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We  have  run  a  series  of  tests  to  ascertain  the  variety  «f  analyses  to  which  Scimatco 
Analytical  Filter  papers  were  best  adapted. 

The  results  showed  that  Scimatco  Analytical  papers  were  entirely  satisfactory  for  the 
following : 

In  General  Analytical  Work 

I ,     In  procedures  requiring  a  rapid  filtering  paper  that  holds,  fine  precipitates. 

-.    An  procedures  where  the  residue  is  ignited  and  weighed  (ash  of  paper  being  deducted). 

■;     'In  procedures  where  suction  is  used  in  aiding  filtration,  a  cone  being  t^ed  in  the  funnel. 


In  Coal  and  Coke  Analysis 

1.  Filtration  of  the  ash  and  insoluble  residue  from 
the  ignition  with  Eschkas  mLxture  previous  to  pre- 
cipitating with  barium  chloride. 

2.  Filtration  of  ash,  etc.,  at  the  same  point  if  sodium 
peroxide  method  is  used. 

3.  Filtration  of  barium  sulphate  in  the  determination 
of  sulphur. 

In  Iron  Ore  Analysis 

1.  Filtration  of  insoluble  residue  when  true  silica  is 
to  be  determined  by  fusion. 

2.  Filtration  of  sUica  in  the  determination  of  silicon. 

3.  Filtration  of  iron  and  aluminum  hydroxide  previous 
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ide. 
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4.  Filtration    of   magnesium   ammonium  "^phosphate 
where  precipitate  is  to  be  dissolved  and  reprecipitated. 

5.  Filtration  of  insoluble  residue  and  iron  and  alum- 
inum hydroxides  in  the  determination  of  phosphorus. 

6.  Filtration  ammon.  phospho-molybdate. 
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Specialization  in  Manufacture 

WITH  exports  increasing  and  with  an  unsettled  state  of 
affairs  in  Europe  an  important  contributing  factor 
to  the  improvement  in  the  status  of  our  chemical  situation, 
it  may  seem  absurd  to  be  uneasy.  Yet,  we  cannot  feel 
secure  until  everything  humanly  possible  has  been  done  to 
enable  that  industry  to  gain  the  strength  which  international 
competition  requires  for  lasting  success.  In  exports  the 
chemical  industry  has  showai  a  gratifying  increase,  particu- 
larly in  the  export  of  coal-tar  products.  Recent  figures 
from  the  Department  of  Commerce  show  that  for  the  first 
quarter  of  the  present  year  a  gain  of  about  53  per  cent  has 
been  made  over  the  corresponding  quarter  of  1922.  There 
was  an  increase  of  50  per  cent  in  intermediates,  over  20  per 
cent  in  finished  dyes,  19  per  cent  in  medicinals,  and  an  in- 
crease of  approximately  17  per  cent  in  the  value  of  chemicals 
and  allied  products  exported  during  the  same  period.  This 
level  may  not  be  maintained,  and  it  nmst  be  recognized  that 
many  of  the  factors  contributing  to  the  success  are  tempo- 
rary, and  that,  if  the  position  gained  is  to  be  permanent, 
much  depends  upon  the  chemical  manufacturers  themselves. 
Because  of  foreign  conditions,  legislation  intended  to  be 
helpful  has  scarcely  been  put  to  the  test. 

Specialization  in  manufacture  and  concentration  upon  the 
development  of  lines  for  which  a  corporation  is  best  fitted 
by  training,  experience,  and  equipment,  is  the  thing  most 
needed  at  present.  Surely,  the  last  few  years  have  taught 
us  much  about  the  penalty  of  too  rapid  expansion,  and  the 
mortality  among  weak  lines  has  been  high.  The  tendency 
to  jump  into  a  new  field  which  is  alluring  at  the  moment 
should  be  resisted  m  favor  of  research  looking  toward  the 
production  of  a  profitable  specialty.  Any  other  policy 
leads  to  overproduction  of  a  few  items,  causes  profits  to 
vanish,  and  leaves  industry  without  the  complete  line  of 
quality  products  which  constitutes  one  of  our  best  defenses 
agaiust  importation. 

Our  industry  is  still  a  long  way  from  an  impregnable  posi- 
tion. German  interests  are  determined  above  all  else  to 
regain  the  chemical  trade  of  America  and  of  China,  where 
our  products  now  present  a  barrier  to  the  attainment  of  that 
ambition.  The  old  weapon  of  full-line  forcing,  by  w-hich 
the  consumer  is  compelled  to  take  a  full  line  of  products  in 
order  to  obtain  the  small  fraction  reallj'  needed,  remains 
powerful  enough  to  defeat  our  domestic  development  unless 
our  manufacturers  will  undertake  the  production  of  those 
noncompetiti\'e  items  which  imports  show  clearly  are  needed 
here  but  are  not  yet  manufactured.  The  industry  owes 
much  to  the  Department  of  Commerce  and  the  Tariff  Com- 
mission in  promptly  providing  detailed  statistics  which 
indicate  clearly  the  steps  to  be  taken  in  completing  our 
program  of  manufacture. 

Just  when  a  di^'ision  of  world  trade  and  a  corresponding 
agreement  to  refrain  from  the  manufacture  of  some  lines  of 
chemicals  will  be  offered  as  a  bait  to  the  stockholders  of 
American  concerns,  is  a  question.  But  it  is  something  to 
be  expected,  and  when  it  comes  may  prove  attractive  to 
those  who  have  become  weary  in  an  uphUl  struggle.  That  . 
the  acceptance  of  such  a  compromise  would  not  be  in  the 
best  interests  of  America  seems  obvious.  We  must  con- 
sent to  no  such  limitations  as  would  inevitablj'  follow.     But 


in  the  meantime,  strength — scientific,  technical,  and  finan- 
cial— must  be  gained. 

We  must  not  be  misled  by  reports  of  foreign  conditions  in 
the  foreign  press,  for  one  man  like  Stinnes  can  exercise  an 
enormous  influence  upon  public  opinion.  This  industrialist 
is  said  to  control  outright  seventy-one  different  newspapers, 
and  has  also  acquired  the  Hirsch  Bureau,  now  known  as  the 
Telegraphic  Union,  w-hich  supplies  articles  to  thousands  of 
newspapers  of  all  sorts.  Directors  of  German  firms  have 
stated  that  new  products,  the  result  of  research,  vrHl  not  be 
put  upon  the  market  so  long  as  their  plants  are  under  the 
inspection  and  supervision  of  interallied  chemists  and  tech- 
nologists. They  have  no  thought  of  risking  the  fruits  of 
years  of  labor  while  these  competitors  are  in  commanding 
positions,  but  as  soon  as  they  are  rid  of  this  hindrance 
several  new  processes  are  to  be  introduced.  This  is  only 
another  proof  of  the  fact  that  to  stay  in  the  running  even 
the  manufacturer  of  a  specialtj-  requires  constant  develop- 
mental work.  A  product  perfect  to-day  may  be  obsolete 
to-morrow,  made  so  by  the  new  offering  of  a  competitor. 
The  well-known  combination  of  German  plants,  common  in 
all  industries,  continues  to  be  a  menace  which  cannot  be 
combatted  by  a  similar  method  here,  thanks  to  our  laws. 
Accordingly,  the  threat  of  a  foreign  monopoly  is  ever  over  us. 

The  manufacturer  who  under  all  these  conditions  calmly 
reviews  his  abilities,  carefully  selects  his  specialties,  and  pro- 
ceeds to  lay  plans  to  excel  in  his  own  field,  appeals  to  us  as 
the  one  who  will  survive  these  uneasy  times.  He  may  not 
make  such  an  immediate  success  as  his  rival  who  is  occa- 
sionally fortunate  in  opportune  moves,  but  his  foundation 
will  be  secure  and  his  structure  permanent. 


Fellows 

THE  idea  of  creating  within  oui'  successful  democratic 
Society  a  professional  group  to  be  known  by  some  such 
title  as  "Fellows  of  the  American  Chemical  Society"  is  by  no 
means  new  or  novel.  A  plan  aiming  at  the  same  result  has 
been  before  the  Council  on  several  occasions.  The  Proceed- 
ings for  1907,  page  71,  indicate  that  a  distinguished  com- 
mittee, known  as  the  Committee  on  Qualifications  of  Chem- 
ists, was  appointed,  and  its  report  is  to  be  found  on  page  87 
of  the  Proceedings  for  1908.  A  larger  committee  of  fifteen 
was  appointed,  as  recommended,  to  consider  this  subject 
further,  and  in  1909  reported:  "It  is  the  opinion  of  the 
majority  of  the  committee  that  some  body  of  the  kind  is  de- 
sirable, but  that  it  cannot  be  formed  \\-ithin  the  .\mericau 
Chemical  Society  and  it  is  not  desirable  to  attempt  the  for- 
mation of  an  Institute  of  Chemistry  at  the  present  time." 

But  the  discussion  did  not  end  there.  That  membership 
in  the  .1.aierican  Cheiikal  Societt  should  be  enhanced  in 
value  was  a  point  brought  out  in  the  Council  Meeting  in  Bir- 
mingham, when  the  Committee  on  Progress  in  Society  Pro- 
cedm-e  was  authorized.  In  its  year's  work,  the  committee 
obtained  many  opinions  on  this  subject,  decided  that  some- 
thing should  be  done,  but  only  after  due  deliberation,  and  -nith 
this  in  view  recommended  that  the  task  of  formulating  a  plan 
be  assigned  to  a  special  committee.  This  committee  was 
appointed  at  the  New  Ha^■en  ]\Ieetmg  and  -n-ill  report  at 
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Milwaukee.  It  is  a  subject  of  much  importance  and  coun- 
cilors should  go  to  Milwaukee  prepared  to  discuss  it. 

The  plan  of  having  associate  members  seemed  inadequate. 
It  was  not  the  right  course.  We  believe  a  class  of  Fellows  can 
be  created  that  will  not  only  enhance  the  value  of  member- 
ship for  those  who  can  qualify,  but  in  time  will  bring  about  a 
situation  in  American  chemistry  that  will  be  very  helpful  to 
our  profession.  Whether  we  approve  of  licensing  chemists 
and  chemical  engineers  or  not,  there  are  many  who  believe 
that  before  long  there  will  be  laws  requiring  the  license  in  all 
the  states.  We  have,  we  believe,  in  the  American  Chemic.\i. 
Society  an  opportunity  so  to  draw  the  specifications  for  those 
who  would  be  Fellows  as  to  have  such  distinction  qualify  them 
for  license  without  examination.  If  we  can  but  draw  our 
specifications  with  sufficient  skill,  we  can  make  "Fellows  of 
the  American  Chemical  Society"  a  title  as  much  sought  after 
as  similar  titles  in  foreign  societies.  There  is  nothing  of  that 
sort  in  America  to-day. 

That  the  specifications  are  difficult  to  draw  is  obvious.  In 
this  work  the  committee,  of  wliich  WOIiam  Hoskins  of  Chi- 
cago is  chairman,  needs  all  the  suggestions  and  constructive 
criticism  that  can  be  given  it. 

A  code  of  ethics  is  also  an  old  story  for  the  American 
Chemical  Society.  Under  the  direction  of  the  CouncU, 
A.  D.  Little  and  his  committee  worked  for  two  years  upon  a 
code,  only  to  have  the  CouncU  decide  that  no  code  was  re- 
quired for  American  chemists.  Since  then  other  bodies  have 
recognized  the  desirability  of  codes  of  ethics.  The  engineer- 
ing bodies  have  adopted  such  codes,  and  even  the  American 
Bar  Association  contemplates  adopting  canons  of  judicial 
ethics  as  formulated  by  a  committee  headed  by  Chief  Justice 
William  Howard  Taft.  Surely,  if  judges  can  derive  some 
benefit  from  a  code  of  ethics  for  their  guidance  on  and  off  the 
bench,  there  need  be  no  hesitancy  on  the  part  of  chemists  in 
taking  like  action.  Should  ways  be  found  for  creating  a  class 
of  Fellows  within  the  American  Chemical  Society,  we 
trust  a  strict  code  of  ethics  will  be  adopted,  as  well  as  some 
plan  which  provides  for  the  disbarment  of  a  Fellow  if  he  should 
violate  the  code. 

There  will  be  several  problems  before  the  Council  at  Mil- 
waukee, but  none  which  presents  greater  difficulties  than  the 
fellowship  plan.  Few,  if  any,  are  more  important  from  the 
standpoint  of  American  chemistry. 


The  Earning  Power  of  Research 

^HEMICAL  and  Metallurgical  Engineering,  in  the  June 
11  issue,  pleads  for  the  sale  of  research  for  what  it  is, 
with  emphasis  upon  values  other  than  the  immediate  return 
which,  unfortunately,  is  of  first  interest  to  practically  all 
boards  of  directors.  Would  that  it  were  possible  to  win 
the  support  of  industry  for  tlie  conquest  of  truth  for  its 
own  sake ! 

We  know  of  one  man  of  wealth  who,  it  is  said,  cannot  be 
interested  in  any  money-making  venture.  He  regards  it  as 
liis  duty  properly  to  expend  what  he  has  in  the  interests  of 
humanity.  For  him  there  is  the  appeal  of  providing  means 
to  an  easier,  more  enjoyable,  and  longer  life  for  men,  the 
alleviation  of  suffering,  and  long-time  studies  aimed  at  the 
very  cause  of  international  ills.  We  know  of  another  man 
who  serves  by  devising  labor-saving  machinery.  For  him 
research  can  provide  materials  having  necessary  chemical 
and  physical  properties.  But  what  of  the  long,  long  list  of 
men  who  stiU  reckon  in  terms  of  what  the  work  will  return 
in  cash''  These  men  must  be  converted  to  research  by  the 
appeal  made  through  touching  the  purse  nerve.     If  they  are 


fortunate  in  their  choice  of  a  research  director  and  in  choos- 
ing a  suflicient  number  of  worth-while  problems,  and  will 
adequately  support  the  work  in  continuity,  they  will  be  won 
over  to  research  for  its  values  other  than  the  direct  cash 
return  and  continue  its  adherent  in  perpetuity. 

We  have  approached  the  task  of  selling  real  research  from 
a  number  of  angles,  and  we  venture  the  opinion  that  in 
almost  every  case  research,  and  even  scientific  work  which 
is  not  research,  is  undertaken  either  because  the  guardians 
of  the  treasury  are  convinced  that  it  will  pay  in  dollars  and 
cents,  or  because  some  other  such  work  has  paid. 

Research  pays — ^of  course  it  pays — in  many  ways  besides 
cash,  but  as  yet  that  means  little  to  the  average  stockholder. 
We  know  it  pays  as  insurance  against  the  uncertainty  of  the 
future.  With  knowledge  obtainable  in  no  other  way  an 
industry  faces  forward  without  dread.  Little  by  little 
industry  has  come  to  appreciate  that  the  destruction  of  a 
plant  by  fire  is  as  nothing  compared  with  the  loss  of  business 
to  a  competitor  through  his  superior  knowledge.  Research 
attracts  better  men  to  an  industry,  for  they  know  that  a 
properly  supported  research  laboratory  is  one  indication  of 
forward-looking  executives.  Research  adds  a  real  interest 
to  otherwise  routine  work,  and  owners  themselves  find  a  new 
interest  in  their  daily  task.  Research  raises  the  intellectual 
level  throughout  an  entire  industry.  With  the  advent  of 
science,  old  organizations  have  changed,  bringing  in  a  higher 
type  of  both  executive  and  operative. 

At  times  research  has  been  used  to  gain  confidence.  It 
has  even  been  used  as  an  advertisement.  It  has  assumed 
such  importance  in  some  instances  that  a  plant  with  a  labora- 
tory attached  has  been  changed  to  a  laboratory  with  a  plant 
attached.  We  know  it  is  worth  while  to  establish  even 
fragments  of  truth,  as  T.  W.  Richards  in  bis  American 
Chemical  Society  presidential  address  so  ably  emphasized 
in  discussing  accurate  atomic  weight  determinations. 

But  those  responsible  for  funds  have  too  generally  en- 
tered upon  their  careers  without  a  proper  appreciation  of 
scientific  work.  They  want  returns  and  fail  to  understand 
the  toil  that  must  precede  the  harvest.  We  quote  Dr.  W.  H. 
Bragg,  the  eminent  British  physicist : 

It  is  easy  and  fascinating  to  suppose  that  a  new  invention  is 
found  as  complete  and  clean  as  a  nugget  of  gold,  as  unexpected 
and  as  unconnected  with  its  surrounding,  and  finally  as  readily 
convertible  into  cash.  The  truth  is  very  different.  Science 
does  not  increase  by  the  constant  addition  of  new  facts  to  old, 
as  a  library  collection  increases  by  the  addition  of  new  books 
or  a  museum  by  the  addition  of  new  specimens  and  curios. 
Science  grows  like  a  tree  which  shoots  out  new  branches  con- 
tinually and  at  the  same  time  strengthens  the  old,  always  growing 
higher  into  the  light.  Like  the  tree,  science  needs  wise  culti- 
vation. The  nourishment  of  the  tree,  its  training  and  pruning, 
have  their  true  counterparts  in  science.  In  both,  the  fruits  come 
as  the  reward  of  skill  and  labor. 

The  fruits  of  science  are  first  sben  when  they  are  brought  to 
market,  and  it  is  vaguely  supposed  they  are  picked  up  somewhere 
and  somehow  in  the  condition  in  which  they  appear.  Perhaps 
they  were  made  by  the  man  who  carries  the  basket.  It  is  not 
realized  that  the  fruit  comes  at  the  end  of  a  long  process  and 
that  even  a  little  application  of  science  may  be  the  result  of  un- 
seen labor  and  growth  for  many  years. 

It  is  not  so  easy  to  develop  scientific  results  as  to  grow  an 
orchard.     The  growth  of  science  is  not  so  much  under  our  control 

as  the  growth  of  nature. 

By  all  means  sell  research  for  what  it  is,  and  be  sufficiently 
adroit  as  a  salesman  to  emphasize  that  feature  in  it  which 
appeals  most  to  your  prospect,  but  never  fail  to  emphasize 
those  valuable  returns  which  do  not  bear  the  dollar  sign. 
To  urge  research  without  reference  to  its  earning  power  is 
something  to  which  to  look  forward.  To  reach  that  point 
requires  contact  and  experience  with  successful  work. 
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United  States  of  America  vs.  the 
Chemical  Foundation 

'T'HE  action  against  the  Chemical  Foundation  to  compel 
*■  the  return  of  patents,  etc.,  to  the  Alien  Property  Cus- 
todian, was  opened  June  4  before  United  States  District 
Judge  Hugh  M.  Morris,  at  Wilmington,  Del.  Henry  W. 
Anderson  is  chief  counsel  for  the  plaintiff  and  William  D. 
Guthrie  and  Isidor  J.  Kresel  are  in  charge  for  the  defense. 

The  plaintiff  has  undertaken  to  irove:  Notwthstanding 
the  great  powers  given  to  the  President  by  Congress,  he  could 
not  delegate  to  another  the  executive  functions  vested  in 
him  by  law.  On  this  contention  rests  the  claim  that  orders 
issued  by  Acting  Secretarj'  of  State  Frank  L.  Polk  were 
void  in  the  first  instance  and  therefore  could  not  be  made 
■\-alid  by  any  subsequent  process  of  ratification  by  the  Presi- 
dent. Furthermore,  the  President's  confirming  order  was 
predicated,  the  plaintiff  asserts,  upon  a  want  of  knowledge 
of  the  actual  facts  relating  to  the  Chemical  Foundation. 
It  is  also  alleged  that  there  was  conspiracy  to  defraud  and 
a  combination  formed  to  buy  the  patents  looking  toward 
the  establishment  of  an  American  monopoly  in  the  chemical 
industry,  and  that  upon  these  grounds  this  particular  sale 
must  be  declared  lull  and  void  and  set  aside.  The  sale, 
it  is  further  declared,  was  not  a  fair  sale,  inasmuch  as  the 
remuneration  was  entirely  inadequate.  The  Alien  Property 
Custodian,  the  plaintiff  claims,  was  in  reality  a  common 
law  trustee  and  therefore  bound  to  obtain  as  much  as  possible 
at  a  sale;  furthermore,  he  virtually  sold  to  himself,  which  is 
illegal. 

The  defense  disputes  all  these  contentions  in  toto.  In 
answer  to  the  opening  statement  by  the  plaintiff,  the  de- 
fendant pointed  out  that  the  President  had  been  given  the 
absolute  power  of  an  owner  over  enemy  property  by  con- 
gressional action,  and  that  what  he  did  with  this  property 
in  the  public  interest  could  not  be  reviewed  by  the  courts. 
Mr.  Kresel  stated:  "I  venture  to  say,  your  honor,  that 
this  is  the  first  time  in  our  political  history  that  any  ad- 
ministration, no  matter  what  its  political  complexion,  has 
sought  to  invoke  the  judicial  arm  of  the  Government  in  an 
effort  to  set  aside  a  solemn  act  of  the  President  taken  in  time 
of  war." 

When  Mr.  Polk  testified,  the  court  stated,  in  the  course  of 
the  testimony,  that  there  had  been  demonstrated  "most 
clearly  and  forcefully  the  iniquity  of  a  court  of  justice  going 
into  matters  affecting  and  appealing  to  the  discretion  of  the 
Executive  or  his  designated  agent."  While  the  plaintiff  liad 
hoped  to  prove  by  Mr.  Polk  that  there  had  been  deception  in 
persuading  him  to  sign  the  origmal  order,  it  appeared  that  he 
was  in  full  possession  of  the  facts  xvhen  the  order  was  signed, 
since  he  had  examined  a  copy  of  Alien  Property  Custodian 
Palmer's  report  to  the  President  on  the  subject  and  had  an 
inter\'iew  with  Mr.  Palmer  before  he  signed  the  order.  In 
reply  to  a  direct  question  from  the  court  as  to  whj-  he  had 
signed  the  order,  Mr.  Polk  said:  "Because  I  felt  there  was 
an  opportunity  to  build  up  a  real  chemical  industry  in  this 
country,  something  we  had  never  had  before."  Being 
asked  the  hypothetical  question  whether  had  he  knoTvn  that 
the  patents  were  coming  under  the  control  of  an  American 
monopolj',  he  would  even  then  have  approved  the  sale  of  the 
patents,  he  replied:  "I  would  assume  that  the  Claj-ton  law 
and  the  Sherman  law  would  have  protected  the  country 
from  a  monopoly,  and  in  view  of  the  statement  that  these 
patents  were  to  be  licensed  to  all  who  might  requu-e  them, 
I  would  have  signed  it." 

From  the  testimony  of  the  secretary  of  the  American  Dyes 
Institute,  by  which  the  plaintiff  expected  to  show  that  there 
had  been  conspiracy,  it  became  evident  that  the  aeti\-ities 


of  the  Institute  were  merely  those  of  ordinary  trade  associa- 
tions, and  the  court  remarked  that  if  the  actions  disclosed 
constituted  conspiracy,  every  association  of  manufacturers 
should  be  indicted  for  conspiracj',  since  the  activities  were 
those  characteristic  of  any  trade  association. 

A.  M.  Patterson,  president  of  the  Textile  Alliance,  was  in- 
troduced as  a  witness  for  the  Government  in  an  effort  to  prove 
the  charge  of  conspiracy  to  defraud  and  combination,  but 
after  his  testimony  had  been  taken  the  counsel  for  the  plain- 
tiff himself  moved  that  the  Textile  Alliance  be  eliminated 
from  the  bill  of  complaint,  it  having  been  shovATi  to  his  satisfac- 
tion that  the  Alliance  was  not  involved  in  such  a  movement. 

It  was  emphasized  by  the  defense  that  in  the  purchase 
of  these  patents  the  really  valuable  part  of  the  process — 
namely,  the  "know  how,"  which  is  always  an  element  of 
consideration — had  not  passed  to  the  new  owTiers  by  the  sale 
of  the  patents,  and  it  is  contended  that  where  an  Executive 
Order  of  the  President  is  involved  and  pubhc  interest  is 
inseparable  from  the  other  features  of  the  transaction,  price 
must  be  entirely  secondary.  The  defense  points  out  that, 
should  the  seizure  and  sale  of  these  patents  be  set  aside, 
they  might  be  held  to  have  remained  the  property  of  the 
original  owners,  to  whom  they  might  then  be  returned,  and 
we  should  in  that  event  have  a  long  list  of  actions  arising 
from  infringements,  not  only  with  respect  to  the  chemical 
patents,  but  the  many  other  patents  seized  by  the  Alien 
Property  Custodian  which  are  not  involved  in  this  suit. 

The  defense  further  argues  that  the  various  acts  of  Congress 
clearly  indicate  that  there  was  no  intention  to  make  the  Custo- 
dian a  trustee  to  operate  German  property  for  the  benefit 
of  the  enemy  and  merely  as  a  conservator  for  the  enemy. 
In  that  case  the  Alien  Property  Custodian  would  have  been 
piling  up  huge  profits  out  of  the  very  war  which  the  Germans 
forced  upon  us.  The  intent  was  to  give  to  the  President 
the  absolute  power  of  owTier  over  enemy  property,  and  in 
disposing  of  the  property  he  had  in  mind  primarily  the  necessi- 
ties of  the  country. 

After  outlining  the  experience  of  America  when  Germany 
undertook  to  dictate  our  foreign  policy  by  demanding  that 
we  force  Great  Britain  to  permit  cotton  to  reach  Germany  in 
exchange  for  coal-tar  products  for  America,  Mr.  Kresel  said : 

I  wonder  where  we  would  be  to-day,  in  the  present  political 
situation  over  in  Europe,  with  France  having  possession  of  the 
Ruhr,  with  Germany  having  possession  of  the  dye  works,  if  she 
still  had  her  monopoly  here.  I  wonder  if  Dr.  Haeuser  would  be 
writing,  for  the  information  of  the  President  of  the  United  States, 
that  they  would  again  starve  our  people  by  denying  us  potash, 
make  our  sick  suffer,  and  throw  our  people  out  of  work,  if  we  did 
not  insist  upon  France  evacuating  the  Ruhr. 

A  sentence  from  Mr.  Kresel's  statement  which  aroused 
some  discussion  is  the  foUomng: 

True,  on  the  face  of  the  bill  the  United  States  Government 
appears  as  sole  plaintiff,  but  we  shall  show,  your  honor,  that  there 
is  here  an  invisible  plaintiff,  in  the  person  of  the  great  German 
chemical  trust,  the  so-called  "Interessengemeinschaft,"  other- 
wise known  as  the  "I.  G.,"  and  it  was  certainly  fitting  and  proper 
that  the  first  witness  in  this  case  should  have  been  the  repre- 
sentative and  the  spokesman  of  the  great  I.  G. 

We  refrain  from  commenting  upon  the  testimony  or  the 
argument  of  either  the  plaintiff  or  the  defense  while  the 
case  is  before  the  court.  As  we  go  to  press,  it  is  be- 
lieved that,  notwithstanding  the  formal  move  on  the  part 
of  the  defense  to  throw  the  case  out  of  court  with  the  conclu- 
sion of  the  government  testimony,  the  testimony  and  evidence 
of  the  Foundation  y\-ill  be  taken  in  its  entirety  for  the  sake  of  a 
complete  record,  and  that  it  wiU  be  some  weeks  before  the 
case  will  be  argued  and  some  months  before  a  decision  will  be 
handed  down. 
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Papers  presented  before  the   Division  of  Industrial  and    Engineering  Chemistry    at    the  65th    Meeting  of   the  American  Chemical  Society,    New 
Haven,  Conn.,   April  2  to  7,   1923.      The  other  papers  in  this  symposium  were  published  in  the  May  and  June  issues. 


The  Protection  of  Concrete  and  Other 

Building  Materials  against  Water 

and  Noxious  Fumes 


By  Maximilian  Toch 


TocH  Brothers,  In 


.New  York,  N.V. 


STEEL,   concrete,   wood,  and  brick    arc  the    principal 
building  materials  used  in  factories;  but  in  residences, 
office  buildings,    and    warehouses,  stone,  plaster,  and 
oxychloride  compositions  are  also  used. 

Concrete 

If  surface  area  is  taken  into  consideration,  probably  con- 
crete is  more  largely  used  than  all  the  others  combined. 

It  is  well  to  quote  from  an  editorial  opinion  of  the  Engineer- 
ing News-Record  of  February,  1923,  owing  to  the  many 
doubts  as  to  theory  and  practice  which  were  brought  out 
at  a  recent  meeting  of  the  American  Concrete  Institute: 

First,  there 'is  a  very  general  concern  over  the  behavior  of 
outdoor  concrete.  More  and  more,  bad  concrete  is  being  brought 
to  light,  and  the  policy  of  suppression  of  facts  is  retreating  before 
a  demand  that  the  cards  be  thrown  on  the  table.  There  are 
all  too  many  examples  of  five  to  fifteen-year-old  concrete, 
placed  by  competent  contractors  and  engineers,  which  are  far 
from  permanent  and  which  if  examined  and  classified  might 
reasonably  yield  some  information  that  would  help  in  future 
structures.  When  failures  have  as  much  publicity  as  tests,  the 
reasons  for  the  principles  laid  down  will  be  better  appreciated. 

In  the  same  category  comes  the  well-worn  subject  of  sea- 
water  concrete.  For  years  this  has  been  the  plaything  of  the 
theoretician.  Concrete  goes  to  pieces  in  sea  water  more  fre- 
quently than  not,  but  the  fact  that  sometimes  it  does  not  points 
to  need  of  a  study  comprehensive  in  scope  and  particularized 
in  examination. 

In  concrete  construction  several  questions  are  not  definitely 
answered.  One  is  the  matter  of  integral  waterproofing,  and 
another  the  desirability  of  chuting. 

It  is  common  to  decry  integral  waterproofing,  to  claim  on 
the  basis  of  many  tests  that  nothing  is  added  by  the  use  of  such 
materials  that  cannot  be  just  as  cheaply  and  effectively  achieved 
by  the  proper  procedure  of  normal  concreting — and  yet,  integral 
waterproofing  continues  to  be  made  and  used  in  large  quantities. 
In  chuting,  on  the  other  hand,  theorizing  has  no  place.  The 
unsuccessful  attempt  at  Cincinnati  to  get  some  registration  of 
opinion  one  way  or  the  other  on  the  chute  problem  shows  why 
there  are  doubts  on  this  question. 

Skepticism  as  to  rational  methods  of  proportioning  is  far 
less  than  it  once  was;  there  are  signs  that  we  are  approaching 
some  sort  of  solution.  The  problem  now  is  to  popularize  meth- 
ods which  need  simplifying  and  broadcasting.  Doubts  here 
are  nowhere  near  as  great  as  they  were  five  years  ago. 

The  first  fact,  with  regard  to  untreated  concrete,  which 
strikes  us  most  forcibly,  is  that  up  to  1914  the  United  States 
Navy  did  not  have  a  single  great  dry  dock  in  good  condition, 
but,  particularly,  the  Brooklyn  na\'y  dry  docks  had  to  be 
continually  patched  and  repaired  where  they  had  cracked 
abnormally,  or  where  the  sea  had  leached  them  badly. 
Some  authentic  photographs  are  recorded  in  the  article  on 
concrete  in  Basker\'iUe's  "Municipal  Chemistry."  The 
five  gigantic  dry  docks  built  bj'  the  Na\y  in  Norfolk,  Phila- 
delphia, and  New  York,  since  1912,  have  all  been  water- 
proofed by  the  integral  method,   and   sufficient  time  has 


passed,  particularly  in  the  case  of  the  No.  4  Dry  Dock  of  the 
Brooklyn  Navy  Yard,  which  is  over  nine  years  old,  to  indicate 
that  no  deterioration  or  solution  of  mortar  or  concrete  has 
taken  place. 

Sidewalks  made  of  concrete  do  not  receive  any  treatment, 
either  by  the  integral  or  surface  method,  and  as  a  rule  they 
show  up  very  well.  This  is  probably  due  to  the  fact  that 
sanding,  dusting,  and  abrasion  of  the  sidewalk  is  not  notice- 
able. 

In  this  climate,  where  the  temperature  variation  approaches 
130  degrees  or  more,  concrete  roads  crack  badly,  as  a  rule, 
and  must  be  filled  up  with  a  bituminous  or  elastic  material. 
Before  they  are  repaired  frost  usually  enters  and  then  the 
fissures  mden.  Some  engineers  maintain  that  concrete 
needs  no  integral  or  surface  treatment  whatever,  if  additional 
Portland  cement  is  added  and  if  the  workmanship  is  proper, 
but  this  is  only  partly  true.  In  the  first  place,  it  is  a  question 
whether  exact  supervision  can  be  had  in  large  construction 
work,  and,  of  much  greater  importance,  there  is  the  problem 
of  chuting.  Chuting  saves  time  and  lalior,  but  sometimes, 
in  very  large  operations,  20  tons  of  concrete  are  loaded  on  a 
car  propelled  anywhere  from  100  to  1000  ft.,  and  the  contents 
are  lifted  into  a  chute  and  allowed  to  slide  into  place.  Unless 
an  integral  material,  which  acts  as  a  lubricator  and  which 
slightly  retards,  is  used,  bad  concrete  is  going  to  result  and 
clogging  may  take  place;  but  when  no  proper  integral  material 
is  used,  the  slide  is  wet  and  additional  water  is  added  to  the 
concrete  so  as  to  make  it  sUde — too  much  water  to  concrete 
is  fatal.  For  example,  in  a  very  large  government  building 
in  Washington,  in  which  the  closest  supervision  was  had 
o^-er  the  concrete  work,  the  addition  of  too  much  water  in 
the  concrete  of  which  the  floors  were  made  re.sulted  in  one 
of  the  worst  cases  of  cracking  that  the  WTiter  has  ever  seen — 
in  fact,  every  floor  in  that  gigantic  building  is  alligatored 
to  a  tremendous  extent. 

Engineers  ought  to  look  this  problem  squarely  in  the  face 
and  not  theorize  about  how  it  might  be  done  without  the 
addition  of  some  protective  material. 

You  cannot  buOd  a  concrete  bin  or  building  in  which 
certain  chemicals  are  stored  unless  the  concrete  is  acid- 
proofed,  either  integrally  or  by  means  of  a  thorough  surface 
application,  and  you  cannot  dust-proof  and  harden  a  cement 
floor,  no  matter  what  formula  of  cement,  sand,  and  aggregate 
you  devise,  unless  a  suitable  material  is  applied  to  the  surface. 

Steel 

The  protection  of  steel  in  buildings  has  been  very  much 
neglected  since  the  war.  Building  construction  is  so  ex- 
pensive— the  plasterer,  the  mason,  and  the  carpenter  are 
getting  infinitely  so  much  more  than  they  did  before  the 
war — that  the  owner  is  inclined  to  take  it  out  of  the  material 
man,  and  is  wOling  to  use  a  cheap  brick,  cheaper  paint,  and 
cheaper  materials  generally,  often  to  his  sorrow;  but  in  a 
chemical  works  this  cannot  be  permitted,  where  steam-laden 
fumes  carry  a  small  percentage  of  free  chlorine  or  sulfuric 
acid,  which  is  a  common  occurrence  in  many  factories. 

There  is  no  one  who  can  definitely  say  that  one  material 
will  act  as  a  panacea  for  all  these  conditions,  but  many  of 
these  cases  have  to  be  treated  individualh'. 
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Free  chlorine  and  the  fumes  of  bleacliing  powder  are  so 
corrosive  tliat  a  paint  that  will  withstand  sulfuric  acid  will 
not  withstand  chlorine  products — in  fact,  in  many  instances 
it  is  advisable,  where  rust  pittings  are  very  bad,  to  paint  the 
steel  with  a  waterproof  paint  and  then  put  on  a  1-in.  coat 
of  Portland  cement  grout,  which  of  itself  must  be  exceedingly 
dense,  and  which  should  then  be  followed  with  an  alkali- 
proof,  acid-proof,  or  clilorine-proof  paint,  as  the  case  may  be. 

Wood 

Wooden  vats  present  a  very  important  problem  in  paint- 
ing. Some  years  ago  it  was  the  general  impression  that  a 
wooden  vat,  whether  connected  with  a  sprinkler  system  on 
the  roof  of  a  building  or  used  in  the  interior  of  a  building, 
needed  no  coating,  but  looking  out  over  the  sky  Une  of  the 
City  of  New  York,  where  practically  every  big  building  is 
sprinklered,  and  therefore  has  a  5000  or  10,000-gal.  tank 
from  10  to  20  ft.  above  the  roof,  you  seldom  see  one  that  has 
not  been  painted  on  the  outside,  and  even  if  you  do  see  one 
that  is  unpainted,  the  hoops  are  always  painted.  There  is 
a  simple  problem  in  engineering  which  regulates  why  a  vat 
should  be  unpainted  on  the  inside  and  painted  on  the  out- 
side— one  of  tension  and  compression.  From  the  waiter's 
experience — and  Ills  firm  has  over  100  wooden  tanks  in  its 
factory — he  has  found  that  continual  painting  and  continual 
looking  after  the  hoops  save  the  price  of  many  a  new  tank. 

In  alcoholic  fermentation,  when  beer  was  manufactured 
in  this  country,  it  was  found  that  the  onlj'  material  which 
was  suitable  for  the  painting  of  the  interior  of  wooden  fermen- 
tation tanks  was  a  mixture  of  practically  pure,  acetone-free 
ethyl  alcohol  and  4  lbs.  of  the  highest  grade  of  East  India 
shellac,  known  as  "DC"  or  as  "VSO,"  and  because  only 
between  3  and  5  per  cent  of  alcohol  was  generated,  the  coat- 
ing was  not  affected  and  withstood  the  action  of  the  mash  for 
about  six  months. 

It  was  subsequently  found,  however,  that  this  mix-ture, 
which  V.  as  known  throughout  the  trade  as  "brewers'  varnish," 
was  expensive  to  apply,  and  a  great  many  objected  to  it  on 
account  of  the  alcoholic  fumes. 

Since  then  a  much  better  material  has  been  placed  on  the 
market,  which  is  in  the  form  of  a  wax.  It  is  unaffected  by 
acids,  alkaUes,  or  alcohols,  and  is  harmless  to  the  workman 
who  applies  it,  because  it  contains  no  volatile  matter.  This 
appears  to  be  a  very  high  grade  of  resin  copal,  similar  to 
kauri,  which  has  been  melted  with  some  form  of  wax,  and 
when  this  material  is  appUed  with  a  blow  torch  and  thor- 
oughly impregnated  into  the  interior  of  the  tank,  it  has 
been  known  to  last  for  four  or  five  years. 

Chemical  manufacturers  have  adopted  materials  of  this 
type  for  the  interior  of  vats,  and  experiments  show  that 
both  strong  vinegar  and  h}-drochloric  acid  have  no  effect 
on  a  coating  of  this  type. 

Bhick  .vnd  Hollow  Tile 

Brick  and  hollow  tile  should  either  be  painted  or  should 
have  a  colorless  application  where  the  original  texture  is 
to  be  preserved. 

In  the  last  few  years  we  have  made  so  many  advances  in 
the  treatment  of  tung  oil  that  these  colorless  coatings  are 
to  be  had  in  endless  varieties. 


A  camera  which  occupies  two  rooms  of  the  Department  of  the 
Interior  building  is  now  used  for  photographing  maps  of  the 
United  States,  maps  of  oil  fields,  and  charts  showing  mineral  re- 
sources. The  lens,  bellows,  and  copy-holder  are  in  one  room, 
and  the  plate-holder  and  dark  room  are  in  the  other  room.  The 
camera  will  take  a  picture  one  yard  square  It  weighs  7000  lbs. 
and  is  operated  either  by  hand  or  by  electricity.  Focusing  is 
done  by  means  of  an  electrical  contrivance. 


The  Resistivity  of  Various  Materials 
towards  Photographic  Solutions' 

By  J.  I.  Crabtree  and  Glenn  E.  Matthews 
Eastman  Kodak  Co..  Rochester,  N.  Y. 

ALTHOUGH  much  information  is  available  in  the  litera- 
ture concerning  the  effect  of  alkaUes,  acids,  and 
numerous  other  solutions  on  materials  which  might 
be  suitable  for  constructing  trays,  tanks,  film  holders,  etc., 
for  photograpliic  purposes,'--'*  very  Uttle  of  this  information 
throws  any  light  on  the  probable  effect  of  photographic 
solutions  on  these  materials. 

The  suitability  of  a  material  from  a  photographic  stand- 
point depends  on  two  factors — namely,  the  resistivity  of  the 
material  to  the  action  of  the  photographic  solution,  and  the 
effect  of  tlie  material  on  the  useful  life  of  the  solution.  The 
second  factor  is  of  great  importance,  since  a  solution  such  as 
a  developer  may  appear  unchanged  after  a  week's  exposure 
to  a  metal,  but  on  testing  the  developer  may  be  found  to  fog 
emulsions  badly.  In  this  event  the  metal  would  be  entirely 
unsuitable  for  constructing  developing  apparatus,  but  it 
nright  be  satisfactory  for  fixing,  washing,  or  toning  apparatus. 
A  material  which  is  resistant  and  does  not  produce  unde- 
sirable effects  with  any  photographic  solution  is,  of  course, 
to  be  preferred. 

Of  the  possible  materials  suitable  for  constructing  photo- 
graphie  apparatus,  the  following  were'  considcretl : 

1 — Metals,  plated  metals,  and  alloys 

2 — Nonmetallic  materials:  ' 

Enameled  steel 

Glass 

Impregnated  fibrous  materials 

Lacquered  metal 

Porcelain  and  glazed  earthenware 

Rubber,  rubber  composition,  and  nitrocellulose  materials 

Slate  and  alberene  stone 

W'ood 

Metals,  Pl.\ted  Metals,  axd  Alloys 

The  ductiUty  of  metals  and  alloys  and  the' fact  that  they 
can  be  readily  soldered  and  welded  would  seem  to  render 
them  particularly  suitable  for  the  manufacture  of  photo- 
graphic apparatus;  although  to  date  no  satisfactory  metal 
or  alloy  is  known  which  is  entirely  suitable  for  use  with  all 
photographic  solutions,  it  is  necessary  to  restrict  their  use  to 
specific  purposes. 

Fixing  baths  are  the  most  corrosive  on  account  of  their 
frequently  high  acidity,  and  in  a  used  bath,  if  any  metal 
less  noble  than  sUver  is  immersed  therein,  silver  is  deposited 
on  the  metal  and  an  equivalent  quantity  of  the  metal  goes 
into  solution.  Such  a  coating  of  silver  usually  renders  the 
metal  more  resistant,  though  if  the  under  layer  of  metal  is 
exposed  to  an  acid  solution  free  from  silver,  electrolytic 
corrosion  sets  in.  Pure  silver  is  satisfactorj'  except  for  toning 
solutions.  Lead  has  been  extensively  used  for  lining  wooden 
tanks  and  trays,  and  has  proved  satisfactory  except  for  some 
toning  solutions,  while  lead-coated  steeF-''  offers  promise. 
Zinc  has  been  used  for  washing  tanks  and  is  fairly  satis- 
factory for  this  purpose.  Pure  tin  has  long  been  employed 
for  conveying  distilled  water.  Nickel-plated  brass  is  satis- 
factory for  small  developing  tanks  when  they  are  used  inter- 
mittently, but  plated  metals  invariably  corrode  in  contact 
with  fixing  solutions.  Thus,  a  nickel-plated  copper  rack  for 
holding  photographic  plates  fell  to  pieces.'' 

'  Communication  No.  176  from  the  Research  Laboratory  of  the  East- 
man Kodak  Company. 

•  Numbers  in  the  text  refer  to  the  bibliography  at  the  end  of  the  article. 
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Discolored  solutions  are  often  produced  by  a  reaction  be- 
tween the  metal  and  the  developing  or  fixing  solution,  and 
in  time  stain  the  gelatin  film.  Thus,  iron  forms  purple 
stains  with  a  pyro  developer.'' 

Although  numerous  alloys  have  appeared  during  the  past 
few  years,'^-'  Monel  metal  is  the  only  one  which  has  been 
adopted  to  any  extent  for  photograpliic  use,  and  this  alloy 
is  not  entirely  resistant  to  acid  fixing  solutions. 

In  order  to  obtain  data  as  to  the  relative  resistivity  of 
various  metals,  plated  metals,  and  alloys,  the  following  were 
examined : 


Metaus 

PtATED 

Metals 

Alloys 

Aluminium 

Galv 

'anized  iron 

Aterite  No.  136  (Cu-Ni-Zn) 

Copper 

Tinr 

led 

iron 

Brass  (commercial  sheet) 

Iron 

Duriron 

Lead 

Monel 

Nickel 

Niaco  (Ni  alloy) 

Tin  (block) 

Nickel  Silver  (Cu-Ni-Zn-Fc) 

Zinc 

Nicolene  (Ni-Cu) 
Phosphor  bronze  (Cu-Sn-P) 
Solder  A  (80%  Pb-20%  Sn) 
Solder  B  (20%  Pb-SO%  Sn) 
Rezistal  steel  (Cr  steel) 
Type  metal  (Pb-Sb) 

These  metals  and  alloys  were  tested  with  the  following 
photographic  chemicals: 

1 — Developers.  (Note  :  The  formulas  are  expressed  in  abbrevi- 
ated form — namely,  the  number  of  grams  of  each  constituent 
in  a  liter  of  solution  ready  to  use — arranged  in  the  following 
order:  reducing  agent,  sodium  carbonate  (dry);  sodium  sulfite 
(dry);  potassium  bromide.) 
(a)     Elon-hydroquinone  ( Elon     2.3 

(low  elon  content)  (  Hydroquinone     9.2-48-96-2 

(6)     Elon-hydroquinone  i  Hydroq^d^ione     1.0-20-10^.5 

(h.gh  elon  content)  1  godium  bisulfite 


10 
Pyro     10-37.5-35-0.5 
Sodium  bisulfite     8.5 


(c)      Pyro  (two  solution) 
2 — Fixing  Baths. 

(a)     30  per  cent  hypo  solution 

(i)     Acid  hypo  solution  (formula  in  grams  per  liter) 
Hypo     Sodium  sulfite     28  per  cent  acetic  acid     Potassium  alum 
300  4.5  25  cc.  3  0 

(c)  Partially  exhausted  acid  hypo   solution    (b)    contain- 
ing dissolved  silver 

(d)  Completely  exhausted  acid  hypo  solution  (b)  contain- 
ing dissolved  silver 

3 — A  hypo-alum  Toning  Bath,  containing  potassium  alum, 
hypo,  silver  nitrate,  and  sodium  chloride. 

4 — Water.  Information  as  to  the  effect  of  moisture  on  the 
materials  was  desired  in  order  to  determine  the  most  suitable 
metal  or  alloy  for  constructing  washing  and  rinsing  tanks. 

5 — Dilute  Acids.  The  photographer  often  has  occasion  to 
use  solutions  of  dilute  acids,  and  a  number  of  the  metals  and 
alloys  were  tested  to  determine  their  relative  resistance  to  dilute 
nitric   and   sulfuric   acids. 

Experimental  Details — Strips  of  metal,  2  x.4  in.  and 
approximately  20  gage  in  thickness,  were  placed  in  250-cc. 
Pyrex  beakers  containing  200  cc.  of  solution.  Usually, 
dupUcate  sets  were  made  up,  keeping  one  set  at  room  tem- 
perature, 65°  to  70°  F.,  and  the  other  at  a  tropical  tempera- 
ture, 110°  to  120°  F.  Examination  was  made  at  the  end  of 
24  or  48  hrs.,  1  wk.,  2  wks.,  and  if  the  test  was  of  sufficient 
interest  it  was  continued  for  a  longer  period.  The  volume 
was  kept  constant  by  adding  water  at  regular  intervals. 

In  each  case,  the  following  observations  were  made: 

1 — Appearance  of  the  Solution.  In  the  case  of  developers, 
the  fog,  which  was  produced  on  motion  picture  positive  film 
after  15  min.,  was  measured  by  means  of  the  usual  type  of  densi- 
tometer. 

2 — Effect  on  the  Metal.  Inspection  was  made  with  the  aid  of 
a  microscope. 

Effect  of  Developers — In  general,  it  was  found  that 
metals  or  alloys  containing  either  copper  or  tin  produce  ex- 
cessive fog  with  developers.  From  tliis  standpoint,  the 
following  are  unsatisfactory:  copper,  tin,  tinned  iron,  brass, 


phosphor  bronze,  and  Solders  A  and  B.  Several  of  the  metals 
and  alloys,  especially  aluminium,  iron,  galvanized  iron, 
Duriron,  and  Rezistal  steel,  were  not  visibly  corroded,  and 
the  developer  in  which  they  were  immersed  did  not  produce 
fog,  but  the  solutions  were  badly  discolored  and  would  no 
doubt  stain  emulsions.  Of  the  remaining  metallic  materials, 
the  most  satisfactory  were  lead,  nickel,  Aterite  No.  136, 
Niaco,  Nicolene,  nickel  silver,  Monel,  and  type  metal.  The 
developer  solutions  in  which  these  metals  had  been  immersed 
were  not  objectionably  changed  in  appearance,  did  not  fog, 
and  exliibited  only  a  slight  corrosive  action  on  the  metals. 
The  results  obtained  with  the  first  elon-hydroquinone 
developer  (a)  after  one  day  and  at  the  end  of  a  week  at  a  tem- 
perature of  110°  F.  are  given  in  Table  I.  Tests  made  with 
Developers  b  and  c  confirmed  these  results. 

Table    I — Elon-Hvdroquinone    Developer   vs.    Metals   and   Alloys 

(Temperature,   110°  to  120°  F.) 
.-ibbreviatiotjs: 

Condition  of  Solution:    D,  darker  than  blank;    L,  lighter  than  blank; 
MD,  much  darker  than  blank;    NC,  no  cbani^e;     Ppt.,  precipitate. 

Condition  of  Metal:    C,  corroded;    Dp,  deposit  on  surface;    E,  etched; 
S,  stained;   U,  unchanged. 


. —  Condition  of . 

For 

^-Condition  of — . 

FOK 

Metals 

Solution            Metal  Density  Solution 

Metal  Density 

Tin 

Ppt.                    U 

1.26 

Ppt. 

E 

0.76 

Copper 

NC                     E 

0.50 

D-Ppt. 

EC 

0.41 

Aluminium 

D-Ppt.              Dp-E 

0.23 

D-Ppt. 

Dp 

0.09 

Zinc 

D                         Dp 

0.22 

D 

E 

0,14 

Nickel 

NC                     U 

0.20 

NC 

U 

0.14 

Lead 

D                         U 

0.19 

D 

U 

0.10 

Iron 

D                         U 

O.IS 

MD-Ppt. 

U 

0.14 

Plated  Metals 

Tinned  iron 

NC                     E 

0.70 

L-Ppt. 

S 

0.24 

Galvanized  iron 

NC                     S-E 

O.IS 

D 

s 

0.14 

Alloys 

Solder  B 

NC                  E 

2 ,  .50 

LPpt. 

E 

1.60 

Solder  A 

NC                    U 

2.50 

L-Ppt. 

E 

1.40 

Brass 

D                       Dp 

0.30 

D-Ppt. 

Dp 

0.45 

Phosphor  bronze 

n                      S-Dp 

0.41 

D 

S 

0.38 

Rezistal  steel 

NC                    U 

0.33 

D-Ppt. 

U 

0,26 

Type  metal 

L                      E 

0.34 

L 

E 

0.24 

Duriron 

NC                  U 

0.31 

D 

U 

0.28 

Aterite  No.  136 

L                      S 

0.22 

I, 

S 

0.16 

Nickel  .-Jilver 

L                      -S 

0.26 

L 

S 

0.24 

Nicolene 

L                      U 

0.28 

L 

u 

0.20 

Niaco 

NC                    U 

0.22 

D 

u 

0.20 

Monel 

NC                    U 

0,20 

Ppt. 

u 

0.12 

Blank 

Clear  amber 

0.26 

Clear  deep  straw 

0.18 

color 

Slight  ppt. 

Effect  of  the  Addition  of  Metallic  Salts  to  De- 
velopers— As  a  corroborative  parallel  to  the  work  carried 
out  with  developers  and  metals  and  alloys,  the  effect  of  add- 
ing the  following  metallic  salts  to  the  developer  was  studied : 
AI2CI6.I2H2O;  CuClo;  FeCU;  NiCl,;  Pb(C2H302)2;  SnClo; 
SnCU;  ZnCl,;  and  Zn(C2H302)2.  Two  sets  of  experiments 
were  conducted  usmg  Developer  a.  In  the  first  group  of 
experiments  the  salts  were  added  so  as  to  give  concentrations 
of  0.1  g.  per  Uter  of  developer,  and  in  the  second  group,  1.0 
g.  per  liter.  The  results  checked  very  well  with  those  found 
with  the  actual  metals  and  alloys.  Of  the  salts  examined, 
only  copper  and  stannous  tin  produced  fog,  the  latter  ex- 
liibiting  the  most  fogging  action,  even  producing  fog  slightly 
above  that  of  the  blank  in  concentrations  as  low  as  0.01  g. 
per  Uter. 

The  fogging  action  of  traces  of  copper  or  stannous  salts 
is  especially  noticeable  when  developing  film  on  a  reel.  The 
precise  action  of  a  copper  salt  in  causing  fog  is  not  thoroughly 
understood — presumably  it  acts  as  a  catalyst  in  accelerating 
the  rate  of  o.xidation  of  the  developer,  and  it  is  well  known 
that  developer  oxidation  products  cause  fog.  Stannous 
salts  reduce  the  unexposed  silver  gi-ains  of  the  emulsion  to 
metallic  silver,  which  constitutes  the  fog. 

Effect  of  Metallic  Couples  on  the  Rate  of  Cor- 
ROSiON — In  the  course  of  a  series  of  tests  on  metal  tanks  ot 
a  copper-nickel  alloy,  X,  soldered  on  the  inside  with  lead-tin 
solder,  it  was  observed  that  if  a  developing  solution  remained 
in  the  tank  for  a  short  time  the  developer  gave  very  bad  fog. 
The  cause  of  this  excessive  fogging  action  was  traced  to  the 
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presence  of  tin  in  the  developer,  which  was  the  result  of  the  tin 
constituent  of  the  solder  passing  into  solution.  It  was  ob- 
served that  the  developer  did  jiot  oxidize  as  rapidly  as  a 
corresponding  developer  stored  in  a  glass  tank,  wliich  would 
indicate  that  the  tin  was  present  in  the  stannous  condition, 
thus  protecting  the  developer  from  aerial  oxidation.  (The 
effect  of  stannous  chloride  on  the  keeping  qualities  of  a  de- 
veloper was  observed  by  Desalnie.*)  As  a  result  of  this 
observation,  tests  were  made  to  determine  if  electrolysis 
was  resjionsible  for  the  rapid  dissolving  of  the  tin,  as  follows: 

A  strip  of  AUoy  X  and  a  similar  strip  of  Solder  A  (low  tin  con- 
tent) were  placed  in  a  beaker  containing  Developer  a,  the  metals 
being  insulated  from  each  other.  A  similar  beaker  was  prepared 
with  the  metals  connected  externally  by  means  of  a  copper 
wire.  .\  further  test  was  made  with  Solder  B  (high  tin  content). 
Fog  tests  were  made  with  the  developers  at  periodic  intervals, 
and  it  was  found  that  if  the  metals  were  not  in  metallic  connec- 
tion within  a  week  the  developer  gave  only  a  slightly  increased 
fog,  whereas  if  the  metals  were  externally  connected  the  developer 
gave  very  bad  fog.     The  fog  measurements  were  as  follows: 


Fog  Density 

. 6  Hrs . .          . 24  Hrs . . 

C             U                C              U 

Solder  A-AUoy  X 
Solder  B-AUoy  X 
Blank 

3.00         0.74          1.78         0.66 

2.29         0.75         1.97         0.31 

0.20                          0.04 

C  =      Connected 

The  falling  off  in  the  fogging  action  with  time  was  attrib- 
uted to  the  oxidation  of  the  stannous  salt  to  the  stannic  con- 
dition. 

Fuller  experimental  details  will  be  given  in  a  future  paper 
on  the  effect  of  electrolysis  on  the  rate  of  corrosion  of  metals 
in  photographic  solutions. 

The  practical  application  of  these  experiments  is  as  follows: 
Tin  and  copper  or  alloys  containing  these  metals  should  not 
be  used  in  metallic  contact  with  a  more  noble  metal  in  the 
presence  of  developing  or  fixing  solutions.  For  instance, 
a  lead-Uned  tank  should  not  be  soldered,  but  should  be  lead- 
burned,  and  the  same  applies  to  lead  piping — that  is,  the 
joints  should  be  "wdped"  and  not  soldered.  In  the  case  of 
the  metal  tanks  above  where  the  joints  were  soldered  on  the 
outside,  no  developer  fog  was  produced. 
,  Effect  of  Fixing  B.\ths — An  acid  fixing  bath  is  verj' 
corrosive,  and  as  far  as  is  known  no  metal  or  alloy  has  yet 
been  found  which  under  all  conditions  is  resistant  to  fixing 
baths.  The  metal  or  aUoy  to  be  satisfactory  should  with- 
stand the  following  tests: 

1 — It  should  be  free  from  corrosion  after  two  weeks'  contact 
under  tropical  conditions  with  either  fresh  or  exhausted  fixing 
baths. 

3 — It  should  not  produce  undesirable  changes  in  the  appear- 
ance of  the  bath,  such  as  (a)  precipitation  of  dissolved  constitu- 
ents, (h)  formation  of  foam  or  scum  at  the  surface  of  the  solution, 
or  (r)  objectional  discoloration  of  the  bath. 

Any  loss  in  the  rate  of  fixation  which  was  caused  by  any 
of  these  effects  would  be  sufficient  reason  for  rejection  of  the 
the  material. 

Tests  made  with  the  four  different  fixing  baths  pre\aously 
described  may  be  sununarized  as  follows: 

1 — Lead,  nickel,  Niaco,  monel,  type  metal,  and  Rezistal  steel 
are  fairly  satisfacton,'.  With  lead,  nickel,  brass,  and  Monel 
in  partially  and  completely  exhausted  fLxing  baths,  a  layer  of 
silver  plates  out  of  the  solution  on  the  metals. 

2 — Copper,  iron,  tin,  tinned  iron,  Duriron,  nickel  silver,  phos- 
phor bronze,  and  Solders  A  and  B  are  attacked  to  a  varying  ex- 
tent. They  discolor  the  bath,  and  enough  precipitation  occurs 
to  cause  them  to  be  undesirable. 

3 — Aluminium,  zinc,  galvanized  iron,  Aterite  No.  136,  and 
Nicolene  are  very  unsatisfactory.  All  corrode  badly,  the  fixing 
baths  are  covered  with  a  thick  scum,  and  hea\T'  precipitates 
are  formed.  (The  effect  of  electrolysis  on  the  rate  of  corrosion 
of  metals  and  alloys  in  fixing  baths  will  be  dealt  with  in  a  future 
paper.) 


The  results  obtained  with  a  partially  exhausted  bath  (c) 
and  comparable  with  those  found  with  the  other  fixing  baths 
are  given  in  Table  II. 

Table  II — Partially  Exhausted  Fixing  Bath  vs.  Metals  and  .Alloys 
Abbrrviatinns: 

Condition  of  solution:  NC,  no  chanjre;  F.  foam  on  surface;  Ppt..  pre- 
cipitate;     H.   ppt..  heavy  precipitate:      D,  darker  than  blank. 

Condition  of  metal:  BC.  badly  corroded;  C.  corroded;  Dp,  deposit 
on  surface;    K,  etched:    In,  incrustation:    SE,  slightly  etched,    S.  stained. 

(R)     =     Test    made    at    room    temperature. 


Metals 

Aluminium 

Zinc 

Iron 
Tin 
Copper 

Nickel 


. 24  Hrs. . 

' Condition  of . 

Solution  Metal 

Room  Temperature 
F-Ppt.  of  E 

Ag 
F-Ppt.  of  C 


-One  Week- 


Ag 
Black  ppt. 
White  ppt. 
Black  ppt. 
Slight  ppt. 
NC 


Dp 

S-SE 

Dp 

Dp 

Dp 


Solution 
(ii*°  F.) 
D-F-H.  Ppt. 

D-F-Ppt. 

D-Ppt. 

H.  ppt.  Gray 

D  (blue) -Ppt. 

Ppt. 

Ppt. 


-Condition  of . 


C-Dp 

C-Dp 

Pasty  Dp 
SE-Dp 
Thick  Dp 
Thin  Dp 
Dp 


Plated  Metals 

Galvanized  F-D-H.  C  Thick  F-H.  Ppt.    BC-Biack 

iron  ppt.  of  Ag  Dp 

Tinned  iron  NC  Dp  Ppt.  Brown-Dp 

Tropical  Temperature  UJO"  F.) 

Al,LOYS 

Nicolene               F-D-H.                 C-Dp       Black  ppt.  Ag  BC-Dp 

ppt.  jVg  -Ag  plated 

Aterite  No.  136  Ppt.              E-PoUsh           H.  ppt.  Black  BC-Dp 

gone 

Nickel  silver        NC                White  Dp        Light  green  ppt.  SE  -  Rough 

plating  Ag- 
blistered 

Solder  A                Ppt.              Thin  .Ag           H.  ppt.  Black  Dp 

plating 

Solder  B                H.  ppt.        Brown  Dp-     H.  ppt.  SE-Black 

Ag  plating  Dp 

Duriron                  D                    Black  Dp         D-ppt.  Black  Dp 

Phosphor     „       Light  ppt.        Dp-In            Ppt.  Black  Dp 

bronze    (R) 

Type  metal^      D-ppt.          Brown  Dp-     H.  ppt.  S-Dp 
Ag  plating 
^-.                                       below  Dp 

Brass    (R)            NC                    Dp                NC  Black  Dp 

Rezistal"steel       D-Ppt.         S-Ag  plate       Milky  black  Dp  -   Rust 

ppt.  near  sur- 
face 

Niaco                     Pale              White  Dp        Ppt.  Black    Dp- 

^~,                green  SE 

Monel   (R)           NC                Thin  Dp          NC  Dp 
Blank      ^            Light  yel-                              Light  yellow 

low  ppt.  Slightly  heavier 

of  sulfur  ppt. 

Effect  of  Hypo-.\luii  Toning  Bath — Almost  all  the 
metals  and  alloys  tested  exhibited  a  \ngorous  and  unde- 
sirable reaction  with  the  hypo-alum  toning  bath.  The  ex- 
periments were  conducted  for  one  week  at  a  temperature  of 
110°  to  120°  F.,  or  approximately  at  the  temperature  at 
which  the  bath  is  recommended  for  use. 

The  reaction  was  e\idenced  by  corro.sion  of  the  metal,  a 
darkening  of  the  precipitated  sulfur  in  the  solution,  and  the 
deposition  of  colored  oxides  and  sulfides  on  the  surface  of  the 
metals  and  the  container.  Lead,  nickel,  and  Monel  were 
least  affected,  but  even  these  metals  are  not  entirely  satis- 
factory with  toning  baths.  Aluminium,  copper,  zinc,  brass, 
phosphor  bronze,  and  galvanized  iron  showed  visible  cor- 
rosion. 

These  experiments  confirm  the  experience  of  Crabtree  and 
BuUock,'  that  "a  hj^po-alum  bath  in  contact  with  pure  lead 
for  one  week  is  slower  in  action  and  produces  stains,  &specially 
on  the  back  of  prints.  In  general,  a  metal  which  combines 
at  all  readily  with  nascent  sulfur  or  which  displaces  silver 
from  its  thiosulfate  is  not  suitable  as  a  container  for  h3'-po- 
alum   toning   baths." 

For  toning  solutions,  glass,  porcelain,  or  enameled  api)a- 
ratus  are  to  be  recommended  rather  than  metalUc  containers. 

The  results  found  with  the  hypo-alum  toning  bath  over 
one  week  at  a  temperature  of  110°  to  120°  F.  are  indicated  in 
Table  III. 

Effect  of  Water  or  Moisture — After  expo.sure  to  tap 
water  for  one  week  at  100°  to  120°  F.,  the  following  metals 
were  slightly  corroded  and  the  water  in  which  they  were  im- 
mersed was  filled  with  varjing  quantities  of  precipitates: 
aluminium,  iron,  zinc,  galvanized  iron,  and  tinned  iron.     Iron 
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Table    III- 

—Hypo-Alum    Toning    Bath    vs.    Metals    and    Alloys 

(Temperature  110°  F.) 

A  bbreviations: 

Condition  of  solution 

:    D,  darker  thai 

1   blank;    H.  Ppt.,  h. 

eavy  precipi- 

tate;    L,  Ughte 

r  than  blat 

ik;    NC,  no  change;    Ppt.,  precipitate 

:;  Soln.,  solu- 

tion. 

Condition 

of  metal: 

BC,  badly  corroded;    C,  corroded; 

Dp.  deposit; 

E,  etched;     In 

,  incrustation;    S,  stained; 

T.  Dp.,  thick  deposit. 

-24  Hrs. . 

' One  Week ■ 

. Condition 

Solution 

of 

Metals 

Solutio 

n            Metal 

Metal 

Aluminium 

D-H.  Ppt.  C-In 

H.  Ppt. 

BC-Dp 

Zinc 

Ppt. 

C 

H.  Ppt.-Soln. 
pale  pink 

BC-Dp 

(pink) 

Copper 

D-Ppt. 

Black  In 

D-H.  Ppt. 

T.  Dp. 
(crystal- 

Kne) 
Dp  (red) 

Iron 

D-Ppt. 

Gray  Dp 

H.  Ppt. 

Lead 

D-Ppt. 

Black  Dp 

D-H.  Ppt. 

Grey  Dp 

Nickel 

NC 

Thin  Dp 

Soln.  pale  green 

Dp 

Plated  Metals 

Galvanized 

D-Ppt. 

C-Zn  coat- 
ing removed 

L-Ppt. 

BC  T.   Dp. 

Tinned  iron 

Brown 

Brown  Dp. 

Soln.  yellow 

Dp    (yel- 

ppt. 

H.  Ppt. 

low) 

Alloys 

\ 

Phosphor 

D-Ppt. 

Powdery 

Black  Ppt. 

C-T.  Dp. 

bronze 

Dp. 

Brass 

D-Ppt. 

S-Dp. 

D-H.  Ppt. 

E-T.  Dp. 

Monel 

D 

Thin  Dp. 

Soln.  pale  green 

Black  Dp 

Blank 

Partly  filled 

Soln.  darker  gray 

with  ppt. 

ppt. 

of  su 

Ifur 

and   tinned  iron  were  the  most  corroded.     Copper,   lead, 
nickel,  Monel,  and  phosphor  bronze  were  unchanged. 

Effect  of  Dilute  Acids — Several  of  the  metals  and  alloys 
were  tested  with  solutions  of  5  per  cent  nitric  acid  and  with 
5  per  cent  sulfuric  acid  for  one  week  at  110°  to  120°  F.  The 
strips  were  examined  after  24  hrs.  and  at  the  end  of  the  week. 
As  a  rough  indication  of  the  relative  attack  of  the  two  acids, 
the  metal  strips  were  weighed  before  and  after  the  tests. 
The  results,  computed  on  the  basis  of  the  loss  in  grams  per 
100  sq.  in.  of  immersed  surface  per  day,  are  given  in  Table  IV. 

Table  IV — Effect  of  Dilute  Acids  on  Several  Metals  and  Alloys 
(Results  indicated  as  the  loss  in  grams  per  100  sq.  in.  per  day) 
5  Per  cent  Nitric  Acid  5  Per  cent  Sulfuric  Acid 

Lead  10.3  Iron  11.4 

Tin  (block)  9.4  Galvanized  iron  10.9 

Galvanized  iron  5. 8  Zinc  8.9 

Nickel  3.1  Copper  1.1 

Zinc  2.9  Aluminium  0.89 

Brass  2.7  Phosphor  bronze  0.69 

Iron  2.2  Nickel  0.69 

Copper  l.S  Tin  (block)  0.69 

Phosphor  bronze  1.1  Monel  0.69 

Monel  0.45  Brass  0.22 

0.22  Lead  None 


In  general,  the  metals  and  alloys  were  attacked  more 
strongly  by  5  per  cent  nitric  acid  than  by  5  per  cent  sulfuric 
acid.  Aluminium,  phosphor  bronze,  and  Monel  were  least 
affected  by  both  acids.  Lead  was  very  badly  corroded  by 
dilute  nitric,  but  gave  no  loss  in  weight  with  dOute  sulfuric. 
Nickel  was  corroded  by  nitric,  but  was  only  sUghtly  etched 
by  sulfuric.  Galvanized  iron  and  iron  were  badly  corroded 
by  each  acid.     On  the  whole,  Monel  metal  was  least  attacked. 

NONMETALLIC      ^M.-VTERI.^LS 

Enameled  Steel — Enameled  steel,  or  so-called  glass- 
coated  steel,  is  extensively  used  for  constructing  small  trays 
and  tanks,  and  has  proved  fairly  satisfactory,  although  the 
vitreous  coating  is  relati\-ely  brittle,  and  readily  chips  away 
if  roughly  handled.  When  the  undercoating  of  steel  is  thus 
laid  bare,  it  corrodes  very  rapidly  and  the  vessel  is  rendered 
useless.  The  coating  of  enamel  is  re.sistant  to  weak  acids 
used  in  photographic  practice,  but  with  developers  and  al- 
kaline solutions  the  surface  of  the  coating  becomes  etched 
and  roughened.  It  is  then  difficult  to  clean  and  will  be  per- 
manently discolored  by  solutions  of  dyes.  Enameled  steel 
is  very  satisfactory  for  constructing  small  developing  and 
fixing  tanks.  If  the  tanks  are  thickly  coated  and  are  not 
moved  about,  the  tendency  for  the  enamel  to  chip  is  reduced 
to  a  minimum. 


Glass — This  is  undoubtedly  the  most  satisfactory  material 
known  to-day,  but  owing  to  its  fragility  it  is  not  satisfactory 
for  large  tanks  or  trays.  Glass  apparatus  should  be  well 
annealed,  free  from  ribs,  and  the  corners  of  trays  and  tanks 
rounded  off  so  as  to  faciUtate  cleaning.  For  containing 
strong  alkalies,  resistive  glass  such  as  Pyrex  should  be  used.'" 

Impregnated  Fibrous  Materials — Such  materials  con- 
sist of  paper,  wood,  canvas,  etc.,  impregnated  with  varnish, 
wax,  shellac,  or  phenol  condensation  products  (Bakelite, 
etc.).  The  impregnation  is  usually  carried  out  by  heating 
in  vacuo,  and  then  injecting  wax  or  varnish  under  pressure. 
Trays  or  tanks  prepared  from  impregnated  paper  or  other 
fibrous  material  develop  cracks  with  use,  thus  permitting 
access  of  the  solutions  to  the  under  layers  which  are  less 
completely  protected.  Such  trays  and  tanks  are  entirely 
unsatisfactory  for  use  with  solutions  containing  strong  al- 
kahes  or  for  fixing  baths  which  are  apt  to  disintegrate  the 
fibrous  material  through  crystaUizatirm  as  explained  under 
"Porcelain  and  Glazed  Earthenware." 

Wood  impregnated  with  paraffin  wax  is  very  satisfactory 
except  in  hot  weather  when  the  wax  is  hable  to  soften." 

An  ingenious  method  of  protecting  metal  ware  such  as 
tanks  or  troughs  consists  of  first  coating  the  surface  df  the 
metal  with  cloth  or  canvas,  using  glue  as  an  adhesive,  then 
brushing  over  with  molten  paraffin  wax  (high  melting  point), 
and  finally  smootliing  off  the  surface  with  a  hot  iron.  If 
the  tank  is  rigid  such  a  coating  will  withstand  alkali  or  acid 
bleaching  solutions,  such  as  acid  permanganate. 

Lacquered  Metal — The  commonest  and  most  satis- 
factory photographic  lacquer  consists  of  asphalt  or  a  mixture 
of  asphalt  with  rubber  cement,  the  latter  serving  to  over- 
come the  sMght  brittleness  of  the  asphalt  coating.  Baked 
japan  is  very  satisfactory,  but  none  of  these  materials  will 
resist  developing  solutions  containing  a  high  percentage  of 
alkali.  Freshly  applied  asphalt  will  often  produce  a  scum 
on  the  surface  of  a  developer. 

Porcelain  and  Gl.\zed  Earthenware — Many  varieties 
of  these  materials  exist,  ranging  from  white  china  ware  to 
glazed  tile  material.  White  porcelain  is  usually  unsatis- 
factory, because  the  glaze  invariably  cracks,  forming  minute 
fissures  into  which  hypo  solution  penetrates,  and  on  drying 
the  crystallization  of  the  hypo  or  other  chemicals  expands  the 
fissures,  causing  disintegration  in  a  manner  similar  to  that  of 
ice  in  the  weathering  of  rocks.  This  is  especially  true  in  the 
case  of  open  hypo  tanks,  when  the  solution  creeps  up  the 
sides  of  the  tank,  and  it  apphes  also  to  all  biscuit  ware,  which 
is  incompletely  glazed  or  if  the  glaze  is  cracked.  Tanks  are 
now  available  of  dark  brown  earthenware  glazed  on  both 
sides,  which  are  entirely  satisfactory  for  containing  photo- 
graphic solutions,  except  very  strong  alkalies.  They  are 
especially  recommended  for  storing  ordinary  developing  and 
hypo  solutions. 

Rubber,  Rubber  Composition,  and  Nitrocellulose 
Materials — Hard  rubber  will  withstand  practically  all 
photographic  aqueous  solutions  at  normal  temperatures, 
except  oxidizing  solutions.  Hard-rubber  tanks  are  some- 
what brittle,  tend  to  buckle  out  of  shape  in  hot  weather, 
and  are  comparatively  expensive.  Nitrocellulose  is  open 
to  practically  the  same  objections.  Rubber  compositions 
usually  consist  of  sDiceous  earth  mixed  with  pitch,  asphalt, 
or  crude  oil  wax,  molded  under  heat  and  pressure.  Such 
materials  are  relatively  brittle,  warp  under  heat,  and  when 
used  as  containers  for  salt  solutions  they  disintegrate  in  the 
same  manner  as  porous  earthenware.  The  tendency  for.  this 
disintegration  to  occur  is  much  less  if  an  excess  of  binder  is 
used  so  that  the  tanks  or  trays  have  a  smooth  surface.  If 
the  material  has  a  rough  .surface  or  becomes  etched,  the 
crystals  obtain  a  better  grip  on  the  walls  and  more  strain  is 
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exerted  in  the  process  of  crystallization,  thus  causing  more 
rapid  disintegration. 

Rubber  sheeting  and  rubberized  cloth  is  often  used  for 
coating  the  inside  of  wooden  developing  trays  and  troughs, 
and  is  very  satisfactory  provided  the  rubber  is  of  good  quality 
and  free  from  excessive  filling  material.  For  handling  long 
lengths  of  wide  film  (Cirkut  film)  a  rubberized  wooden  tray 
is  ideal.  Since  solutions  used  in  a  tray  or  trough  are  usually 
discarded  after  use,  they  are  in  contact  with  the  rubber  for 
only  a  relatively  short  time,  and  therefore  more  corrosive 
solutions  can  be  used  than  in  the  case  of  a  rubber-lined  tank. 

Cheap  rubber  sheeting  or  tubing  which  contains  excessive 
fining  material,  antimony  sulfide,  and  free  sulfur  is  entirely 
unsuitable  for  use  with  developing  solutions,  because  the 
alkali  in  the  developer  reacts  with  the  sulfide  forming  thio- 
antimoniate,  wliich  produces  very  bad  chemical  fog.  Pure 
gum  rubber  is  quite  satisfactory. 

Slate  and  Alberene  Stone — These  materials  are  very 
suitable  for  constructing  large  tanks  for  containing  develop- 
ing solutions.  Alberene  stone  is  quite  satisfactory  for  con- 
taining fixing  solutions,  but  slate  is  apt  to  spht  along  planes 
of  cleavage  as  a  result  of  crystallization,  as  previously  de- 
scribed. 

Wood — Wood,  such  as  cypress,  is  extensively  used  for  con- 
structing large  tanks  for  handling  roll  and  motion  picture 
film.  Teak  is  used  for  smaller  tanks.  Wood  is  satisfactory 
for  developing,  fixing,  and  washing  purposes,  and  is  cheaper 
than  any  other  available  material.  It  has  the  disadvantage 
that  unless  strongly  braced  the  tanks  have  a  tendency  to 
warp,  and  in  many  localities  fungous  growths  accumulate 
on  the  outside  of  the  washing  tanks  and  must  be  frequently 
removed.  The  insides.of  the  tanks,  especially  wash  tanks, 
have  a  propensity  to  accumulate  slime.  Wood  also  has  the 
disadvantage  that  it  becomes  permanently  discolored  by 
solutions  of  dyes  or  other  colored  chemicals. 

Wood  should  not  be  painted,  because  alkaline  developing 
solutions  soften  the  paint  and  ultimately  cause  it  to  flake  off. 

Practical  Application  of  Results 

When  selecting  a  material  suitable  for  constructmg  any 
particular  piece  of  photograpliic  apparatus,  several  factors 
should  be  considered,  namely. 

1 — The  resistivity  of  the  material  to  the  most  corrosive  liquid 
with  which  it  will  come  in  contact.  For  instance,  a  well-gal- 
vanized iron  tank  is  quite  satisfactory  for  washing  purposes, 
but  not  for  containing  fixing  baths.  A  lead-lined  tank  is  quite 
suitable  for  fixing  baths  but  not  for  toning  baths,  because  most 
metals  are  affected  by  such  solutions. 

2 — The  effect  of  the  material  on  the  photographic  properties 
of  the  solution.  For  example,  a  copper  tank  containing  a  con- 
centrated developer  may  show  no  visible  corrosion  after  several 
days,  but  the  small  quantity  of  copper  dissolved  by  the  developer 
will  be  sufficient  to  produce  chemical  fog. 

3 — The  time  during  which  the  solution  will  be  in  contact  with 
the  material.  A  japanned  iron  metal  trough  is  suitable  for  ton- 
ing baths  if  the  solutions  are  removed  and  the  trough  well  rinsed 
after  use.  If  a  developer  is  stored  in  a  japanned  tank,  the  japan 
will  ultimately  soften  or  peel  off. 

4 — The  cost  of  the  material. 

5 — The  adaptability  of  the  material  for  construction  purposes. 
Glass,  for  instance,  is  entirely  unsuitable  for  constructing  large 
tanks  because  of  its  fragility  and  the  difficulty  of  anneaUng  such 
tanks. 

Materials  suitable  for  constructing  various  types  of  photo- 
graphic apparatus  are  as  follows: 

Trays,  Dishes,  and  Small  Tanks — Since  these  containers 
are  generally  used  for  a  variety  of  purposes,  they  should  be  re- 
sistant to  all  photographic  solutions.  Suitable  materials  are 
glass,  enameled  steel,  hard  rubber,  teak  wood  impregnated  with 
paraffin  wax,  wood  coated  with  sheet  rubber  or  rubberized  cloth, 
well-glazed  porcelain,  or  stoneware.  Small  tanks  of  Monel  metal 
are  satisfactory  for  washing  or  developing,  and  for  fixing  purposes, 


provided  the  bath  is  not  allowed  to  remain  in  the  tank  for  pro- 
longed periods. 

Deep  Tanks  (for  motion  picture  work  and  amateur  finishers)— 
Alberene  stone,  slate,  well-glazed  stoneware,  and  wood  (cypress) 
are  suitable  for  all  solutions,  including  toning  baths.  Lead- 
lined  wooden  tanks  are  suitable  for  developing  and  fixing  baths 
if  the  joints  are  lead-burned.  One  objection  to  wood  tanks 
is  that  they  have  a  tendency  to  accumulate  slime  on  the  inside 
of  the  tank.  In  the  case  of  developers  containing  a  low  per- 
centage of  alkali,  tanks  of  portland  cement  have  proved  satis- 
factory. 

Tubes  for  Developing  Machines — Hard  rubber,  lead, 
type  metal,  and  Pyrex  glass"  have  given  satisfaction.  Lead 
accumulates  a  deposit  of  silver  from  the  fixing  bath,  and  in  time 
this  tends  to  obstruct  the  tube  and  it  has  to  be  removed  by  scrap- 
ing. 

Troughs  for  Reel  Development — Glazed  stoneware  and 
wood  lined  with  sheet  rubber  or  rubberized  cloth  are  satisfactory 
for  all  solutions.  Lead  and  Monel  are  satisfactory  for  developing 
and  fixing  solutions,  provided  the  trough  is  emptied  out  after 
use.  For  acid  oxidizing  solutions  or  strong  alkalies,  the  inside 
of  the  trough  should  be  coated  with  cloth  and  this  impregnated 
by  applying  molten  hard  paraffin  wax  with  a  brush,  finally 
smoothing  off  the  surface  with  a  hot  iron.  Japanned  metal 
ware  is  only  satisfactory  for  temporary  use. 

Metal  Apparatus  (clips,  film  hangers,  etc.) — Monel  metal 
is  the  most  satisfactory  material  known,  but  it  is  not  suitable 
for  toning  solutions.  Tests  made  with  Niaco  and  Rezistal  steel 
alloys  indicate  that  their  resistivity  approaches  that  of  Monel, 
although  no  prolonged  tests  with  actual  apparatus  have  been 
made. 

Piping,  Pumps,  Faucets,  etc. — For  transporting  developing 
and  fixing  solutions,  lead  and  hard-rubber  piping  are  satisfactor>'. 
Lead  piping  joints  should  be  "wiped"  or  lead-burned,  and  not 
soldered.  Faucets  should  be  of  hard  rubber  or  stoneware, 
though  Monel  and  type  metal  are  satisfactory  for  developing 
and  fixing  solutions  if  continual  exposure  to  the  solution  is  not 
anticipated.  Brass  is  not  satisfactory  for  strongly  acid  fixing 
baths,  but  it  is  suitable  with  developers  if  the  brass  is  first  silver- 
plated  by  immersing  in  an  exhausted  fixing  bath.  Pumps 
of  Monel  and  of  phosphor  bronze  are  satisfactory  for  developers 
and  fixing  baths  if  cleaned  after  use. 

Precautions  to  Be  Taken  When  Selecting  Construction 
Materials 

1 — Do  not  permit  tin,  copper,  or  alloys  containing  these  metals 
to  come  in  contact  with  developing  solutions,  especially  concen- 
trated developers,  because  more  or  less  of  the  tin  or  copper  will 
dissolve  and  cause  chemical  fog.  Electrolysis  caused  by  contact 
of  two  different  metals  or  alloys  will  hasten  the  rate  of  solution 
of  the  metal  and  thus  increase  the  amount  of  fog  obtained. 
Soldered  joints  are  particularly  to  be  avoided  with  developers, 
but  if  such  joints  are  unavoidable  a  low-tin  solder  or  one  free  from 
tin  should  be  used  and  the  joints  so  made  that  a  minimum  of 
solder  is  exposed  to  the  solution. 

2 — For  fixing,  toning,  and  acid  oxidizing  solutions  such  as  acid 
permanganate,  avoid  metal  whenever  possible.  If  a  metal  must 
be  used,  lead  is  the  most  suitable  for  fixing  baths,  but  electro- 
lytic corrosion  sets  in  if  the  joints  are  not  lead-burned. 

3 — For  fixing  baths  or  strong  saline  solutions,  avoid  porous 
materials  such  as  incompletely  glazed  earthenware,  impregnated 
fibrous  materials,  or  rubber  compositions,  because  crystallization 
of  the  salts  within  the  pores  of  the  materials  causes  disintegration 
in  a  manner  similar  to  that  of  ice  in  weathering  rocks. 

4 — Avoid  cheap  rubber  tubing  or  other  materials  containing 
free  sulfur  or  metallic  sulfides  for  use  with  developing  solutions, 
because,  as  a  result  of  the  action  of  the  alkali  in  the  developer, 
soluble  alkaline  sulfides  which  cause  chemical  fog  are  formed. 
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Pyrex  Glass  Plant  Equipment 

By  A.  E.  Marshall' 

3034  St.  Paul  St.,  Baltimore,  Md. 

CHEMICAL  engineering,  considered  from  a  somewhat 
narrow  angle,  is  the  translation  of  chemical  manufac- 
turing processes  from  the  small  or  laboratory  scale  to 
tonnage  production  in  factories.  Small-scale  experiments 
are  usually  carried  out  in  glass  apparatus,  with  the  result 
that  corrosion  troubles  are  not  given  much  consideration 
until  the  chemical  engineer  is  faced  with  the  design  of  a  small 
commercial  plant  incorporating  the  results  of  the  laboratory 
work. 

Chemical  corrosion  of  the  materials  to  be  used  in  construc- 
tion immediately  assumes  importance,  as  the  plant  equipment 
cannot  be  a  mere  multiplication  of  the  laboratory  apparatus. 
The  liter  flask  of  the  laboratory  has  to  become  a  still,  retort, 
or  kettle  of  several  hundred  gallons  capacity,  the  Liebig  or 
spiral  condenser  has  to  be  changed  to  a  design  capable  of 
handling  50  or  more  gallons  per  hour,  and  V4-iii-  glass  tubes 
used  for  connections  have  to  be  converted  into  6-  or  8-in. 
pipes.  In  each  piece  of  equipment  corrosion  will  enforce 
limits  as  to  materials  employed,  and  the  final  design  will 
quite  likely  be  a  compromise  of  several  materials,  each  se- 
lected with  reference  to  corrosion  conditions  at  certain  points. 
The  introduction  of  industrial  Pyrex  as  a  plant  construc- 
tion material  has  enabled  the  engineer  to  translate,  within 
limits,  laboratory  practice  directly  into  plant  equipment, 
and  to  secure  the  freedom  from  corrosion  enjoyed  by  the  re- 
search chemist.  The  present  limits  of  manufacture  are  not 
final,  but  are  capable  of  some  further  expansion,  as  is  indi- 
cated by  the  progression  of  sizes  in  the  past  eighteen  months 
of  development  work.  There  is,  of  course,  a  limit  to  the  size 
of  Pyrex  articles  introduced,  through  structural  considera- 
tions, but  so  far  the  present  manufacturing  possibilities  have 
not  reached  the  safe  limits  set  by  the  engineering  factors 
of  plant  design. 

Familiar  Properties  of  Pyrex 

Pyrex  glass  has  become  familiar  to  most  of  us  as  laboratory 
ware  and  domestic  cooking  utensils.  The  laboratory  ap- 
paratus has  given  proof  of  its  resistance  to  heat  and  chemical 
corrosion,  and  the  baking  ware  has  demonstrated  ruggedness 
under  constant  handling.  Sudden  heat  shock  is  also  a  feature 
of  most  of  the  domestic  applications,  the  conditions  frequently 
being  more  strenuous  than  in  plant  uses.  A  cold  pie  plate 
put  into  an  oven  heated  to  400°  F.  has  to  meet  a  greater  ther- 
mal shock  than  the  large  evaporating  dish  used  on  a  steam 
bath  in  a  chemical  jjlant. 

1  Consulting  Engineer,  Corning  Glass  Works. 
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The  utiUzation  of  materials  that  have  become  familiar 
through  use  in  other  fields  is  a  feature  of  recent  chemical 
engineering  work.  As  evidence  there  can  be  cited  the  use 
of  Bakelite,  hard  rubber,  stainless  steel,  chromium-nickel 
alloys,  etc.  Each  of  these  has  advantages  as  a  resistant  ma- 
terial for  certain  limited  purposes,  £^nd  finds  a  corresponding 
specific  field  of  apphcation.  Pyrex  glass,  because  of  its  re- 
sistance to  most  acids  combined  with  excellent  thermal 
properties,  has  a  wide  field  of  industrial  use  with  limits  set  by 
design  of  parts  and  possibilities  of  manufacture. 

Engineering  Properties  of  Pyrex 

Before  proceeding  to  a  discussion  of  industrial  applications, 
it  is  desirable  to  list  briefly  the  various  properties  wliich  have 
to  be  taken  into  consideration  from  the  engineering  standpoint. 

Specific  gravity"  2.25 

Specific  heat"  0.20 

Elasticity  coefficient"  6230  kg.  per  sq.  mm. 

Linear  expansion  coefficient'* 

(19"  to  350°  C.)  0.0000032  per  "■  C. 

Thermal  conductivity"  0.0027 

Dielectric  strength'  20  kv.  per  100  mil  thickness 

Specific  inductive  capacity  •  5.75  to  5.78 

Electrical  resistivity  (volume)*  10^*  ohms 

Electrical  resistivity  (surface)'  10'*  ohms  at  34  per  cent  humidity 

5  X   10»  ohms  at  84   per  cent  hu- 
midity 
"  Corning  Glass  Works  Laboratory. 

General  Electric  Company  Laboratory, 
"  Bureau  of  Standards. 

The  chemical  properties  wliich  affect  design  are  mainly 
corrosion  resistances  at  various  temperatures. 

The  mineral  acids,  with  the  exce])tion  of  hydrofluoric  and 
phos])li(irii-.  have  no  appreci:ibk"  action  on  Pyrex  up  to  their 
respective  Injiling  points.  Initially,  there  is  a  very  slight  sur- 
face attack,  the  figure  for  constant  boUing  hydrochloric 
acid  being  0.000006  g.,  and  for  fuming  sulfuric  0.000002  g. 
per  sq.  cm.  per  hr.  This  initial  action  is  succeeded  by  a 
state  of  practical  stability. 

In  the  case  of  phosphoric  acid,  the  attack  produces  cry.s- 
tallization  at  the  glass  surface  and  makes  accurate  determi- 
nations of  solubility  rather  difficult.  An  average  figure 
arrived  at  by  the  Corning  laboratories  is  0.0027  g.  per  sq.  cm. 
per  min.  Hydrofluoric  acid  does  not  attack  Pyrex  as  readily 
as  other  glasses,  this  being  a  matter  of  knowledge  possessed 
by  all  laboratory  workers  who  have  tried  to  etch  beakers  or 
flasks.  The  action  is,  however,  sufficient  to  jjrevent  any  se- 
rious consideration  of  the  use  of  Pyrex  plant  for  In-drofluoric 
acid  or  fluoride  production. 

Quite  recently  a  question  was  raised  as  to  the  use  of  Pyrex 
in  acetic  anhydride  manufacture,  and  it  was  found  that  no 
measurable  attack  occurred  in  5  hrs.  at  the  fuming  tempera- 
ture. 

Present  Limitations  of  Shape  and  Size 

Previous  mention  has  been  made  of  limits  imposed  by  pres- 
ent processes  of  manufacture.  Such  limits  are  of  consider- 
able importance  to  the  engineer  who  is  considering,  as  a  pre- 
liminary stage,  the  use  of  a  new  material  for  construction 
work.  Without  this  information  changes  in  the  final  design 
may  be  found  necessary  in  order  to  bring  certain  parts  within 
the  existing  limits  of  manufacture. 

Industrial  P3Tex  is  made  by  various  methods,  the  most  im- 
portant being  pressing  and  blowing.  Accessories  for  plant 
use,  such  as  tees,  tubulated  vessels,  etc.,  are  produced  in  very 
much  the  same  way  as  the  smaller  ordinary  glass  articles 
made  by  the  laboratory  glass  blower,  except  that  much  higher 
temperatures  are  involved. 

Hemispherical  evaporating  dishes  are  examples  of  pressed 
ware,  the  largest  available  size  lioing  24  in.  in  diameter. 
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More  difficult  shapes  call  for  a  reduction  in  size — drier  trays, 
for  instance,  being  practicable  up  to  12  x  18  x  3  in.  Sharp 
angles  are  undesirable  in  pressed  ware  and  should  always  be 
avoided. 

Blowing  into  molds  gives  an  externally  controlled  size  with 
an  opportunity  to  vary  wall  thicknesses  in  accordance  with  the 
use  of  the  equipment.  Parts  lor  condensers  may  have  a 
wall  thickness  of  Vis  to  '/s  in.,  whereas  tower  sections  or 
large  socket  pipes  can  be  made  ^/s  in.,  or  even  heavier. 
The  Imiits  of  blown  ware  are  approximately  15  gal.  for  necked 
vessels  and  12-in.  diameter  for  socket  pipes. 

The  limits  for  pressed  and  blown  articles  are,  of  course, 
subject  to  upward  revision,  as  the  present  sizes  represent  less 
than  two  years'  development  work.  As  an  example  of  the 
enlargement  of  sizes,  it  is  of  interest  to  remember  that  less 
than  a  year  ago  a  10-liter  Pyrex  dish  was  an  achievement, 
whereas  to-day  the  24-in.  dish  has  a  capacity  of  30  liters. 

Applications  in  the  Industries 

The  growth  of  uses  for  industrial  Fj-rex  has  showii  a  marked 
increase  in  recent  months,  due  no  doubt  to  results  of  earlier 
tests  wth  single  pieces. 

Generally,  the  industrial  applications  fall  within  four  dis- 
tinct classifications: 

1 — Uses  where  acid  resistance  is  important 

2 — Uses  where  purity  of  product  is  essential 

3 — Uses  where  control  is  facilitated  by  transparency 

4 — Uses  where  resistance  to  thermal  shock  is  desirable 

Under  Class  1  would  be  grouped  Hart  condenser  tubes, 
S-bend  nitric  acid  condensers,  pipe  Imes  for  acid  gases  and 
liquids,  acid  distillation  sets,  and  ex-perimental  towers. 

Class  2  comprises  such  uses  as  pipe  lines  for  liquid  food 
products,  evaporating  and  crj'stalMzing  dishes  for  pharma- 
ceuticals, fine  chemicals,  etc.,  tanks  for  precious  metal  solu- 
tions, and  drier  trays  for  alkaloids,  biologicals,  etc. 

Class  t3  uses  are  limited  but  interesting:  sight  glasses  for 
stiUs,  retorts,  etc.,  gage  tubes  for  tanks,  boilers,  etc.;  sight 
pipe  sections  for  distilling  columns;  and  sight  pipe  sections  for 
chamber  plants. 

Class  4  uses  merge  at  times  into  Class  1,  as  heat  and 
acid  resistance  are  often  companion  factors  for  consideration. 
The  following  appUcations  are  based  largely  on  heat-proof 
quaUties:  receivers  for  hot  liquids,  fiat  pans  for  vacuum  and 
atmospheric  driers,  and  tubular  condensers  for  organic 
liquids. 

Methods  of  Construction  and  Use 

Most  of  the  items  listed  above  do  not  involve  special  con- 
struction features.  However,  in  using  Pyrex  equipment  it  is 
essential  to  remember  that,  wliile  it  has  an  extremely  low  co- 
efficient of  expansion,  direct  flame  is  to  be  avoided. 

Pipe  lines  call  for  special  designs  if  flanged  joints  are  in- 
volved, and  special  cements  when  joints  are  of  the  socket  or 
bell  and  spigot  type.  Flanged  pipe  lines  cannot  be  made  up 
by  directly  bolting  two  faces  together,  so  an  extra  spht-metal 
flange  is  used  behind  the  PjTex  flange  and  kept  out  of  direct 
contact  by  a  rubber  gasket.  The  metal  flange  may  be  cast 
aluminium  or  pressed  steel.  A  gasket  between  the  glass  faces 
is  desirable,  and  this  may  take  the  form  of  a  silver-asbestos 
corrugated  gasket  similar  to  the  copper  automobile  type,  or 
one  of  the  special  rubberized  fabrics  which  is  resistant  to  the 
liquid  or  gas  handled  in  the  pipe  line. 

In  the  case  of  cements,  it  is  ])referable  to  adopt  mixtures 
which  will  remain  plastic  in  use.  Hard-setting  cements  are 
liable  to  cause  trouble  through  expansion.  Generally,  the 
use  of  a  soft  asbestos  cord  or  rope  filler  at  the  base  of  the 
socket  joint  will  be  found  advantageous,  and  with  a  plastic 
■cement  will  give  flexibility  to  the  line. 


The  Effect  of  Velocity  on  the  Corro- 
sion of  Steel  in  Sulfuric  Acid' 

By  W.  G.  Whitman,  R.  P.  Russell,   C.  M.  Welling,  and 
J.  D.  Cochrane,  Jr. 
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Theory 

IT  HAS  been  recognized  for  some  time  that  there  is  a 
distinct  difference  in  the  processes  governing  the  corro- 
sion of  steel  under  acids  and  under  natural  waters.  The 
fundamental  equation  in  both  cases,  however,  as  pointed 
out  by  Whitney,'^  is  undoubtedlj' 

Fe  +  2H+  ;^  Fe++  +  2H  (1) 

The  rate  at  which  this  reaction  progresses  is  dependent  on 
a  number  of  factors,  among  wiiich  are  the  following:  (1) 
metal,  (2)  hydrogen-ion  concentration,  (3)  ferrous-ion  con- 
centration, and  (4)  removal  of  hydrogen. 

Metal — The  tendency  for  a  pure  metal  to  corrode  is 
determined  by  its  position  in  the  electromotive  series.  This 
factor  is  usually  of  minor  importance,  being  obscured  by 
such  effects  as  protective  or  nonprotective  oxide  or  other 
films,  overvoltage  to  the  evolution  of  hydrogen  gas,  and  the 
physical  condition  of  the  surface.  In  commercial  steels 
and  irons  the  presence  of  elements  other  than  iron  or  of 
products  of  corrosion  on  the  surface  of  the  metal  may  ma- 
terially change  the  overvoltage  and  the  consequent  ease  of 
Uberatiiig  gaseous  hydrogen. 

Acidity — Acidity  is  measured  by  the  hydrogen-ion  con- 
centration of  the  solution,  rather  than  by  normahty.  For 
example,  the  hydrogen-ion  concentration  of  5  A'  and  2  A^^ 
solutions  of  different  acids  is  shown  below.^ 


5N 

2A' 

HNOj 

2.08 

1.48 

Equivalents  hydrogen 

HCl 

2.01 

1.39 

ion  per  liter 

HjSO. 

1.84 

1.01 

H3PO. 

0.816 

0.360 

HAc 

0.013 

0.006 

Increasing  acidity  increases  the  tendency  to  corrode  by 
increasing  the  electromotive  force  for  hydrogen  gas  evolution. 
The  passifjing  action  exhibited  by  various  strong  oxidizing 
acids  is  generally  accredited  to  a  rapidly  formed  film  of 
adherent  oxide  on  the  metal  surface,  and  has  no  direct  rela- 
tion to  the  acidity  of  the  solution. 

Ferrous-Ion  Concentr.ation — The  law  of  mass  action 
shows  that  increased  ferrous-ion  concentration  should  retard 
the  rate  of  corrosion.  In  practice,  however,  the  effect  of 
other  factors  is  so  much  more  important  that  ferrous  ion 
probably  plaj's  a  minor  role  in  the  process. 

Removal  of  Hydrogen — The  rate  at  which  hydrogen 
is  removed  is,  in  general,  the  most  important  factor  deter- 
mining the  progress  of  corrosion.  It  is  dependent  on  several 
important  variables,  and  a  study  of  this  factor  as  affected 
by  these  variables  offers  the  most  logical  method  for  investi- 
gating the  process  of  corrosion  in  acids. 

Hydrogen  can  be  removed  in  two  w-aj's — by  evolution  of 
gaseous  hydrogen,  according  to  the  reaction 

2H  ^  Ho.  (2) 

or  by  depolarization  by  oxidation,  either  by  dissolved  oxygen 

2H  +  V2  Oo  :^  H,0  (3) 

or  by  some  other  oxidizing  agent. 

The  main  variables  are  noted  below  under  the  process 
which  they  control  and  will  be  discussed  in  the  following 
paragraphs. 

1  Published  as  Contribution  No.  79  from  the  Department  of  Chemical 
Engineering,  M.  I.  T. 

2  J.  Am.  Chem.  Soc,  26  (1903),  394. 

'  Landolt-Bornstein.   5th  ed.,  p.   1104   (from  conductivity  data) 
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Removal  by  Evolution  of  Hydrogeri  Gas.  Hydrogen  gas 
is  evolved  by  an  electrode  reaction  and  is  therefore  dependent 
upon  the  hydrogen-ion  concentration  (acidity),  the  over- 
voltage,  and  the  potential  of  the  metal.  Potential  of  the 
metal  and  acidity  have  already  been  discussed,  and  their 
effect  can  be  quantitatively  calculated  for  the  case  of  a 
reversible  electrode.  Overvoltage,  on  the  other  hand,  is 
a  variable  factor  dependent  upon  the  specific  conditions. 
Among  other  things  it  is  a  function  of  the  condition  and 
composition  of  the  metal  surface,  the  rate  of  gas  evolution, 
and  the  work  done  against  surface  tension  in  forming  the 
bubbles  of  hydrogen.'' 

Oxidation  of  Hydrogen.  A  number  of  investigators^''-" 
have  shown  that  the  rate  at  which  iron  corrodes  under  natural 
waters  is  largely  determined  by  the  rate  at  which  dissolved 
oxygen  can  diffuse  in  to  the  metal  surface  to  remove  the 
polarizing  film  of  hydrogen.  This  action  of  dissolved  oxj'gen 
occurs  in  a  similar  manner  in  acid  solutions,  and  although 
its  effect  in  some  cases  may  be  overshadowed  by  other  re- 
actions which  also  remove  hydrogen,  it  can  become  of  pre- 
dominating importance  under  certain  circumstances.  Hy- 
drogen may  be  removed  by  other  oxidizing  agents,  and  it 
is  highly  probable  that  the  liigh  corrosion  with  dilute  nitric 
acids  is  due  to  oxidation  by  the  acid  itself. 

Previous  Work 

Friend  and  Dennett'  made  the  following  experiments 
on  the  effect  of  velocity  on  the  corrosion  of  iron  in  dilute 
sulfuric  acid.  A  disk  of  pure  iron  foil,  attached  horizontally 
to  the  lower  end  of  a  vertical  bronze  axle  and  insulated  by 
means  of  two  rubber  washers,  was  rotated  at  various  speeds 
in  a  glass  tank  containing  sulfuric  acid.  The  amount  of 
iron  dissolved  was  determined  by  titration  with  perman- 
ganate. 

From  a  consideration  of  the  results,  Friend  and  Dennett 
drew  the  following  conclusions: 

(1)  Different  concentrations  of  acid  give  practically  the  same 
results  at  a  given  velocity. 

(2)  The  rate  of  solution  is  directly  proportional — within 
the  error  of  the  experiment — to  the  velocity  of  rotation. '  Even 
at  4000  revolutions,  corresponding  with  a  rim  velocity  of  35 
miles  per  hour,  there  is  no  sign  of  falling  off  in  the  rate  of  solu- 
tion. Evidently,  therefore,  the  solution  of  iron  in  acid  is  a 
different  process  from  the  corrosion  of  iron  in  aerated  water. 
In  the  latter  case,  corrosion  ceases  at  a  velocity  of  3  to  5  miles 
per  hour. 

Friend  also  concluded  that  these  results  showed  the  corro- 
sion process  to  be  "one  of  solution  of  the  metal,  aided  by 
the  presence  of  dissolved  salts." 

An  analysis  of  these  results  of  Friend  and  Dennett,  how- 
ever, brings  to  light  the  following  facts: 

(1)  The  experiments  were  carried  out  at  different  temper- 
atures, and  if  corrected  roughly  for  this  difference  by  means  of 
the  data  quoted  earlier  in  their  article,  the  discrepancies  between 
values  at  low  speeds  of  rotation  become  marked. 

(2)  The  experimental  error  at  these  low  concentrations  is 
so  great  that  no  definite  conclusions  can  be  drawn  from  the  data 
obtained  in  this  range. 

(3)  The  range  of  acidity  covered  is  very  narrow. 

(4)  The  statement  that  corrosion  is  proportional  to  velocity 
is  obviously  erroneous,  since  their  straight  line  passes  through 
unity  and  not  through  the  origin. 

The  above-mentioned  work  was  started  by  Friend  in  an 
endeavor  to  determine  whether  increased  velocity  had  the 
same  effect  in  acid  that  Heyn  and  Bauer'  had  observed  in 

I      *  Maclnnes  and  Contieri,  J.  .int.  Chem.  Soc.  41  (1919),  2013. 

•      'Walker,  Proc.  Am.  Electrochem.  Sac,  14  (1908),  175. 

'  Speller  and  Kendall.  This  Journal,  IS  (1923),  134.  Q  1 

'  Wilson,  /6,<i.,  15  (1923),  127.  I    ^^j 

»  J.  CAcm.  5oc.  (London),  121  (1922),  41.  V  j  "T- 

»  Mitteilungen  koniglichen  Materialprufungsamt,"  28  (1910).  93. 


moving  water — namely,  that  corrosion  ceased  at  a  very  low 
velocity.  Friend  had  himself  subsequently  noted  the  same 
effect  in  water,'"  although  the  critical  velocity  was  100  per 
cent  greater.  Sjjeller  and  Kendall*  and  investigators  in 
this  laboratory  did  not  check  these  results,  but  found  that 
the  corrosion  increased  conisistently  throughout  the_whole 
velocity  range  covered  in  Friend's  investigations. 

Present  Investig.\tion 

In  order  to  gain  a  better  insight  into  the  mechanism  of 
corrosion  under  acids,  it  was  decided  to  expand  the  field 
touched  by  Friend  and  Dennett.  It  was  further  felt  that 
a  knowledge  of  the  essential  factors  would  be  of  value  in 
dealing  with  the  corrosion  problem  in  commercial  iicid  in- 
stallations. 

The  program  was 
outlined  to  include  a 
study  of  the  effect  of 
velocity  on  the  corro- 
sion of  steel  by  sulfuric 
acid  in  strengths  of 
from  0.005  to  5  A^  and 
at  peripheral  speeds 
varying  from  0  to  12 
ft.  per  sec,  under  at- 
mospheres of  air,  nitro- 
gen, and  oxygen. 

Apparatu  s — T  h  e 
shaft  shown  in  Fig.  1 
was  driven  by  a  'A-h.  p. 
motor,  running  at  1780 
r.  p.  m.,  connection  be- 
ing made  by  means  of  a 
small  leather  belt.  The 
lower  end  of  the  shaft 
carried  the  steel  in  the 
form  of  a  cylinder  ap- 
proximately 0.7  in.  di- 
ameter, 2.19  in.  of  which 
were  exposed  to  the 
action  of  the  acid.  By 
varying  the  pulleys  it 
was  possible  to  obtain 
speeds  of  from  2.50  to 
4000  r.  p.  m.  without  ex- 
cessive swirling  of  the 
acid.  Electrical  con- 
tact between  the  driving 
.shaft  and  the  cylinder 
was  prevented  by  a 
hard-rubber  connector 
into  which    the  driving 


-3£^j9/Ne 


co/mrcro/f 


r/G./ 


shaft  was  screwed,  the  cylinder  being  forced  into  a  hole  in  the 
bottom  of  the  rubber  connector  drilled  about  0.001  in.  smaller 
than  the  head  of  the  test  piece.  The  rubber  cap  was  used  to 
prevent  corrosion  at  the  bottom  of  the  cylinder,  so  that  all  ac- 
tion on  the  steel  would  be  on  the  sides,  thus  giving  an  accurate 
knowledge  of  the  velocity  of  the  surface  through  the  liquid. 

Before  inserting  the  cylinder  in  either  the  rubber  connector 
or  the  cap.  the  steel  was  heated  slightly  and  immersed  in  paraffin, 
which  when  cool  made  a  perfect  seal,  preventing  any  acid  from 
eating  under  the  ends  of  the  cylinder. 

To  cut  down  the  swirling  action  of  the  liquid  as  much  as 
pos.sible,  two  "swirl  breakers"  were  constructed  of  glass  rod. 
These  consisted  of  a  series  of  U's  which  stood  upright  in  the 
beaker  and  re.sisted  the  motion  of  the  liquid. 

The  steel  used  was  unannealed,  and  of  the  following  analysis: 
C,  0.12  per  cent;  Mn,  0.38  per  cent;  P,  0.0.53  per  cent;  S,  0.034 
per  cent;  Si,  trace.  A  microphotograph  showed  this  to  be  an 
excellent  sample  as  regards  uniformity  and  absence  of  segregation 

Experime.ntal  Method — Before  the  beginning  of  each 
run,  the  metal  surface  was  smoothed  by  pojishing  with  both 
coarse  and  fine  emery  paper,  and  washing  thoroughly  with 

10  Friend,  "The  Corrosion  of  Iron,"  CarneRie  .Scholarship  Memoirs 
11  (1922). 
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distilled  water,  alcohol,  and  ether  just  before  immersing  the 
steel  in  the  acid.  To  determine  accurately  the  amount  of 
surface  exposed,  the  diameter  of  the  cylinder  was  measured 
each  time  with  a  micrometer.  After  immersion,  the  speed 
of  rotation  was  determined  by  means  of  a  Hasler  speed 
indicator,  ten  readings  being  taken  for  each  run  (lasting 
45  min.). 


per  minute  for  sulfuric  acids  of  varying  concentration.  It 
will  be  noted  that  the  corrosion  at  rest  varies  considerably 
with  the  acidity,  as  follows: 
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At  the  end  of  the  run  the  steel  was  washed  with  water 
to  remove  any  dissolved  iron  adhering  to  the  shaft.  The 
iron  content  of  the  acid  was  determined  immediately  by 
titration  with  permanganate.  It  is  interesting  to  note  in 
this  connection  that,  while  care  was  taken  to  insure  complete 
reduction  to  the  ferrous  state  either  by  stannous  chloride 
or  metaUic  zinc,  it  was  found  that  titration  with  perman- 
ganate directly  gave  results  almost  identical  with  those  after 
reduction,  showing  that  practically  all  the  iron  was  in  the 
ferrous  state,  even  in  the  oxygen  runs.  The  temperature 
was  kept  constant  at  23°  C.  ±  2°  bj'  immersing  the  beaker, 
in  a  crock  of  water,  the  temperature  of  which  was  readily 
controlled. 

In  the  work  of  Friend  and  Dennett,'"  the  same  piece  of 
metal  was  used  throughout  to  avoid  as  much  as  possible  the 
variations  in  both  chemical  and  physical  properties.  In 
this  work,  on  account  of  the  large  amount  of  corrosion  during 
the  investigation  and  unavoidable  loss  on  polishing,  it  was 
found  impossible  to  use  the  same  cj'linders  throughout. 
However,  by  using  three  pieces  from  the  same  steel  bar,  it 
was  found  that  runs  made  under  similar  conditions  gave 
close  checks.  When  a  run  was  to  be  made  under  an  atmos- 
phere of  nitrogen,  the  acid  was  first  boiled  to  expel  all  dis- 
solved gases.  A  watch  glass  was  then  put  over  the  contain- 
ing vessels  and  a  slow  current  of  nitrogen  bubbled  through 
the  liquid  during  the  cooling  process.  During  the  run  itself 
the  beaker  was  covered  with  a  perforated  watch  glass,  through 
which  the  dri^dng  shaft  fitted,  the  gas  being  led  in  over  the 
surface  at  a  fairly  rapid  rate.  It  was  found  necessary  to 
deoxygenate  the  nitrogen  by  passing  through  a  chain  of 
bottles  containing  pjTogallol. 

In  oxygen  runs,  the  gas  (99.9  per  cent  pure)  was  bubbled 
through  the  acid  for  half  an  hour  and  the  run  made  exactly 
as  in  the  case  of  nitrogen. 

Results — Fig.  2  gives  a  plot  of  corrosion  as  milligrams  of 
iron  dissolved  per  square  centimeter  per  hour  vs.  revolutions 


With  the  exception  of  the  most  dilute  acid,  corrosion  de- 
creases with  increasing  velocity  at  the  start,  passes  through 
a  minimum,  and  increases  beyond  that  point.  This  minimum 
is  realized  at  higher  velocities  for  the  stronger  acid  than  for 
the  weaker  ones.  It  is  significant  that  the  corrosion  of  all 
these  acids  is  the  same  at  the  maximum  velocity  of  4000 
r.  p.  m. 
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Note:  Zimmermann-Reinhardt  method,  used  in  runs  with  0.0280 
KMnOi;  300  cc.  HjS04  used  in  run;  100  cc.  for  titration.  In  case  of  0  00717 
KMnOi,  reduction  with  Zn,  300  cc.  HiSOt  used,  made  up  to  500  cc.  at  end 
of  run;  .50-cc.  sample  taken  for  titration. 

.\verage  surface  exposed  to  action  of  acid  =  33.2  sq.  cm 

Three  titrations  made  in  each  run. 

Fig.  3  shows  the  corrosion  as  milligrams  of  iron  dissolved 
per  square  centimeter  per  hour  plotted  against  the  revolutions 
per  minute  for  0.33  N  sulfuric  acid  under  atmospheres  of 
oxygen,  air,  and  nitrogen.     Since  the  ordinate  scale  on  this 
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plot  is  different  from  that  in  F'g.  2,  it  is  convenient  to  note 
that  the  curve  for  air  on  this  plot  corresponds  to  the  0.33  A^ 
curve  in  Fig.  2.  It  will  be  observed  that  the  oxygen  curve 
shows  no  perceptible  minimum,  and  that  the  corrosion  at 
high  velocity  is  far  greater  than  that  observed  in  any  other 
run.  The  nitrogen  curve  is  lower  than  the  air  curve  and 
shows  the  same  initial  drop  at  low  velocities,  but  is  prac- 
tically horizontal  after  reacliing  the  minimum  point.  As 
a  rough  approximation,  it  may  be  stated  that  the  average 
difference  in  corrosion,  at  the  same  velocity,  between  the 
nitrogen  and  ox'ygen  curves  is  four  times  the  difference  be- 
tween the  air  and  nitrogen  curves. 

Discussion  of  Results 

Accuracy  of  Data — The  accuracy  of  the  method  employed 
can  be  judged  by  a  consideration  of  the  specimen  data  sheet 
and  the  experimental  points  on  Figs.  2  and  3.  The  data 
sheet  (p.  674)  shows  a  characteristic  set  of  values  and 
the  range  of  deviation  between  different  runs.  Each  point 
is  located  by  the  average  of  at  least  two  runs,  which 
checked  within  10  per  cent.  A  series  of  experiments  for 
different  lengths  of  time  show  the  average  rate  of  corro- 
sion to  be  10  per  cent  greater  in  a  1.5-min.  run  than  in  a  run 
of  45  min.,  the  latter  being  10  per  cent  greater  than  for  a 
2-hr.  run.  This  difference  is  due  probably  to  a  film  of  carbon 
which  is  exposed  as  the  steel  corrodes  and  which  partially 
protects  the  metal  surfaces.  All  the  experiments  noted  in 
this  paper  ran  for  45  min.  While  it  is  probable  that  more 
interference  by  carbon  was  encountered  in  runs  where  tlie 
corrosion  was  considerable,  the  results  were  not  seriously 
affected  by  this  factor. 

Two  Corrosion  Processes — The  results  indicate  clearly 
that  two  processes  of  corrosion  are  proceeding  in  the  case 
of  aerated  acids.  The  first  process,  corrosion  with  the 
evolution  of  hydrogen  gas,  occurs  alone  in  the  runs  under 
nitrogen  and  will  be  called  "Corrosion  by  Hydrogen  Gas 
Evolution."  The  second  process  occurs  together  with  the 
first,  in  runs  under  air  or  oxygen,  and  will  be  called  "Corro- 
sion by  Oxygen  Depolarization."  Fig.  4  shows  the  corro- 
sion by  each  process  and  the  total  corrosion  for  5  N  and  0.33  A'^ 
acids. 

Corrosion  at  Rest — Fig.  2  shows  that  the  corrosion  by 
acid  at  rest  under  air  varies  considerably  with  acidity,  al- 
though the  relationship  between  total  corrosion  and  hydrogen- 
ion  concentration  is  by  no  means  linear.  Indeed,  such  a 
relation  would  not  be  expected,  since  overvoltage  varies  with 
the  rate  of  gas  evolution.  Fig.  3  shows  that  corrosion  with 
oxygen  is  about  30  per  cent  greater  than  with  air,  while 
with  nitrogen  it  is  10  per  cent  lower.  These  results  mean 
that  corrosion  is  occurring  mainly  through  the  process  of 
gas  evolution,  and  that  oxygen  depolarization  is  of  secondary 
importance.  Expressed  quantitatively,  the  corrosion  by 
hydrogen  gas  evolution  is  0.8  mg.  (nitrogen  curve)  for  0.33  A'^ 
acid,  and  about  0.15  mg.  by  depolarization  with  o.\-ygen  from 
the  air  (difference  between  nitrogen  and  air  curves).  It 
is  not  expected  that  different  steels  would  corrode  at  this 
same  rate,  since  overvoltage,  and,  hence,  gas  evolution,  is 
dependent  upon  the  properties  of  the  metal. 

Corrosion  at  Low  Velocities — At  low  velocities  corro- 
sion decreases,  except  with  the  most  dilute  acid.  This  is 
undoubtedly  caused  by  a  decrease  in  corrosion  by  gas  evolu- 
tion, rather  than  by  decrease  in  oxygen  depolarization.  It 
will  be  observed  that  this  drop  holds  over  a  greater  velocity 
range  with  the  stronger  acids  where  hydrogen  gas  is  evolved 
in  considerable  amounts.  Furthermore,  the  nitrogen  curve 
of  Fig.  3  shows  this  same  characteristic  decrease,  while  it 
is  not  noticeable  in  the  oxygen  run  or  in  the  curve  for  0.0043  A'^ 
acid  of  Fig.  2. 


Corrosion  at  High  Velocities — At  high  velocities  corro- 
sion of  all  acids  under  air  reaches  the  same  value  at  4000 
r.  p.  m.  This  means  definitely  that  at  high  velocity  acid 
concentration  is  a  negligible  factor  in  the  corrosion  of  steel 
by  aerated  acid  over  the  acid  strength  in  question.  The 
runs  with  nitrogen,  air,  and  oxygen  prove  just  as  definitely 
that  oxygen  depolarization  is  predominating  in  importance. 
At  the  highest  velocity  the  relative  corrosion  for  these  three 
is  as  follows: 

Nitrogen  1.0 

Air  .5.0 

O.xygen  15.0 

If  the  nitrogen  run  is  considered  to  show  corrosion  by  hydro- 
gen gas  evolution,  while  oxygen  depolarization  in  the  air 
and  oxygen  runs  causes  additive  corrosion,  the  oxygen  de- 
polarization in  the  two  cases  will  be 


Air 
O-vygen 


5.0  -  1.0 
15.0  -  1.0 


The  ratio  of  these  two  is  1 :  3.5.  It  would  normally  be  pre- 
dicted that  this  ratio  should  be  the  same  as  the  ratio  of  oxygen 
in  the  air — i.  e.,  1:  4.8.  The  discrepancj^  between  these  two 
ratios  may  be  largely  explained  by  the  fact,  previously 
noted,  that  a  carbon  residue  on  the  steel  surface  cuts  down 
the  effective  area  of  metal,  and  that,  in  runs  of  equal  time 
interval,  this  decrease  should  be  more  marked  in  runs  where 
the  corrosion  is  greatest.  Corrosion  under  oxygen  would 
therefore  be  less  in  these  experiments  than  if  the  surface 
could  be  maintained  free  from  deposited  carbon. 

Reasons  for  Decreased  Gas  Evolution  with  Increased 
Velocity 

The  most  logical  theory  yet  advanced  to  explain  the  de- 
crease in  corrosion  with  increased  velocity  was  suggested 
by   Maclnnes'^  work   on   overvoltage. 
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otal  corrosion  A 

1  by  hydrogen  gas  evolution  B  E 

I  by  oxygen  depolarization  C  F 

On  this  plot  Curves  A,  D,  and  E  are  experimentally  determined  and  the 
points  are  given  in  Fig.  2  or  3.  Curve  F  is  obtained  approximately  by 
difference  between  the  ordinates  of  D  and  E.  Curve  C  parallels  Curve  F 
but  is  lower  because  corrected  for  increased  viscosity  and  decreased  oxygen 
solubility  of  acid.  Curve  B  is  obtained  from  the  difference  between  A  and 
*C,  but  its  lower  end  is  independently  determined  by  experiment;  the  data 
are  shown  by  a  cross. 


676 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,[No.  7 


From  a  study  of  hj'drcgen  gas  evolution  from  electrodes 
of  platinum  and  other  metals  -with  very  small  currents, 
noting  the  location  and  size  of  the  bubbles,  Maclnnes 
found  among  other  things  that: 

(1)  During  the  process  of  gas  evolution  the  overvoltage 
fluctuated  regularly  with  the  process  of  bubble  formation,  passing 
through  a  minimum  just  as  the  bubble  disengaged  from  the 
surface;  rising  rapidly  immediately  thereafter,  and  passing 
through  a  maximum;  diminishing  as  a  new  bubble  formed  and 
grew  in  size;  again  reaching  the  minimum  when  this  new  bubble 
disengaged. 

(2)  The  bubbles  were  always  evolved  from  definite  pomts. 

(3)  The  over\-oltage  was  much  greater  at  the  beginnmg  of 
an  experiment  than  after  bubbles  had  once  been  formed. 

(4)  The  overvoltage  was  less  in  experiments  under  pressure 
and  greater  in  those  under  vacuum. 

Maclnnes'   theory  to  explain  these  re.sults  is  essentially  as 
follows: 

Overvoltage  is  a  phenomenon  obser\-ed  only  when  gas  is 
evolved,  and  is  due  primarily  to  the  energy  required  to  form 
gas  bubbles  against  surface  tension.  It  would  therefore  require 
more  over\-oltage  to  form  small  bubbles  than  large  ones,  and  the 
over^'oltage  would  decrease  as  a  small  bubble  grew  in  size.  After 
a  bubble  had  disengaged  from  the  surface,  the  overvoltage  would 
rise  owing  to  the  difficulty  of  starting  a  new  bubble.  From  the 
facts  that  the  bubbles  always  appeared  at  certain  definite  points, 
and  that  the  overvoltage  required  to  start  the  first  bubble  was 
abnormally  high,  Maclnnes  concluded  that  a  minute  gas  nucleus 
was  retained  by  the  metal  when  a  bubble  was  broken  off.  The 
absence  of  this  nucleus  at  the  beginning  of  an  experiment  would 
explain  the  very  high  overvoltage  required  for  the  formation  of 
the  first  bubble!  The  pressure  and  vacuum  effects  were  explain- 
able on  the  grounds  that  more  gas  could  be  concentrated  into 
a  bubble  under  pressure  for  the  same  area  of  bubble  surface 
than  was  the  case  under  vacuum.  As  a  result  the  over\-oltage 
(surface  tension  effect)  would  be  greater  under  vacuum,  smce 
more  surface  would  be  requhed  for  the  same  weight  of  gas. 

Follovsdng  these  theories,  the  decrease  in  corrosion  under 
nitrogen  with  velocity  obser\^ed  in  this  work  can  be  explained 
in  two  waj's: 

(1)  Increased  velocity  increases  the  force  tending  to  tear 
away  bubbles,  and  hence  decreases  the  size  of  bubbles.  With 
smaller  bubbles  the  work  against  surface  tension  is  increased 
and  gas  evolution  decreases. 

(2)  The  gas  nuclei  which  are  left  on  the  metal  after  a  bubble 
disengages  are  thrown  off  when  the  shaft  is  rotated,  and  corro- 
sion decreases  because  of  the  high  overvoltage  required  to  form 
bubbles  in  the  absence  of  nuclei. 

The  enormous  decrease  in  gas  evolution  with  velocity  is 
clearly  brought  out  by  Cur\-e  B  of  Fig.  4,  where  corrosion 
under  nitrogen  at  4000  r.  p.  m.  is  approximately  one-third 
of  the  corrosion  at  rest.  This  decrease  is  much  more  pro- 
nounced with  the  stronger  acids  and  apparently  all  strengths 
of  acid  would  evolve  hydrogen  at  the  same  rate  at  a  velocity 
somewhat  higher  than  4000  r.  p.  m.  These  results  indicate 
that  the  molecular  hydrogen  escapes  directly  as  a  gas  rather 
than  dissolving  in  the  solution.  If  the  latter  were  true,  in- 
creased velocity  should  increase  corrosion  by  making  it  easier 
for  dissolved  hj'drogen  to  diffuse  away  from  the  shaft. 

Re.\soxs  for  Ixcreased  Oxygen  Depolahization /mxH 
Increased  Velocity 

Depolarization  by  dissolved  oxj^gen  is  fundamentally  a 
diffusion  phenomenon,  controlled  by  the  general  laws  govern- 
ing the  diffusion  of  energy  or  matter  through  fluid  films. 
Dissolved  ox\'gen  in  the  main  body  of  acid  must  diffuse 
through  the  thin  film  of  Hquid  adhering  to  the  metal  surface 
before  it  can  react  with  hydrogen  at  the  surface,  and  it  is 
the  rate  of  this  diffusion  which  determines  the  rate  of  de- 
polarization. The  main  factors  affecting  diffusion  in  this 
equipment  are  oxj'gen  concentration,  velocity,  and  ^^scosit}•. 
The  rate  of  diffusion  should  be  directly  proportional  to  oxygen  • 
concentration,  a  fact  proved  by  Wilson  for  corrosion  under 


natural  waters.  Speller  and  Kendall'  demonstrated  the 
effect  of  velocity  and  temperature  on  diffusion.  By  analogy 
with  diffusion  processes  in  heat  transfer,"  it  can  be  pre- 
dicted that  diffusion  will  increase  as  the  0.8  power  of  the 
ratio  of  velocity  over  viscosity,  and  the  data  of  Speller  and 
Kendall  check  this  approximation  with  reasonable  accuracy. 

The  data  in  this  paper  were  obtained  at  constant  temper- 
ature, the  acid  was  saturated  with  gas,  and  the  only  \nscosity 
effect  was  due  to  differences  in  acids  employed.  The  maxi- 
mum velocity  obtained,  4000  r.  p.  m.,  corresponds  to  a  surface 
speed  of  12  ft.  per  sec.  If  the  o.xj'gen  effect,  obtained  by 
subtracting  the  nitrogen  curve  of  Fig.  .3  from  the  air  or 
oxygen  curve,  is  plotted  against  velocity,  a  fairly  regular 
increase  is  observed  over  the  whole  range  (Curve  F,  Fig.  4), 
although  the  data  are  not  sufficiently  accurate  to  show  the 
exact  function.  It  can  therefore  be  concluded  that  the 
marked  effect  of  oxj'gen  depolarization  is  truly  a  diffusion 
phenomenon  and  obeys  the  general  laws  of  diffusion. 

It  is  ob\-ious  that  the  approximate  data  of  Friend  with 
weak  acids,  which  he  described  as  showing  corrosion  increas- 
ing linearly  with  velocity,  were  obtained  under  conditions 
which  em])hasized  oxj'gen  depolarization.  Friend's  conclu- 
sion, that  "the  solution  of  iron  in  acid  is  a  different  process 
from  the  corrosion  of  iron  in  aerated  water,"  is  true  only  to 
the  extent  that  in  acids  (wo  processes  are  acting  to  remove 
hydrogen,  while  only  one  of  them  operates  in  natural  water. 

Conclusions 

Corrosion  proceeds  by  the  two  processes  of  hydrogen  gas 
evolution  and  depolarization  bj'  dissolved  oxj^gen. 

Corrosion  at  rest  is  primarily  determined  by  the  rate  of 
hydrogen  gas  evolution,  particularly  -nith  the  stronger  acids. 

The  effect  of  velocity  is  to  decrease  the  rate  of  the  hydrogen 
gas  evolution.  Velocity  decreases  the  size  of  hydrogen 
bubble  or  throws  off  the  gas  nuclei  which  aid  bubble  forma- 
tion, and  hence,  by  increasing  the  work  to  be  done  in  forming 
hydrogen,  increases  the  overvoltage. 

Velocity  increases  corrosion  by  oxj-gen  depolarization, 
since  it  thins  do^Ti  the  effective  film  through  which  oxj'gen 
must  diffuse.  At  high  velocities  the  oxj-gen  effect  becomes 
so  predominating  that  acids  varj-ing  five  hundred  fold  in 
concentration  give  the  same  corrosion. 

The  net  corrosion  pbser\-ed,  being  the  sum  of  two  effects, 
is  chieflj-  determined  bj-  gaseous  hj'drogen  evolution  at  very 
low  velocities  and  by  oxygen  depolarization  at  high  ve- 
locities, and  passes  through  a  minimum  point  in  the  inter- 
mediate ranges. 
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At  a  recent  meeting  of  the  Electric  Steel  Founders'  Research 
Group,  executives  of  the  five  electric  steel  foundries  conducting 
cooperative  research  work  discussed  various  phases  of  the  re- 
search being  done  to  improve  the  quality  of  steel  castings  and 
increase  efficiency  in  methods.  Formal  reports  were  read,  giving 
the  status  of  present  research  investigations  on  facing  sand 
mixtures,  core  sand  mixtures,  electric  furnace  practice,  heat 
treatment  of  steel  castings,  production  control,  and  porosity 
in  castings,  and  plans  were  made  for  conducting  research  in- 
vestigations   on    additional    steel    foundry    problems. 
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New  Applications  of  Phenol  Resins  in 
the  Chemical  and  Allied  Industries 


By  L.  V.  Redman 


LITE  Corporation.  Redma 


,  Chicago.  III. 


THE   phenol  resins  continue  to  find  wider  applications 
in  the  industries  on  account  of  their  physical  and 
chemical  properties,  and  these  applications  are  in  the 
allied  fields  rather  than  directly  in  the  chemical  industry. 

The  most  striking  new  application  in  the  chemical  field 
is  the  use  of  laminated  phenol  products — sold  under  such 
trade  names  as  Bakelite-DUecto,  Bakelite-Micarta,  Lami- 
nated-Redmanol,  Formica,  Condensite-Celeron  and  Fibroc — 
for  the  manufacture  of  octagonal  plating  barrels  in  cyanide 
solutions  and  nonconducting  conveyor  chains  in  cyanide  plat- 
ing. The  laminated  phenol  products  have  sufficient  resis- 
tance to  cyanide  solutions  to  give  good  life  and  wear  in  this 
mechanical-chemical  application. 

The  use  of  the  pure  phenol  resins  as  a  transparent  medium 
for  measuring  cylinders  and  conductivity  ceOs  for  hydi-ofluoric 
acid  is  of  academic  interest  only.  The  pure  resins  are  un- 
affected by  hydrofluoric  acid  solutions,  and  furnish  trans- 
parent vessels  for  this  use. 

The  laminated  products  made  from  phenol  resins  and 
woven  fabrics  are  finding  a  new  and  extended  use  as  pump 
valves  and  pump-valve  disks  in  deep  oil  wells  and  in  uses 
where  corrosive  animal  by-products,  such  as  slaughter-house 
refuse,  are  handled  in  pumps.  These  woven,  laminated 
phenol-resin  fabrics  are  also  rapidly  replacing  other  materials 
as  silent  gears  in  washing  machines  for  household  use  and 
in  power  laundries.  The  material  is  not  only  silent  as  a 
gear,  but  it  resists  the  dampness  and  corrosive  effects  of 
cleaning  materials.  It  is  replacing  rawhide  gears  wherever 
rodents  are  a  possible  menace — for  example,  in  basements, 
mines,  etc. 

These  products  are  also  used  as  accurate  gears  for  vernier 
adjustments  on  radio,  high-class  phonograph  motors,  and 
on  printing  presses.  Their  use  is  also  extendmg  rapidly  in 
the  mechanical  field  for  high-speed  jigs,  drills,  lathes,  etc., 
where  a  minimum  of  noise  during  operation  is  desu'able. 

In  the  automatic  telephone,  the  laminated  phenol-resin 
products  have  replaced  or  are  replacing  thin,  hard  rubber 
as  the  insulation  used  in  the  automatic  piles,  since  the 
phenol  resins  when  properly  made  have  no  "cold  flow,"  and 
the  automatic  piles  when  locked  do  remain  firmly  locked  and 
do  not  rattle  after  months  of  use,  as  they  would  do  if  the 
insulation  had  a  cold  flow.  These  mechanical  properties  of 
rigidity  or  nonflowing  under  pressure  from  bolts  and  screws 
have  given  the  phenol  resins  a  very  extended  use  in  the  radio 
industry. 

In  the  radio  it  is  not  onlj'  necessary  to  have  accuracy-  of 
dimensions  in  order  to  give  satisfactory  adjustment  of  the 
instrument,  but  it  is  also  necessary  that  these  accurate  ad- 
justments be  maintained — in  other  words,  that  the  material 
from  which  the  set  is  made  does  not  creep  or  fall  out  of  align- 
ment.    The  phenol  resins  fulfil  this  function  admii-ably. 

In  the  mechanical  field  these  new  chemical  products  are 
finding  extended  use  in  automatic  pencU  barrels,  high-grade 
buttons  for  the  clothing  industry,  door  knobs  and  handles, 
elevator  dashpots,  mechanical  parts  on  typewriters  and  add- 
ing machines,  and  a  multitude  of  other  uses  which  need  not  be 
mentioned  here. 

One  further  interesting  meclianical  application  that  might 
be  mentioned  is  tiie  replacement  of  porcelain  by  phenol 
plastics  wherever  violent  shock  is  liable  to  break  porcelain, 
as  in  the  discharge  of  high-power  guns  on  iiattleships. 


Laboratory  Corrosion  Tests 

By  W.  S.  Calcott 

E.  I.  Dv  Pont  de  Nemours  &  Co  ,  Wilmington,  Del. 

THE  laboratory  corrosion  test  about  to  be  discussed 
involves  relatively  little  that  is  new,  most  of  the 
points  involved  having  already  been  brought  out. 
It  represents  a  combination  of  factors  found  necessary,  in 
our  experience,  to  obtain  consistent  and  accurate  results 
capable  of  being  applied  to  plant  design  with  some  degree 
of  confidence  that  the  apparatus  constructed  will  have  the 
predicted  life.  The  test  evolved  as  the  result  of  combining 
these  factors  has  been  found  to  give  quite  satisfactory  re- 
sults for  the  class  of  work  for  which  it  is  intended — testing 
materials  for  their  suitability  for  constructing  plant  and  semi- 
works  equipment. 

The  general  method  employed  for  determining  the  rate  of 
corrosion  consists  in  exposing  the  specimen  to  the  action  of 
the  corrosive  agent  for  a  definite  time  and  determining  the 
loss  of  weight  per  unit  area,  the  result  obtained  varying  widely 
with  slight  variations  in  test  conditions.  While  no  published 
method  gives  sufficient  detail  to  be  used  as  a  general  method, 
the  following  method  has  been  found  to  give  results  aijpli- 
cable  to  plant  design,  provided  the  exact  plant  conditions 
of  temperature,  concentration,  impurities,  movement  of 
Uquid,  etc.,  are  carefuUy  taken  into  consideration.  In  es- 
tablisloing  tliis  test,  the  chief  sources  of  variation  investigated 
and  standardized  were:  shape  of  test  piece,  volume  of  solution, 
temperature,  time  of  exposure,  and  method  of  cleaning  test 
pieces.  The  effect  of  each  of  these  variables  was  separately 
investigated  in  order  to  permit  the  establishment  of  definite 
and  reproducible  test  conditions. 

The  method  of  expressing  results  used,  while  somewhat 
novel,  has  been  found  to  be  extremely  convenient  from  the 
purely  practical  point  of  view.  The  test  is  made  in  the 
usual  way,  the  corrosion  rate  being  found  as  loss  of  weight 
per  unit  area  per  unit  time.  In  order  to  reduce  the  results 
to  a  comparable  basis,  however,  so  that  data  on  materials 
of  widely  differing  density,  as,  for  instance,  lead  and  alumin- 
ium, can  be  compared,  the  loss  of  weight  is  recalculated  to  the 
equivalent  thickness  of  metal  removed.  The  unit  arbi- 
trarily taken  is  inches  penetration  per  month.  This  system 
has  the  further  advantage  that  the  corrosion  rate  itself  gives 
an  appro.ximate  idea  of  the  probable  life  of  a  given  piece  of 
apparatus  under  a  given  set  of  conditions,  as  the  thickness 
of  metal  divided  by  the  corrosion  rate  gives  the  life  of  the 
apparatus  in  months.  Where  the  metal  under  test  jiits 
badly,  the  simple  loss  of  weight  is,  of  course,  not  a  fair  measure 
of  the  effective  rate  of  corrosion,  as  a  small  hole  due  to  pitting 
can  cause  just  as  complete  failure  as  a  general  thinning 
of  the  entire  surface.  In  this  case,  the  corrosion  rate  is  es- 
timated in  this  laboratory  by  grinding  down  the  entire  sur- 
face of  the  test  piece  until  the  bottom  of  the  pits  is  just 
reached,  this  point  being  determined  by  microscopic  ex- 
amination. The  combined  loss  of  weight  in  the  corrosion 
test  proper,  plus  the  loss  in  the  subsequent  grinding,  is  taken 
as  the  measure  of  the  true  or  effective  rate  of  corrosion. 

Shape  of  Test  Piece 

The  shape  of  test  piece  has  already  been  investigated  to 
some  extent,  but  was  reinvestigated  in  this  laboratory  for 
the  especial  purpose  of  determining  the  effect  of  slight  vari- 
ations such  as  may  occur  between  different  test  pieces.  As 
an  edge  is  exposed  to  attack  from  two  directions,  while  a 
plane  surface  is  exposed  from  only  one,  the  rate  of  corrosion 
should  be  somewhat  greater  in  the  case  of  the  test  piece 
with  tiie  larger  ratio  of  edge  to  surface.     This  was  verified 
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by  exposing  cast-lead  test  strijis  to  the  action  of  20  per  cent 
hydrochloric  acid  at  25°  C,  wlien  it  was  found  that  the  rate 
of  corrosion  increased  slightly  (from  5.8  to  6.2  mils)  as  the 
ratio  of  edge  to  surface  increased  from  3  to  8. 


Ratio 
ngth  of  Edge 
Area 


Corrosion 
In./Mo. 

3.17  0.0058 

3.88  0.0052 

5.56  0.0055 

8.52  0.0062 

The  eifect  was,  however,  quite  small,  so  that  a  considerable 
variation  in  tliis  factor  is  permissible. 

Volume  of  Solution 

Another  factor  obviously  entering  into  the  equation  is  the 
volume  of  solution  as  compared  with  the  surface  exposed  to 
action.  If  enough  metal  dissolves  to  alter  the  composition 
of  the  test  solution  appreciably,  the  resulting  corrosion  rate 
may  be  greatly  affected. 

The  magnitude  of  the  affection  depends  on  the  degree  of 
alteration  of  the  corroding  liquid,  but  maj'  easily  amount  to 
100  per  cent.  For  instance,  a  lead  test  piece  in  100  cc.  of 
dilute  acetic  acid  showed  a  corrosion  rate  of  0.0035  in.,  and 
in  400  cc.  a  rate  of  0.0066  in. 


LSAD  Dissolved 

IN 
80  per  cent  Acetic 
80  per  cent  Acetic 
80  per  cent  Acetic 
98  per  cent  Acetic 

98  per  cent  .\cetic  (Satd.  with  PbAcj) 
10  per  cent  HCl 
10  per  cent  HCl  (Satd.  with  PbAcs) 

For  moderate  rates  o'f  corrosion  (less  than  0.01  in.)  this 
factor  was  therefore  standardized  at  250  cc.  per  test  piece 
of  4.6  sq.  in.  area,  as  with  tliis  amount  of  solution  the  change 
in  composition  due  to  dissolved  metal  is  insufficient  to  alter 
the  rate  of  corrosion  perceptibly.  For  higher  rates  an  error 
is,  of  course,  introduced,  but  in  this  case,  as  the  rate  would 
be  too  liigh  to  permit  of  plant  use  of  the  material  under  test, 
the  error  is  for  practical  purposes  of  minor  importance. 

Temperature 

The  exact  temperature  of  the  test  has  also  been  found  to 
be  of  extreme  importance.  Experimentally,  it  has  been  found 
that  the  effect  of  temperature  upon  the  rate  of  solution  can 
be  expressed  by  the  following  equation  within  the  range 
20°  to  100°  C: 


Solution 

Rate 

Cc. 

In./Mo. 

100 

0.0035 

200 

0.0065 

400 

0.0066 

250 

0  0006 

250 

0.0024 

250 

0.0138 

250 

0.0105 

log  C   =  A  +  BT 

or  ^^  =  2.303BC,  §  =  KC 

C     =    E*   +   BT 

^  =  KE*  +  "T 

From  this,  the  change  in  the  rate  of  corrosion  with  changing 
temperature  should  be  an  exponential  function  of  the  tem- 
perature. Our  experiments  indicate  a  change  in  the  rate  of 
corrosion  of  from  I  to  3  per  cent  per  degree  centigrade,  a 
variation  of  sufficient  magnitude  to  necessitate  very  accurate 
temperature  control. 

Time  of  Exposure 

In  investigating  the  effect  of  time  on  exposure,  an  unex- 
pected result  was  found.  The  rate  of  corrosion,  calculated 
to  a  comparable  basis,  was  found  to  be  a  function  of  the  time 
of  exposure.  Generally  speaking,  the  corrosion  rate  calcu- 
lated from  a  short  exposure  was  found  to  be  greatly  in  excess 
of  that  calculated  from  a  long  one.  This  point  is  illustrated 
by  the  figures  obtained  on  mild  steel  in  93  per  cent  sulfuric 
acid  at  22°  to  27°  C. 
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Time 

Rate 

Time 

Rate 

Hrs. 

In./Mo. 

Hrs. 

In./Mo. 

1.0 

0.0308 

145.0 

0.U018 

3.0 

0.0129 

216.0 

0.0014 

6.2 

0.0103 

409  0 

0.0017 

26.7 

0.0071 

727.0 

0.0019 

49.5 

0.0032 

1028.5 

0.0010 

91.5 

0.0027 

In  this  case,  the  rate  of  corrosion  decreased  from  an  initial 
rate  of  0.0308  in.  to  a  final  steady  rate  of  0.0015  in.,  a  de- 
crease of  95  per  cent  from  the  rate  of  the  first  hour  and  75 
per  cent  from  that  of  the  first  24  hrs.  This  high  initial  rate 
is  not  uniformly  encountered.  Aluminium  in  nitric  acid,  for 
instance,  shows  a  nearly  uniform  rate  of  corrosion  from  the 
beginning.  The  effect  is  probably  due  to  initial  electro- 
chemical surface  phenomena,  compUcated  by  the  slow  for- 
mation, in  some  cases,  of  a  protective  coat.  The  phenomenon 
occurs  with  sufficient  frequency,  however,  so  that  the  results 
of  a  short  test  (less  than  48  hrs.)  are  Hkely  to  be  seriously 
in  error.  For  accurate  work  it  has  been  found  advisable 
to  run  the  test  for  two  periods  of  48  and  96  lirs.,  respectively, 
the  difference  between  the  two  weight  losses,  calculated  on 
the  4S-hr.  basis,  being  taken  as  the  true  rate  of  corrosion. 
This  figure  will  frequently  differ  materially  from  that  ob- 
tained over  the  short  period,  sometimes  by  several  hundred 
per  cent,  and  in  general  wiU  be  somewhat  different. 

Prepar.\tion  of  Test  Piece 

The  method  of  preparing  the  test  piece  has  been  found  to 
be  of  relatively  Uttle  importance,  provided  tool  marks  and 
deep  scratches  are  removed  before  testing.  Polishing  seems 
to  be  unnecessary  or  even  disadvantageous,  through  alter- 
ing the  surface  composition  of  the  metal.  The  final  cleansing 
can  be  done  either  by  treating  the  test  piece  with  a  solvent 
for  the  corrosion  product  but  not  for  the  metal,  or  by  clean- 
ing with  a  mild  abrasive.  The  second  method  is  of  more 
general  apphcabilit'y  than  the  first. 

Procedure 

The  test  as  actually  used,  incorporating  these  points, 
follows : 

Reagents  and  Appar.\tus — Corroding  Solution.  Use 
250  cc.  of  the  corroding  solution  per  test  piece  of  given  area 
(4.6  sq.  in.)  for  fairlj^  rapid  corrosion  rate  (0.01  in.  penetration 
per  month).  The  volume  should  be  increased  in  proportion 
for  pieces  of  greater  area. 

Prepar.\tion-  of  the  S.ample — Metal  Test  Piece.  Size 
2  x  1  X  0.1  in.  (area  4.6  sq.  in.).  Dimensions  should  be 
accurate  to  0.01  in.  in  order  to  save  time  of  measurement 
and  area  calculated  in  the  laboratory.  Other  shapes  may  be 
used  within  a  range  of  ratio  of  length  of  edge  to  total  area  of 
test  piece  between  4  and  8. 

Preparation.  The  strip  of  indicated  size  may  be  cut  from 
flat  sheet  metal  or  turned  from  pipe.  Tool  marks  should 
be  removed  by  successive  use  of  file  and  emery.  Exceedingly 
fine  finishes  are  unnecessary,  but  the  surface  should  be  clean 
and  reasonablj'  smooth. 

Detailed  Procedure — Standard  Static  Corrosion  Test. 
Place  the  corroding  solution  in  a  flask  or  wide-mouth  bottle 
and  bring  to  the  temperature  of  the  test.  Maintain  this 
temperature  to  at  least  1°  C.  in  a  carefully  regulated  thermo- 
stat. Suspend  the  test  piece  upon  a  glass  hook  from  a  stopper 
of  such  a  size  as  to  fit  the  flask  or  the  bottle  loosely.  The 
stopper  must  be  made  of  a  material  which  vri\l  be  unaffected 
by  the  corroding  solution.  Immerse  the  test  piece  in  the 
solution  when  it  reaches  the  proper  temperature,  closing  the 
bottle  or  flask  with  the  stopper.  If  the  test  is  being  made 
at  a  high  temperature,  a  reflux  condenser  must  be  used, 
taking  care  to  prevent  the  condensate  from  running  dii'ectly 
onto  the  test  piece. 
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The  highest  accuracy  is  desirable.  Expose  the  test  piece 
for  48  hrs.  to  the  corroding  solution.  Remove  from  the 
solution,  wash  thorouglily  in  a  stream  of  water,  and  remove 
any  coating.  This  cleaning  may  be  done  by  dissolving  off 
the  coating  (lead  sulfate  in  ammonium  acetate  solution, 
lead  chloride  in  hot  water,  etc.),  or  by  rubbing  and  scouring 
with  or  without  a  soft  powder  as  a  mild  abrasive.  Do  not 
adopt  any  method  of  cleaning  until  the  error  due  to  its  use 
has  been  determined.  Weigh  the  test  piece  after  thoroughly 
drying,  especiaUj'  wping  out  the  hole  by  wliich  it  was  sus- 
pended on  the  glass  hook.  Immerse  the  test  piece  in  the 
corroding  solution  for  a  second  48-hr.  period.  Care  should 
be  taken  that  while  drying  and  making  the  first  weight  no 
oil  or  grease  is  allowed  to  get  on  the  test  piece  by  handling, 
since  this  would  give  low  results.  After  the  second  4S-hr. 
immersion,  clean  and  weigh  again,  as  described  above.  From 
the  loss  during  the  last  48  hrs.  calculate  the  average  rate  of 
corrosion  (t  =  48  hrs.)  as  indicated  under  "Calculations." 

Run  a  check  test  simultaneously.  Never  place  test  pieces 
of  different  metals  in  the  same  container.  It  is  permissible 
to  place  two  pieces  of  the  same  metal  in  the  same  container, 
but  they  should  not  be  in  contact. 

In  case  the  metal  develops  pitting,  this  factor  must  be  in- 


cluded in  the  results,  since  failure  in  any  case  wiU  occur  when 
a  pit  has  entirely  penetrated  the  metal.  Determine  the 
magnitude  of  tliis  effect  by  grinding  down  on  a  metallo- 
graphic  grinding  set  until  all  the  pits  have  just  disappeared 
and  soUd  metal  is  reached.  The  loss  in  weight  during  this 
grinding  is  determined  and  the  pitting  calculated  as  indi- 
cated. 

CALCULATIONS 

If  W   =   loss  in  weight  in  grams  of  test  piece  during  second 
•48-hr.  immersion 

A     =   area  of  test  piece  in  square  inches 
S     =   density  of  metal  in  grams  per  cubic  centimeter 
t     =   time   of   exposure   in   hours    (i  =  48) 
then  C     =   rate  of  chemical  corrosion  expressed  as  inches  pene- 
trated per  month  = 


24  X  30  X  W 

(2,54) 'ASi 


or  43.9 


ASi 


In  order  to  calculate  the  pitting  corrosion, 

let  P  =  loss  in  weight  in  grams  due  to  grinding  out  pits, 
then  D  =  rate  of  penetration  of  metal  by  both  normal  cor- 
rosion over  the  entire  surface  and  local  action  due  to  pitting, 

W  4-  P 
D  =  43.9  X  -j^ 


The  Simultaneous  Combustion  of  Hydrogen  and  Carbon 

Monoxide' 
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PRACTICALLY  all 
our  industrial  fuels 
— coal,  producer  gas, 
water  gas,  fuel  oil,  etc. — 
decompose  in  the  course  of 
burning  to  form  carbon 
dioxide,  water  vapor,  car- 
bon monoxide,  and  hydro- 
gen. Any  hydrocarbons 
present  in  the  early  stages 
of  combustion  are  con- 
sumed first,  so  that  after  a 
very  brief  interval  the  only 
combustible  gases  remain- 
ing are  hydrogen  and  car- 
bon monoxide.''*  In  burn- 
ing coal,  for  example,  a 
combustion  chamber  six 
times  the  size  required   to 

burn  all  the  hydrocarbons  may  be  needed  to  consume 
the  last  traces  of  hydrogen  and  carbon  monoxide.-  The 
scientific  design  of  a  combustion  space  depends,  therefore, 
on  an  exact  knowledge  of  the  combustion  of  carbon  monoxide 
and  hydrogen,  since  they  are  the  controUing  factors  in  de- 
signing the  smallest  combustion  space  to  give  a  predetermined 
stack  loss. 

In  view  of  the  fact  that  the  reactions 

2H2  4-  O2  =  2H2O  and  2CO  -|-  O2  =  2CO2 
are  industrially  of  the  greatest  importance,  at  first  glance 

'  Presented  before  the  Section  of  Gas  and  Fuel  Chemistry  at  the  e4th 
Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa,,  September 
4  to  8,  1922. 

'  Contribution  No,  33  from  Department  of  Chemical  Engineering, 
*  Numbers  in  text  and  table  refer  to  bibliography  at  end  of  article. 


In  contrast  to  the  views  of  other  investigators,  a  study  of  the  simul- 
taneous combustion  of  hydrogen  and  carbon  monoxide  shows  that 
between  900°  and  1500°  C.  both  reactions  are  trimolecular: 
2C0  +  O,  =  2C0, 
2H,  -1-  O2  =  2HJ0 

The  ratio  of  the  velocity  constants  for  these  two  reactions  is 


kCO 
2.86.  showing  that  hydrogen  burns  2.86  times  as  fast  as  carbon 


There  is  considerable  evidence  that  the  mechanism  of  combustion 
of  either  hydrogen  or  carbon  monoxide  alone,  with  or  without  cata- 
lytic surfaces,  is  different  from  the  combustion  of  a  mixture  of  these 
two  gases  in  the  ordinary  industrial  furnace  where  both  gases  are 
burning  simultaneously . 

The  possibility  of  obtaining  a  lower  slack  'oss  on  an  overburdened 
gas-fired  furnace  or  increasing  production  by  the  use  of  a  gas  with 
increased  hydrogen  content  is  pointed  out. 


it  seems  strange  that  rela- 
tively little  is  known  about 
them.  On  the  other  hand, 
when  one  considers  the 
speed  of  these  reactions,  the 
temperature  produced  by 
the  large  amount  of  heat 
evolved,  the  marked  effect 
of  catalyzers  (surfaces), 
and  the  difficulty  of  con- 
trolling mixing,  the  lack  of 
exact  data  is  not  surprising. 
Owing  to  turbulence  it  is 
even  difficult  to  measure 
the  exact  time  the  combus- 
tible gases  have  been  burn- 
ing with  the  oxygen.  The 
literature  indicates  that 
little  is  known  quantita- 
tively of  the  rates  of  these  reactions,  either  actual  or  relative 
to  one  another,  and  that  there  is  serious  doubt  as  to  their 
order — i.  e.,  whether  bimolecular  or  trimolecular. 

PREViotJS  Investigations 

Falk,'  after  investigating  the  ignition  temperatures  of  hydrogen, 
carbon  monoxide,  and  mixtures  of  these  gases  with  oxygen, 
states  that  the  reaction  between  hydrogen  and  oxygen  is  bimolec- 
ular— i,  e.,  one  H2  molecule  reacts  with  one  O2  molecule,  presum- 
ably to  form  H2O2,  which  in  turn  is  broken  down  to  H2O  -f-  O — and 
that  the  reaction  between  carbon  monoxide  and  oxygen  is 
trimolecular  (2CO  4-0.=  2CO2). 

Bodenstein,*  on  the  other  hand,  measuring  the  reaction 
velocity  directly,  concluded  that  at  600°  C.  the  combustion  of 
hydrogen  was  trimolecular  (2H2  -|-  02  =  2H2O),  and  that  the 
rate  of  the  reaction  was  proportional  to  the  ratio  of  surface  of 
the  container  to  its  volume. 
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Rowe,'  on  recalculating  Bodenstein's  work,  found  the  results 
obtained  could  be  explained  as  well  as  on  the  hypothesis  of  the 
reaction  being  bimolecular,  but  concluded  that  the  instability 
of  hydrogen  peroxide  at  high  temperatures  justified  considering 
the  reaction  trimolecular. 

Carter'  found  that  hydrogen  peroxide  was  the  first  product 
of  the  combustion  of  hydrogen  at  low  pressures  of  80  mm.  of 
mercury,  but  that  no  hydrogen  peroxide  was  formed  during 
combustion  at  atmospheric  pressure. 

Rideal,'  catalytically  oxidizing  hydrogen  and  carbon  monoxide 
in  the  presence  of  one  another  at  low  temperatures  (100°  to  400° 
C),  concluded  that  the  combustion  reactions  were 

H2  +  O2  =  H2O2  =  H2O  +  O  and  CO  +  'A  O2  =  CO2 
Bone  and  collaborators,*  by  exploding  mixtures  of  methane, 
hydrogen  and  oxygen  and  methane,  carbon  monoxide  and  oxygen, 
came  to  the  conclusion  that,  while  the  "mass  influence"  of  hydro- 
gen was  proportional  to  the  square  of  its  concentration,  that  of 
the  carbon  monoxide  was  in  accordance  with  the  first  power. 
In  other  words,  they  found  that  the  reactions  were 

2H2  +  02  =  2H2O  (trimolecular)  and  CO  +  O  =  CO2 

(dimolecular) 

Bone  and  Haward,'  studying  the  rates  of  explosion  of  hydrogen- 
oxygen,  carbon  monoxide-oxygen,  and  hydrogen-carbon  monox- 
ide-oxygen mixtures,  found  that  the  hydrogen-oxygen  mixture 
on  explosion  reached  a  ma.\imum  pressure  rapidly  (0.005  sec), 
whereas  the  carbon  monoxide-oxygen  mixtures  reached  the 
maximum  pressure  rather  slowly  (0.17  sec).  However,  even 
small  quantities  of  hydrogen  (4  per  cent  by  volume)  accelerated 
the  carbon  monoxide-oxygen  explosion  rate  so  that  the  time 
required  to  reach  maximum  pressure  approached  that  of  pure 
hydrogen  (0.0.3  sec),  the  pressure-time  curve  bearing  no  simi- 
larity to  that  of  simple  carbon  monoxide-oxygen  mixtures.  These 
investigators  verified  those  of  Bone,  et  a'.,*  as  to  the  order  of  the 
combustion  reactions.  Bone  and  Wheeler,"  studying  the  com- 
bustion of  hydrogen  and  oxygen  at  a  temperature  of  4.50°  C, 
showed  that  when  the  reaction  was  catalyzed  hy  such  surfaces  as 
quartz,  porcelain,  etc.,  the  rate  of  ^reaction  was  practically 
proportional  to  the  partial  pressure  of  the  hydrogen. 

Thus  it  may  be  seen  that  for  the  combustion  of  hydrogen 
and  oxygen,  Falk  and  Rideal  consider  the  reaction  dimolecular, 
whereas  Bodenstein,  Rowe,  Bone,  et  al.,  and  Bone  and  Ha- 
ward  consider  it  fo-miolecular.  For  the  combustion  of  carbon 
monoxide  and  oxygen  Rideal,  Bone,  et  al.,  and  Bone  and  Ha- 
ward  consider  the  reaction  dimolecular,  whereas  Falk  con- 
siders it  trimolecular. 

Consideration  of  these  views  indicates  the  strong  possi- 
bility that  the  two  combustion  reactions  under  discussion 
probably  act  differently  under  varying  conditions.  From 
the  standpoint  of  furnace  design,  therefore,  they  should  be 
studied  under  conditions  existing  inside  combustion  chambers, 
these  conditions  being  (1)  quiet  burning  under  approximately 
atmospheric  pressure,  (2)  a  temperature  range  of  700°  to 
1500°  C,  (3)  combustion  occurring  in  free  space  uncatalyzed 
by  surfaces,  and  (4)  both  carbon  monoxide  and  hydrogen 
burning  simultaneously  with  an  excess  of  oxygen. 

Method 

The  velocity  with  which  carbon  monoxide  and  hydrogen 
burn  with  oxygen  may  be  expressed  as 

_  'L£9 
dl 


=  h  (CO)"  (O2)" 


(1) 


and 


^    (H2)  =  h  (H2)'  (O2)' 


(2) 


The  exponents  m,  n,  r,  and  s  are  used  because  the  orders  of 
these  reactions  are  uncertain.  Dividing  these  two  equations  is 
desirable  since  this  eliminates  one  variable  and  the  neces- 
sity for  knowing  the  time  the  reactions  have  been  proceeding. 
Furthermore,  owing  to  the  large  amount  of  heat  evolved  when 
hydrogen  and  carbon  monoxide  burn,  it  is  difficult  to  maintain 
the  temperature  constant  throughout  the  experiment.  By  di- 
viding one  reaction  by  the  other,  thereby  studying  the  relative 
rate  of  these  two  reactions,  the  necessity  for  maintaining 
constant  temperature  is  eliminated  or  minimized  as  long  as 


the  two  reaction  velocities  in  question  change  with  tempera- 
ture at  about  the  same  rate.  That  this  is  sound  for  this  par- 
ticular case  is  shown  by  the  temperature  coefficients  of  these 
two  reaction  rates,  as  determined  by  Falk.^ 

Temperature    coefficient    of    reaction    ve- 
locity per  10°  C.  rise 800°  C.  900°  C.  1000°  C. 

Hydrogen 1.31  1,13  

Carbon  monoxide ....  1 ,  24  1.14 

This  leaves  the  general  equation 

dCO  ^  h_  (CO)"  (O2)"  ,„, 

dn.      h  (n,y  (O2)'  ' 

which,  containing  so  many  unknowns,  is  unwieldy.  An  as- 
sumption is  therefore  made  that  n  =  s;  thus  canceling 
(O2)"  and  (O2)'.  This  assumption  is  only  a  temporary  one 
and  will  be  reconsidered  later.  Transposing,  our  equation 
then  becomes 

dCO    ^   ki    dH; 

(CO)"  ~  h  (H2)'  '■^^ 

which  is  only  integrable  with  known   values  of   m    and   r. 
The  following  is  the  integrated  form,  assuming  m  =  r  =  1 : 
log  (CO)i  -  log  (CO)2  ^  ki 
log  (H,)!  -  log  (H2)2         k,  (^) 

Experimentally,  a  stream  of  hydrogen,  carbon  monoxide, 
and  air  in  excess  should  be  burned  in  a  long  combustion 
chamber  and  the  progress  of  combustion  watched  by  with- 
drawing samples  at  intervals  along  the  flue.  A  number  of 
such  runs  should  be  made  using  relatively  large  excesses  of 
air,  each  run  with  a  different  concentration  of  oxygen.  If 
the  foregoing  logarithmic  relationship  of  the  disappearance  of 
hydrogen  and  carbon  monoxide  is  not  a  constant  for  the 
various  steps  in  each  indiAddual  run,  then  the  assumption  that 
m  =  r  =  1  is  incorrect.  However,  if  this  relationship  is 
a  constant  the  assumption  is  correct.  Furthermore,  if  the  same 
constant  is  obtained  for  runs  with  varying  oxygen  concentra- 
tion, then  our  first  temporary  assumption  is  correct.  There- 
fore, while  two  assumptions  have  been  made,  the  vahdity  of 
each  may  be  tested  separately. 

Similarly,  if  we  assume  in  =  r  =  2,  our  integrated  equa- 
tion is 

1/  (CO);  -   1/  (CO)i    ^    ^ 

1/    (H2)2    -     1/    (H2)l  k2 

and  the  validity  of  this  assumption  and  the  first  temporary 
assumption  may  be  tested  again  in  a  simUar  manner. 

Table  I  shows  various  values  of  —  for  different  assump- 

tions  for  m  and  r  when  n  =  s.     Similar  values  of  p  maj^  be 

derived  when  the  first  temporary  assumption  does  not  hold, 
but  when  ?«  -|-  1  =  s  and  m  —  1  =  s,  etc. 

Any  values  of  m,  n,  r,  and  s  may  be  chosen  and  the  proper 
test  derived  to  show  their  vahdity.  Those  mentioned  above 
are,  how^ever,  the  most  probable. 

Table  I 
Assumptions  Value  of  r- 

,„  =  r  =  1 log  (CO)i  -  log  (CO'); 

'log  (Hi),  -  log  (Hj)! 

„,=;.  =  2  l/(CO)i  -  l/(CO). 

1/CH2)2  -  l/CH2)i 
m   =   1  )  log  (CO),   -  log  (CO)! 

'    =  2  i l/(Hj),  _   l/(H!)i 

m  =  2)  l/(CO);  -  l/CO)i 

''    =  1  ) log  (H.)i  -  log  (Hi)! 

D.\T.\ 

Kreisinger,  Augustine,  and  Ovitz-  burned  several  varie- 
ties of  coals  under  varying  conditions  of  excess  air  and  rate 
of  firing,  analyzing  the  resultant  flue  gases  as  they  passed 
along  a  40-ft.  flue.     Their  experiments  were  numerous  and 
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complete,  covering  a  wide  range.  After  the  first  few  feet 
away  from  the  fuel  bied  the  conditions  were  exactly  those  de- 
sired for  the  measurement  of  the  relative  rates  of  combustion 
of  hydrogen  and  carbon  monoxide — namely,  both  these  gases 
burned  simultaneously  along  a  tube  in  the  presence  of  an 
excess  of  oxygen.  In  the  particular  runs  chosen  for  this 
paper  the  hydrogen  content  per  100  parts  of  nitrogen  varied 
from  13.45  to  0.12,  the  carbon  monoxide  from  24.9  to  0.12,  and 
the  oxygen  from  9.63  to  2.09.  The  temperatures  of  these 
runs  ranged  from  1200°  to  1500°  C. 

In  addition,  a  smaU  amount  of  data  was  obtained  from  a 
similar,  although  shorter  (10  ft.),  furnace'"  fired  with  producer 
gas  instead  of  coal,  operated  at  temperatures  from  900°  to 
1100° C. 

Discussion  of  Results 

k 

Table  II  shows  the  calculated  ratio  of  —  for  the  most  prob- 
able various  values  of  m,  n,  r,  and  s. 

Table  II 


eau  of  Mines. = 

161 

1.47 

0.46 

0.76 

0.93 

2.71 

134 

0.88 

0.35 

0.72 

2.74 

1.53 

181 

1.16 

0.37 

0.53 

1.18 

3.30 

180 

0.89 

0.30 

0.41 

0.66 

1.76 

172 

0.76 

0.30 

0.37 

0.71 

1.94 

193 

1.69 

0.45 

2.94 

0  99 

3.89 

197 

0.79 

0.30 

0.70  • 

0.42 

1.59 

199 

0.72 

0.29 

0.76 

0.52 

1.12 

192 

3.04 

0.35 

0.86 

1..58 

4.59 

177 

1.02 

0.34 

0.51 

0.74 

1.92 

178 

1.71 

0.28 

0  31 

0.67 

5.11 

195 

0.90 

0  34 

0.91 

1.59 

1.47 

189 

0.95 

0.29 

0.70 

0.55 

2.13 

nklin,  Tomlinson, 

and  Widell'O 

3 

0  46 

0  41 

0  24 

0.79 

0.90 

4 

1.07 

0.39 

0..56 

0.76 

2.04 

Inspection  of  this  table  shows  a  uniform  ratio  of  —  when 

in  =  )•  =  2  and  n  =  s.  All  the  other  combinations  vary 
con.siderably  from  run  to  run,  thus  proving  the  assumed  val- 
ues of  m,  n,  r,  and  .s  by  which  these  ratios  were  calculated  to 
be  incorrect  with  the  exception  of  the  particular  values  just 
mentioned.  This  indicates  that  under  ordinary  combustion 
conditions  the  two  reactions  are 

2CO  -I-  O2  =  2CO2  and  2H2  -j-  O2  =  2HjO 

Fig.  1  shows  the  indi^•idual  points  of  the  various  Bureau 
of  Mines  runs  plotted  on  the  assumptions  proved  above, 
that  both  reactions  are  trimolecular.  The  points  lie  very 
close  to  the  straight  line  except  at  the  extreme  right.  How- 
ever, in  this  range  a  very  small  error  in  the  analysis  for  hy- 
drogen or  carbon  monoxide  would  throw  any  of  these  points 
from  one  side  of  the  hne  to  the  other,  making  the  fact  remark- 
able that  they  check  as  well  as  they  do. 


The  slope  of  the  hne  in  Fig.  1  gives  — 

A"2 


0.35,  showing 


that  tliroughout  the  range  of  temperature  studied  the  ratio  of 
the  rate  of  combustion  of  carbon  monoxide  to  that  of  hydrogen 
is  1  :  2.86. 

A  reinspection  of  Falk's^  data  shows  that  Ills  work  on  the 
ignition  temperatures  of  mixture  of  hydrogen,  carbon  monox- 
ide, and  o.xygen  also  indicates  that  when  both  carbon  monoxide 
and  hydrogen  burn  simultaneously,  they  are  both  trimolec- 
ular. It  will  be  recalled  that  Falk,  studjdng  each  reaction 
separately,  concluded  that  the  combustion  of  hydrogen  with 
oxygen  was  bimolecular,  while  the  combustion  of  carbon 
monoxide  with  oxj'gen  was  trimolecular.  There  is  the  pos- 
sibility, therefore,  that  the  simultaneous  combustion  of  hy- 
drogen and  carbon  moxonide  is  by  a  different  mechanism 


than  that  by  which  they  burn  separately.     This,  view  is  also 
sup])orted  by  the  work  of  Bone  and  Haward.' 


t^,'(PSJF 


Bui.  I}5  U  5.  Bur.  Mines 


Fig.  1 — SlMtTL 


^EN  .\ND  Carbon  Monoxide 


Importance 


Aside  from  throwing  further  light  on  the  simultaneous 
combustion  of  hydrogen  and  carbon  monoxide,  which  brings 
the  scientific  design  of  furnaces  a  step  nearer,  this  paper  shows 
that  under  certain  circumstances  it  is  desirable  to  burn  a 
gas  high  in  hydrogen.  Owing  to  the  speed  with  which 
hydrogen  burns,  a  gas  high  in  hydrogen  appears  to  be  more 
satisfactory  when  the  combustion  chamber  is  too  small  for 
the  task  imposed,  thus  causing  a  high  stack  loss,  or  where 
increased  output  from  a  furnace  is  desired.  In  burning 
producer  gas  tliis  may  be  attained  partially  by  increasing 
the  pounds  of  steam  per  pound  of  coal,  thereby  increasing 
the  hydrogen  content  of  the  producer  gfis.  In  other  cases 
a  change  to  water  gas  or  other  high  hydrogen  gas  might  be 
desirable.  Also,  it  seems  more  reasonable  to  attribute  the 
beneficial  results  which  are  sometimes  obtained  with  water 
gas  to  the  rapidity  with  which  hydrogen  burns  rather  than  to 
the  high  theoretical  temperature  of  the  hydrogen  flame. 
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The  South  African  Lubricants  and  Chemical  Works,  Ltd. 
proposes  to  set  up  within  six  months  an  experimental  plant  for 
the  treatment  of  oil  shale  from  tlieir  property  in  Impendhle 
District,  Natal.  It  is  reported  that  this  plant  will  have  a  daily 
capacity  of  50  tons  of  shale,  and  if  results  are  satisfactory  the 
erection  of  a  plant  capable  of  treating  500  tons  per  day  is  pro- 
posed. 
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The  Conversion  of  Methyl  Chloride  to  Methanol — T 
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IN  NORMAL  times  the 
United  States  produces 
about  one-half  of  the 
world's  supply  of  methanol. 
Prex-ious  to  the  war  thij 
amounted  to  over  10,000,- 
000  gal.  a  year,'*  all  of  which 
was  obtained  by  the  de- 
structive distillation  of 
wood,  for  up  to  the  present 
time  the  so-called  hard- 
woods have  been  the  only 
industrial  source  of  this 
compound.  During  the 
war  the  urgent  demand  for 
wood  distillation  products 
gave  an  impetus  to  this  in- 
dustry, wliich  resulted  in 
an  increase  in  productive 
capacity  of  over  25  per 
cent.^  At  the  present  time 
the  productive  capacity  of 

this  country  is  approximately  17,000,000  gal.  of  methanol, 
requiring  the  consumption  of  over  2,000,000  cords  of  wood 
]3er  year. 

The  yield  of  methajiol  obtained  by  destructive  distillation 
amounts  at  best  to  8  gal.  per  cord  of  wood,-  which  is  less  than 
1.5  per  cent  by  weight  of  the  wood.  In  addition,  charcoal, 
acetic  acid,  and  acetone  are  produced.  The  war  period, 
however,  saw  the  development  and  establishment  on  a  com- 
mercial scale  of  several  competitive  processes,  of  which 
acetic  acid  and  acetone  are  the  products.  These  processes 
are:  (1)  the  fermentation  process  for  acetic  acid,  (2)  the 
.sjTithetic  production  of  acetic  acid  from  calcium  carbide,  and 
(3)  the  fermentation  process  for  acetone.  Thus,  with  the 
exception  of  charcoal  and  methanol,  these  new  processes  offer 
competition  on  all  the  products  formerly  produced  by  wood 
distillation  only.  Moreover,  developments  in  the  metallurgy 
of  iron  and  the  improvements  in  the  production  of  metal- 
lurgical coke  have  greatly  reduced  the  demand  for  charcoal. ^•'^ 
Methanol  remains,  therefore,  the  only  product  for  the  pro- 
duction of  which  the  distillation  of  vast  quantities  of  our  most 
useful  hardwoods  is  indispensable.  The  desirability  of  a 
synthetic  method  for  the  production  of  this  product  is  accord- 
ingly evident.  It  is  the  purpose  of  this  paper  to  describe  such 
a  synthetic  process. 

M.^TERi.\Ls  Required 

The  raw  materials  for  methanol  prepared  by  tWs  process 
are  natural  gas,  chlorine,  and  lime.  Natural  gas  is  a  cheap 
and  plentiful  raw  material,  which  has  not  received  the  chem- 
ical exploitation  it  deserves.  Certainly,  it  is  a  far  more  de- 
sirable source  of  methanol  than  our  valuable  hardwoods. 
Chlorine  is  a  raw  material  for  which  new  demands  are  greatly 
needed,  for  the  disposal  of  chlorine  is  one  of  the  factors  which 
has  limited  the  growth  of  the  electrolytic  alkali  industry. 
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In  brief,  the  method  proposed  here  is  to  treat  natural  gas  (methane) 
with  chlorine  under  conditions  conducive  to  a  maximum  yield  of 
methyl  chloride,  and  then  by  the  use  of  lime  to  convert  the  methyl 
chloride  to  methanol.  In  the  past,  the  endeavor  in  carrying  out  the 
chlorination  of  methane  has  been  to  chlorinate  all  the  methane  with 
the  primary  object  of  obtaining  the  higher  chlorinated  products, 
chloroform  and  carbon  tetrachloride.  From  the  worl^  reported  by 
the  Bureau  of  Mines  and  others,-  there  is  every  reason  to  believe, 
however,  that  by  using  an  excess  of  methane  a  product  can  be  obtained 
which,  while  diluted  with  methane,  will  be  contaminated  with  eery 
little  of  the  higher  chlorinated  products.  The  presence  of  this  excess 
of  methane  will  not  interfere  with  the  subsequent  conversion  of  the 
methyl  chloride  to  methanol.  Where  natural  gas  of  suitable  quality 
is  not  available,  the  methane  can  be  produced  calalytically  from 
water  gas,  as  carried  out  by  the  Ccdford  process.^  At  the  present 
time  methyl  chloride  made  by  the  chlorination  of  natural  gas  is 
available  on  the  marl^et.  This  investigation,  therefore,  is  concerned 
entirely  with  the  second  stage  of  this  synthesis — that  is,  with  the 
problem  of  the  conversion  of  the  methyl  chloride  to  the  final  product, 
methanol. 


The  electrolysis  of  brine 
produces  caustic  soda  and 
chlorine  in  unchangeable 
proportions  ( 100  lbs.  sodium 
hydroxide  to  90  lbs.  chlo- 
rine). The  ratio  of  the  rela- 
tive demands  for  these  two 
products  is  very  different, 
however,  caustic  soda  being 
in  greater  demand  than 
chlorine.  It  is  the  practical 
impossibility  of  the  disposal 
of  this  chlorine,  even  as  a 
waste  material,  that  has 
prevented  the  increased  pro- 
duction of  electrolytic  caus- 
'tic  to  meet  tliis  relatively 
strong  demand.  Bj'  fu'nish- 
ing  a  market  for  chlorine 
this  methanol  process  would 
assist  in  equalizing  these 
,  demands  and  thus  would  be 

economically  beneficial. 

A  sufficiently  cheap  source  of  methanol  will  assist  in  filling 
the  increasing  need  of  a  new  source  of  motor  fuel.  It  has 
been  shown  that  methanol  is  satisfactory  for  this  purpose 
from  a  technical  standpoint,'  for  it  stands  very  high  compres- 
sion without  preignition,  and  causes  no  carbon  formation. 
These  factors,  together  with  its  high  vapor  pressure  at  ordi- 
nary temperatures,  make  it  an  excellent  component  for  a 
blended  motor  fuel. 

Resu.me  of  Previous  Work 

In  this  investigation  attention  has  been  iixed  on  effecting  the 
conversion  of  methyl  chloride  to  methanol  in  the  gaseous  phase, 
because  in  this  way  certain  advantages  are  gained  when  regarded 
from  an  engineering  aspect.  By  this  method  of  treatment 
greater  continuity  of  operation  is  effected,  the  problem  of  the  han- 
dling of  materials  is  simplified,  and  the  troubles  attendant  on  the 
use  of  high-pressure  autoclaves,  necessary  if  the  liquid  phase  is 
present,  arc  avoided. 

The  reactions  occurring  between  metallic  hydroxides  and 
alkyl  chlorides  in  the  gaseous  phase  have  been  the  subject  of  a 
meager  amount  of  investigations  in  the  past.  Dumas  and 
Stas,*  in  an  attempt  to  form  methylene,  passed  methyl  chloride 
over  heated  potash  lime  and  obtained  potassium  formate,  hy- 
drogen, and  potassium  chloride.  Methane  was  also  obtained, 
owing,  the  authors  state,  to  the  decomposition  of  the  formate. 
It  is  also  shown  that  the  presence  of  the  formate  was  due  to  the 
oxidation  by  the  potassium  hydroxide  of  the  methanol  which 
was  first  formed.  Sodium  hydroxide  was  found  to  exert  the 
same  effect.  Later  Nef  obtained  similar  results  on  passing 
ethyl  chloride  over  heated  hydroxides.  Using  soda  lime,  30 
per  cent  of  the  alkyl  halide  was  converted  to  ethyl  alcohol  and 
sodium  acetate.     Methane  and  hydrogen  were  also  obtained. 

In  a  recent  paper,  Whiston'"  proposed  to  synthesize  methanol 
from  natural  gas  by  the  chlorination  of  the  gas  and  the  subsequent 
conversion  of  the  methyl  chloride  to  methanol.  He  attempted 
the  hydrolysis  of  the  methyl  chloride  by  steam,  but  found  that 
no  more  than  traces  of  methanol  could  be  obtained.  He  also 
tried  some  experiments  on  calcium  hydroxide  as  a  means  of  effect- 
ing this  conversion,  and  found  after  repeated  circulation  at  300° 


'  Bur-  Mines.  Bulb.  32  and  43;   /.    Soc.    Che 
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C.  that  the  methyl  chloride  disappeared  almost  quantitatively. 
He  determined  qualitatively  the  presence  of  methanol  and  methyl 
ether  in  the  reaction  products.  No  experimental  details  or  data 
are  given.  This  is  the  first  suggestion  of  the  hydrolysis  in  the 
gaseous  phase  of  methyl  chloride  to  give  methanol.  It  was, 
however,  carried  out  in  the  absence  of  steam. 

ezperimental 

Hydrolysis  of  Methyl  Chloride  by  Means  of  Steam 

The  direct  hydrolysis  of  methyl  chloride  by  means  of 
steam  would  obviously  be  the  simplest  and  most  desirable 
method,  from  a  commercial  viewpoint,  of  effecting  the  con- 
version of  methyl  chloride  to  methanol.  For  this  reason,  in 
spite  of  the  negative  results  obtained  in  earUer  attempts,'"  a 
thorough  experimental  investigation  was  made  of  the  reaction 

CH3CI  +  H2O  =  CH3OH  +  HCl 

The  methyl  cliloride  used  came  in  iron  cylinders,  each 
containing  10  lbs.  of  the  liquefied  gas.  Its  composition  as 
determined  by  the  methods  of  analysis  described  in  a  pre- 
vious article'^  was  found  to  be  99  per  cent  methyl  chloride, 
the  remaining  1  per  cent  consisting  of  methane  and  inert 
gas,  with  possibly  some  methylene  chloride  and  ethylene. 

The  method  of  hydrolysis  employed  was  to  pass  the  methyl 
chloride  through  an  apparatus  very  similar  to  that  shown  in 
Fig.  1  and  described  below.  The  gas,  after  leaving  the  meter, 
was  mixed  to  the  desired  extent  with  water  vapor  in  the 
humidifier,  and  then  passed  over  pure  silica  sand  in  the  re- 
action tube  in  the  furnace.  Any  methanol  formed  was  re- 
covered by  the  absorption  train. 

From  the  thermal  analysis  of  the  reaction  given  below,  it 
is  evident  that  the  production  of  methanol  should  be  favored 
by  liigh  temperatures.  In  these  experiments  temperatures 
up  to  350°  C.  were  employed,  and  the  ratio  of  water  to 
methyl  chloride  was  varied  from  1:1  to  ratios  in  excess  of  3:1. 
In  every  case,  however,  the  volume  and  analysis  of  the  methyl 
cliloride  were  practically  unchanged  after  passing  through  the 
reaction  chamber.  (Absorption  of  methyl  chloride  did  not 
exceed  1  per  cent.)  Traces  of  methanol  and  hydrogen 
chloride  were  produced,  for  their  presence  could  be  detected 
in  the  water  of  the  absorption  train. 

Since  these  very  low  yields  of  alcohol  might  be  attributed 
to  a  very  low  reaction  velocity,  the  attempt  was  made  to 
■discover  a  catalyst  to  accelerate  tliis  reaction.  The  rare 
earth  oxides  offered  hope  of  success  in  this  direction,  in  view 
of  their  high  catalytic  activity  in  reactions  invohing  primary 
alcohols.'^  Of  these  oxides,  zirconium  oxide  was  found  by 
some  investigators"  to  give  the  best  re.sults  in  the  esterification 
of  methanol.  Since  this  reaction  may  also  be  regarded  as  an 
esterification  reaction  using  a  mineral  acid,  zirconium  dioxide 
was  tried,  but  it  was  found  to  have  no  discernible  effect  on 
the  extent  of  the  reaction.  Several  other  substances  were 
investigated  (anhydrous  calcium  chloride,  anhydrous  alumin- 
ium cliloride  and  silica),  but  none  displayed  any  catalytic 
effect.  At  tliis  point  the  search  for  a  catalyst  was  abandoned, 
for,  in  view  of  these  results  and  those  of  previous  investiga- 
tors, it  was  concluded  that  in  all  probability  the  equilibrium 
point  was  far  over  to  the  left  side  of  the  reaction,  and  that  any 
attempt  to  bring  about  the  conversion  of  methyl  chloride  to 
methanol  in  tliis  manner  must  be  futile.  This  conclusion  is 
fully  substantiated  (see  below)  by  the  application  of  Nernst's 
theorem  to  this  reaction.  It  may  be  conclusively  accepted, 
therefore,  that  the  direct  hydrolysis  of  methyl  chloride  by 
means  of  steam  cannot  be  emploj'ed  for  the  commercial 
production  of  methanol. 

11  Tms  Journal,  15  (1923),  57S. 
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Use  or  Hydroxides  for  Production  of  Methanol  from 
Methy'l  Chloride 

The  possibility  of  efTecting  this  conversion  by  means  of 
metalUc  hydroxides  was  next  investigated.  A  consideration 
of  all  the  metallic  hydroxides  from  a  standpoint  of  cost, 
availabiUty,  and  physical  and  chemical  properties  restricted 
those  meriting  investigation  to  a  very  few.  The  hydroxides 
of  the  metals  below  aluminium  in  the  electromotive  series 
were  excluded  from  consideration  on  account  of  their  insta- 
bility at  the  temperatures  required  and  their  objectionable 
catalytic  behavior  in  the  presence  of  methanol,  result- 
ing in  the  decomposition  of  the  latter."''  Likewise,  sodium 
and  potassium  hydroxides  were  ruled  out,  for  it  has  been 
shown*  that  at  temperatures  above  200°  C.  they  oxidize 
methanol  to  formic  acid,  wliich  in  turn  is  decomposed  at 
higher  temperatures. 

Thus,  there  remained  as  the  most  promising  hydroxides 
those  of  aluminium,  calcium,  and  magnesium.  Of  these, 
aluminium  hydroxide  had  an  especial  merit,  provided  it 
proved  sufficiently  stable,  since  aluminium  cliloride,  formed 
by  the  reaction  in  view,  boils  at  183  °  C.  This  seemed  to  prom- 
ise that  it  might  be  possible  to  accomplish  the  conversion  of 
methyl  chloride  very  effectively  using  this  hydroxide  at  a 
temperature  above  200°  C,  since  the  aluminium  chloride 
might  sublime  off  in  the  current  of  the  excess  gas  as  fast  as 
it  formed,  thus  constantly  exposing  a  fresh  surface  of  the  hy- 
droxide. Magnesium  hydroxide,  on  the  other  hand,  was 
least  promising,  for  compared  with  calcium  hydroxide  it 
was  less  available  and  more  expensive,  and  considerably 
less  stable.'* 

Experiments  with  Aluminium  Hydroxide 

A  series  of  runs  was  carried  out  to  investigate  the  possibility 
of  using  aluminium  hydroxide.  The  hydroxide  was  pre- 
pared by  precipitation  from  a  solution  of  aluminium  nitrate 
by  aimnonium  hydroxide.  The  precipitate  was  then  care- 
fully washed  and  dried  at  110°  C. 

The  apparatus  employed  was  similar  to  that  sho'mi  in  Fig. 
1.  The  hydroxide  was  placed  in  the  reaction  tube  in  the  cen- 
tral unit  of  the  furnace,  which  was  carefully  maintained  at  a 
uniform  and  constant  temperature.  Experiments  were  made 
using  the  hydroxide  both  en  masse  and  precipitated  on  pumice. 
The  methyl  chloride  was  sent  tlirough  the  reaction  tube, 
and  coUected  in  the  gasometer  after  passing  through  the 
absorption  train. 

It  was  found  possible  to  convert  a  small  amount  of  the  methyl 
chloride  to  methanol  during  the  first  few  minutes  of  the  run, 
but  the  reaction  immediately  ceased  owing  to  the  dissociation 
of  the  hydroxide,  forming  the  oxide  and  water.  Attempts 
were  made  to  prevent  tliis  decomposition  by  using  high  con- 
centrations of  water  vapor  in  the  gas,  but  at  temperatures  as 
low  as  200°  C.  and  partial  pressure  of  water  in  excess  of  600 
mm.  it  proved  impossible.  Hence,  the  use  of  aluminium 
hydroxide  was  abandoned. 

Use  op  Calcium  Hydroxide 

Since  it  possessed  certain  advantages  over  magnesium 
hydroxide,  as  pointed  out  above,  the  use  of  calcium  hydroxide 
as  a.conversion  agent  was  next  investigated. 

The  calcium  liydrnxide  employed  in  these  experiments 
gave  the  following  average  analysis: 

Per  cent 

Calcium  hydroxide  -\-    trace  of  magnesium  hydro-xide 93.0 

Calcium  carbonate 3.0 

Moisture 2.5 

Impurities  (SiOa,  etc.),  by  difference 1 .  5 

ToTAi, 100.0 

'<  Sabatier  and  Maihle,  Ann.  rhim.  phys.,  30  (1910),  2S9. 
■>  Johnston,  Z.  phys.  Chim.,  62  (1908),  347;    Dragert,  Inaugural  Dis- 
sertation, Berlin,  1914. 


684 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  \o.7 


,m     K> 


The  calcium  hydroxide  was  obtained  by  slaking  fat  high- 
calcium  lime.  Five  pounds  of  the  oxide,  carefully  slaked, 
were  made  into  a  paste  by  adding  a  small  excess  of  water, 
and  this  material  was  then  dried  in  a  vacuum  shelf  drier  at 
125°  C.  The  product  obtained  was  very  uniform  and  fairly 
porous.  The  hydroxide  was  then  ground  and  screened  to 
sizes  varying  from  5  to  50  mesh.  The  sie\'ing  operation 
reduced  the  porosity  somewhat  by  filUng  up  the  pores, 
so  that  the  final  product  consisted  of  smooth,  wlute,  nearly 
spherical  granules.  During  these  experunents  the  analysis 
was  checked  up  several  times,  and  it  was  found  that  the  com- 
position of  the  hydroxide  did  not  change. 

Apparatus — The  apparatus  used  in  carrying  out  this  experi- 
mental work  is  shown  in  Fig.  1.  The  gas  issuing  from  the  cyl- 
inder, 1,  passes  from  the  wet  meter,  2,  through  the  humidifier,  3, 
to  the  reaction  tube,  6,  in  the  furnace,  5,  and  thence  through  the 
absorption  train,  7,  which  removes  the  methanol.  The  excess 
methyl  chloride  and  any  gases  formed  during  the  reaction 
pass  on  to  the  gasometer,  where  they  are  collected  and  measured. 
In  certain  experiments  where  dry  gas  was  desired,  a  calcium  chlo- 
ride drying  train  was  substituted  for  the  humidifier. 

The  meter  was  calibrated  against  a  standard  cubic  foot  bottle. 
The  water  in  the  meter  was  always  kept  saturated  with  methyl 
chloride. 

The  humidifier  consisted  of  a  tower  about  15  in.  high  by  2  in. 
in  diameter,  filled,  as  shown,  with  glass  beads  to  within  2  in.  of  the 
top.  The  level  of  the  water  coincided  with  the  height  of  the 
beads.  The  gas  entering  through  a  tube  down  the  center, 
drawn  out  to  a  capillary  opening,  passed  up  through  the  beads 
and  became  saturated  with  vapor  on  its  way.  Any  subsequent 
condensation  of  the  water  vapor  was  prevented  by  having  the 
temperature  of  the  path  from  the  humidifier  to  the  reaction  cham- 
ber well  above  100°  C.  This  was  accomplished  by  means  of  the 
electrically  heated  resistance  wire,  4.  The  entire  humidifier  was 
immersed  in  a  large  water  bath.  The  temperature  of  the  hu- 
midifier did  not  in  general  vary  more  than  =*=2°  C.  during  a  run. 

The  effectiveness  of  the  humidifier  was  determined  experi- 
mentally, and  it  was  found  that  under  the  most  extreme  condi- 
tions encountered  in  this  investigation  the  relative  humidity  of 
the  gases  after  passing  through  the  humidifier  was  100  per  cent. 

A  calcium  chloride  drying  train  (not  shown  in  figure)  was 
used  in  some  of  the  runs  to  dehydrate  the  gas  issuing  from  the 
meter.  The  eflfectiveness  of  this  drying  train  was  also  deter- 
mined and  it  was  found  that  the  partial  pressure  of  water  vapor 


in  the  gases  issuing  therefrom  was  approximately  2  mm.  of 
mercury. 

The  reaction  tube  was  a  Pyrex  glass  tube  of  2.5  cm.  internal 
diameter.  A  heavy  copper  sheath  surrounded  that  portion  of 
the  tube  in  the  interior  of  the  furnace.  The  purpose  of  this 
sheath  was  to  equalize  the  temperature  over  the  length  of  the 
tube,  for  without  it  a  very  considerable  temperature  gradient 
existed  between  the  mid-point  and  the  ends  of  the  different 
units.  By  means  of  this  sheath  and  the  first  and  third  units  it 
was  possible  to  maintain  a  temperature  uniform  to  within 
=*=5°  C.  over  a  length  of  25  cm.  in  the  middle  unit.  This  section 
of  uniform  temperature  contained  the  charge  of  hydroxide 
(50  g.)  during  the  runs.  The  first  unit — which  also  served  as  a 
preheater — and  the  third  unit  were  filled  with  glass  beads  or 
pure  silica  sand.  A  slit  about  5  mm.  wide  cut  lengthwise  in 
the  sheath  permitted  observation  of  the  interior  of  the  reaction 
tube.  The  furnace  was  placed  in  an  almost  vertical  position  in 
order  to  prevent  the  gases  from  channeling  across  the  surface  of 
the  hydroxide,  and,  in  addition,  to  facilitate  the  collection  of  the 
liquid  products  of  reaction. 

A  narrow-bore  Pyrex  tube  (2  mm.  diameter)  extended  up  the 
center  of  the  reaction  tube  as  shown,  and  contained  a  noble- 
metal  thermocouple,  by  means  of  which  the  temperature  was 
determined. 

The  absorption  train  consisted  of  two  Meyer  sulfur  bulbs 
in  series,  each  containing  about  150  cc.  of  water  saturated  with 
methyl  chloride.  This  was  found  by  trial  to  be  the  most  satis- 
factory type  of  absorption  train  for  this  purpose.  Two  bulbs 
were  found  to  be  suflacient,  for  the  amount  of  methanol  which 
was  collected  in  a  third  bulb  was  less  than  the  error  of  the  sub- 
sequent analysis  for  methanol.  Besides,  it  was  desirable  to 
keep  the  amount  of  water  in  the  absorption  train  as  small  as 
possible  in  order  to  reduce  the  error  due  to  the  solution  of  gases 
therein. 

The  gasometer  has  a  capacity  of  20  Uters,  and  was  designed  and 
built  especially  for  this  work.  The  rise  of  the  gas  holder  was 
about  2  mm.  for  50  cc.  of  gas,  and  hence  volumes  could  be  de- 
termined readily  to  =t  10  cc.  The  gas  holder  worked  in  a  very 
narrow  annulus,  so  the  amount  of  liquid  exposed  to  the  gas  was  as 
small  as  possible.  The  containing  fluid  used  was  a  saturated 
solution  of  calcium  chloride,  for  it  was  found  by  trial  that  methyl 
chloride  had  a  lower  solubility  in  this  solution  than  in  any  other 
available  liquid. 

The  gasometer  was  carefully  calibrated  over  the  entire  range 
of  its  capacity,  and  this  calibration  was  then  checked  against 
the  gas  meter.  Since  the  gas  meter  covdd  be  read  to  =*=  10  cc. 
and  the  gasometer  to  =*=  10  cc,  the  determinations  of  the  absorp- 
tion of  gas  taking  place  in  the  apparatus  were  good  to  ="=20  cc. 
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Procedure— After  the  charge  of  hydroxide  had  been  Results  and  Calculations— The  results  obtained  under 
placed  in  the  reaction  tube,  a  blank  was  run  to  see  if  the  ap-  varying  conditions  are  shown  by  Curves  1  to  9,  and  by 
paratus  was  in  proper  working  order.  A  few  cubic  centi-  Table  I.  The  data  obtained  in  one  of  the  runs  made  at  400° 
meters  of  methyl  chloride  were  permitted  to  flow  through  the  C,  using  anhydrous  methyl  chloride,  are  shown  in  Table  II. 
apparatus  in  order  to  establish  the  proper  pressure  drop  The  following  example  will  make  clear  the  method  of  obtain- 
throughout  the  train.  Readings  were  taken  of  the  dial,  the  ing  these  curves: 
temperature,  the  meter,  the  gasometer,  and  the  barometer 

height.     The  use  of  proper  counterweights  kept    the    pres-  ,   Column  J  is  obtained  by  converting  the  readings  in  Column  A 

■     ii  ii  lii  ,.  (volume  of  gas  admitted  ni  cubic  feet  at  room   temnerature  and 

sure  m  the  gasometer  always  equal  to  atmospheric  pressure.  pressure)    to   gas   volumes   in   cubic   centimeters   at   standard 

Four  or  five  liters  of  methyl  chloride  were  then  sent  through  conditions. 

the  apparatus  at  the  rate  used  in  making  the  run.     The  meter  (20  95  +  0  90  —  0  61)       ''Ta 

and  gasometer  were  then  read  again,  and  the  volume  of  the  J  =  A  X  28,320  X gQ^OO ^  ^91  ^  ^  ^  2(i,880 

gas  sent  through  the  meter  was  compared  with  that  collected       •       .,,  .,       .100^       „„,. 

•     ii  t  4   11     1  1  •  1        1       i-  r     i  suice  the  vapor  pressure  of  water  at  18    C.  =  0.61  in.  of  mcrcurv 

in  the  gasometer.     A  blank  was  not  considered  satisfactory  Column  L  is  obtained  similarly  from  Column  H; 

unless  these  two  volumes  agreed  to  within  40  cc,  the  limit  of  on  ok  _  n  fi       9-0 

precision  of  the  readings.     In  this  way  any  errors  due  to  leaks  L  =  H  X      '  g,,  „^  '      X  ^-^  =  H  X  0.9175 

or  incomplete  saturation  of  the  water  could  be  detected.     In 

some  cases  blanks  were  also  made  after  the  runs  to  determine         T^^  ^""'^  ''"J?  .'^""'^^^  "^""f  '^^"  plotted,  using  Column  N  as 

.    ,1  ,  1      1       •         ■     J.1  f  ii  ordmates  and  Column  1  as  abscissas, 

whe  her  any  such  errors  had  arisen  in  the  course  of  the  run.  The  analysis  of  the  final  products  in  this  case  was  as  follows- 

After  a  satisfactory  blank  had  been  obtained,  the  furnace 
(all  three  units)  was  brought  up  to  the  projier  temperature,  Meth°uther  ^Tj'^o'" 

the  gasometer  emptied,  and  methyl  cliloride  permitted  to  Methyl  chloride.'.'.'. '.'.'/.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'..'.      52!  5 

flow  through  the  apparatus  at  the  desired  rate.     Readings  of  Methane'. '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'./.       2 ' 0 

temperatures,  pressures,  and  volumes  shown  by  the  meter  and  NH*"^°^n° r't 

gasometer  were  taken  every  15  or  20  min.     "When  it  was  evi-  Total.  '. ...........................    Toih'i)" 

<lent  that  the  absorption  of  the  methyl  chloride — i.  e.,  con-  Methanol  =  9.83  g. 

version  to  methanol — had  practically  stopped,  the  run  was  Caicium  chloride  =  ~°^l^"  ""^   "  ''^"*  ^"  ""'"■  °'  ""=  '^a'':'"m  hydro.xide 

discontinued  and  final  readings  were  taken.     (Actually,  the  0.700  x  (74.1/1 11)         100 

absorption  of  methyl  chloride  did  not  completely  stop,  but  1  -  (0.700  x  37/1  id  ^  (Tgij  "  ''^"■'  ^"  '^^°' 

reached  a  small  constant  value.     See  curves  for  Runs  1  to  9.)  Total  methyl  chloride  delivered  =  0.9388  x  26.S00  x  0.99    =  24850  cc 

The  duration  of  the  runs  varied  from  4  to  G  hrs.,  and  hence  ?:°'^'  ■"'=''^^'  chloride  recovered  =  14  2eo  x  0.9175  x  0.529  =     7000  cc.' 

,.  .   ,,       ,  ,  ,    ,  ,    ,.  ,       .  Hence,  total  methyl  chloride  converted 17,850  cc. 

readings  ot  the  barometer  were  taken  several  times  during  „,      ,,„,„  ,-cnn.oionn     no,c      i 

...  '^  Now    17,830  cc.  =  1/ ,S50  — 21,9UU  =  0,815  mol 

the  interval.  9  §3 

From  the  data  thus  obtained  and  the  analysis  of  the  Yield  of  methanol       =  9.83  =   ^    =  0.307  moi  =  37.8  per  cent  yield 

initial  and  final  products,  the  conversion  of  methyl  chloride  to  yield  of  methyl  ether  =  i^.soo  x  0.312  ^  p^^„  ^^^  ^  ^^^  percent  yield 
methanol  and  by-products  could  be  computed.     By  plotting  j^  ioox  0  o->o 

the  percentage  decrease  in  the  volume  of  the  gas  passing  Y'^w  of  methane        =        02,400        "  ""^^  ™°'  "    ■'•^ p" '^^°' ^'^'"^ 

through  the  reaction  tube  in  each  20-min.  period,  the  cour.se  Products  recovered     =  0.703  moi  = 'sle'per  cent  yield 

of  the  reaction  could  be  followed.  „  .    .  ,        „,,„,,.,  ,  ,„  .. 

T~,  ri  rni.  •  •  •,,        1  •  1     J.1  The  remainder,  equal  to  0.112  moi  (equivalent  to  1.23  liters 

Discussion    of   ERRORS-The   precision   with   which   the  „f  ^^^^^^  ether),  was  present  as  methyl  ether  dissolved  in  the 

absorption   of  the   gas   could   be  determined   was    ±20   cc.  water  of  the  absorption  train.     This  was  readily  determined  by 

Since  the  total  gas  absorbed  during  a  run  exceeded  10  liters  passing  a  stream  of  methyl  chloride  through  the  train  for  several 

in  almost  all  cases,  this  error  amounted  to  less  than  0.5  per  hours  until  all  the  ether  had  l^een  swept  out,  and  then  analyzing 

,  •     ,,      c     1       114-  f     ■  1  I        XT  •       1  /  the  resulting  gas  mixture.     The  amount  01   methyl  ether  ob- 

cent  in  the  final  calculations  of  yields.     However,  in  deter-  ^^j^^^  ^^^  equivalent  to  the  remainder  to  within  1  per   cent, 
mining  the  amount  of  gas  absorbed  during  the  20-min.  periods,  The  0.815  moi.  of  methyl  chloride  used  would  require  0.815 

it  caused  a  very  noticeable  variation  in  the  readings,  which  re-  X  74.1/2  =  30.2  g.  of  calcium  hydroxide  =  65.8  per  cent  [30.2/ 

suited  in  a  staggering  of  the  points  on  the  curves.     This  is  (50  X  0.95)  =  65.8]  of  the  calcium  hydroxide  charged  into   the 

•  1,  ■  ]      ,      .    ,1  J       r  ii  I,        ii,         i      1  reaction  chamber.     The  divergence  between. this  and  the  result 

especially  evident  at  the  ends  of  the  runs  where  the  actual  j^^^^  ^y  ^^^l^^i^  i^  1^^^  than  the  error  of  sampling, 
absorption  is  small.     Here  an  error  of  40  cc.  amounted   in 

some  cases  to  approximately  30  per  cent  of  the  actual  volume  It  is  obvious  that  the  curve  drawn  with  the  actual  percent- 
absorbed,  ages  of  gas  absorption  as  the  ordinates  does  not  give  a  true  in- 
Pressure  and  temperature  variations  occurring  during  the  dication  of  the  conversion  of  methyl  chloride,  since  considera- 
run  gave  rise  to  additional  errors.  While  the  effect  due  to  ble  amounts  of  methyl  ether  and  some  hydrogen  and  methane 
atmospheric  variations  was  never  significant,  the  variation  in  were  produced,  which  greatly  reduce  the  apparent  absorption, 
pressure  of  the  gas  in  the  meter,  owing  to  pressure  variations  This  difficulty  can  be  lessened  to  some  extent  by  using  the 
in  the  train  of  apparatus,  occasionally  amounted  to  ±2.5  mm.  actual  conversion  of  methyl  chloride  as  ordinates,  on  the  as- 
of  mercury.  This  was  taken  care  of  to  a  great  extent  by  sumption  that  the  composition  of  the  gas  received,  as  shown 
using  the  average  pressure  in  calculations.  Fortunately,  by  the  final  analysis,  was  the  same  throughout  the  run. 
the  pressure  on  the  water  of  the  absorption  train  was  not  sub-  This  was  done  and  the  dotted  curves  were  obtained.  This 
ject  to  tliis  change  of  pressure,  for  the  pressure  in  the  gas-  gives  a  closer  appro.ximation  to  the  true  conversion  curves, 
ometer  was  ahvaj-s  maintained  equal  to  that  of  the  atmosphere,  but  they  are  still  somewhat  distorted  since  most  of  the 
In  this  way  an}-  error  due  to  an  increase  or  decrease  in  this  methyl  ether  gas  generated  during  the  run  is  certainly  pro- 
amount  of' gas  dissolved  in  the  water  was  avoided.  'Varia-  duced  during  the  first  two-thirds  of  the  run.  The  actual 
tions  in  the  temperature  of  the  room  gave  rise  to  a  more  sig-  conversion  of  methyl  chloride  to  methanol  and  methyl  ether, 
nificant  error,  for  occasionally  these  amounted  to  2°  C.  The  therefore,  probably  follows  the  course  shown  by  the  dot-dash 
average  temperature  was  used  in  making  calculations.     On  curve. 

the  whole,  however,  the  error  of  the  determination  of  the  total  The  labor  and  time  involved  in  carrying  out  a  run  from 

volumes  of  gas  delivered  and  collected  probably  did  not  ex-  start  to  finish,  including  the  necessary  blanks  and  the  analyses 

ceed  1  per  cent.  of  all  the  products,  were  too  great  to  permit  duplicate  runs 
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to  be  made  in  every  case.  However,  a  number  of  duplicates 
were  run  in  the  preliminary  investigation  to  determine  whether 
the  apparatus  as  a  whole  and  the  method  followed  would  give 
reliable  data.    The  results  obtained  were  very  satisfactory. 


One  instance  of  this  is  showii  in  Runs  1  and  2  (Table  I).  The 
analytical  data  for  these  runs  are  given  in  Table  I,  and  it  is 
.seen  that  the  agreement  is  very  good.  Moreover,  the  con- 
cordance of  the  results  among  themselves  is  an  additional 
argument  for  the  precision  of  the  work. 

As  an  additional  check  a  run  was  made  using  methyl  chloride 
prepared  by  Groves'  method.'^  About  50  liters  of  the 
gas  were  collected  after  having  been  purified  by  passage 
through  concentrated  sulfuric  acid,  sodium  hydroxide,  and 
water.  This  gas  was  then  displaced  from  the  container,  and 
passed  through  the  meter  and  on  through  the  apparatus  in 
place  of  the  commercial  gas.     The  result  is  shown  as  Run  5. 

The  conditions  of  this  run  duplicated  those  of  Run  4, 
except  that  the  humidity  was  slightly  higher.  Here  again  the 
excellent  agreement  between  duplicate  runs  is  seen,  and  since . 
tliis  run  was  made  with  pure  methyl  chloride,  it  serves  as  a 
check  on  the  entire  work. 

Run  7  was  carried  out  as  a  continuation  of  Run  6,  in  order 
to  investigate  the  small  constant  absorption  of  methyl 
chloride  in  evidence  at  the  end  of  all  the  runs.  This  run  was 
preceded  and  followed  by  a  blank,  and  was  carried  out  ex- 
actly as  the  other  runs,  except  that  the  charge  of  calcium 
hydroxide  was  the  residue  from  Run  6,  which  had  not  been 
removed  from  the  reaction  chamber.  The  curve  obtained 
shows  that  this  small  constant  absorption  of  methyl  chloride 
continues  for  a  considerable  time. 

In  all  these  experiments  a  slight  deposition  of  carbon  was 
obtained,  caused  by  the  thermal  decomposition  of  the  methyl 
chloride  and  the  products  of  reaction.  This  deposit  began 
at  the  point  where  the  entering  gas  first  met  the  charge  of 
calcium  hydroxide,  and  during  the  course  of  the  run  it 
slowly  progressed  down  through  the  hydroxide.  At  350° 
C.  it  was  very  slight,  causing  the  hydroxide  to  become  gray 
in  color.  At  450°  C.  it  caused  the  charge  to  become  black. 
Increasing  concentrations  of  water  vapor  caused  a  noticeable 
decrease  in  this  carbon  formation. 

The  other  products  obtained  in  these  runs  are  showTi  in 
Table  I.  With  the  exception  of  a  small  amount  of  methane 
and  hydrogen  the  methyl  chloride  was  practically  quantita- 

K  Ann.,  174  (1874),  377. 


tively  converted  into  methanol  and  methyl  ether.  Traces  of 
formaldehyde  were  also  formed,  but  they  never  amounted  to 
as  much  as  0.1  per  cent  of  the  methyl  chloride. 

THEORETICAL 

The  following  calculated  results  of  the  theoretical  relations 
of  the  reactions  encountered  in  this  investigation  served  as  a 
guide  in  pursuing  this  research  and  as  an  aid  in  interpreting 
the  experimental  results. 

Thermal  Analysis  of  the  Principal  Reactions 

Hydrolysis  op  Methyl  Chloride  in  the  Gaseous 
Phase — 

CH3CI  +  H2O  =  HCl  -f-  CH3OH  -f-  Xp*  Cal.       (a) 
Heats  of  formation  -29.0  -58.3  =  -22.0  -53.3  +  X, 

Therefore,  Xpdjo  c.)  (a)  =  - 12.0  Cal. 
From  the  reaction  isochor  of  van't  Hoff, 


d{\n  Kp) 
dT 


-Qp 

•j^YT  (where  Qp 


heat  evolved  by  the  reacting 
system), 

it  follows,  since  Qp  is  negative,  that  the  point  of  equiUbrium 
will  be  shifted  to  the  right  as  the  temperature  is  raised, 
resulting  in  a  greater  yield  of  methanol. 

Conversion  of  Methyl  Chloride  to  Methanol  by 
Means  of  Calcium  Hydroxide — 

2CH3CI  -I-  Ca(OH)2  =  CaClo  +  2CH3OH  -|-  X^  Cal.       (b) 
Heats  of  formation** -2(29.0)-219.1  = -173.4-2(53.3)  +  Xp 

Therefore,  X^dj'  c.)  (b)  =  -1-2.9  Cal. 
Since  Qp  is  positive,  the  yield  of  methanol  will  decrease  with 
increasing  temperatures.  Fortunately,  the  magnitude  of 
Qp  is  small  so  that  the  diplacement  of  the  equilibrium  with 
increasing  temperature  is  not  very  great.  It  is  possible, 
therefore,  to  obtain  the  advantage  of  the  increased  velocity  of 
reaction  occurring  at  high  temperatures  without  any  con- 
siderable diminution  in  the  extent  of  the  reaction. 

Calculating  the  heat  of  reaction  at  .350°  C,  we  have  from 
Kirchoff's  law: 
dQp 
dT 


'CpT  (reactions)  —  SCpr'  (resultants) 


*  Xp  =  heat  of  reaction  at  constant  pressure. 

**  The  values  given,  except  those  for  calcium  chloride  and  calcium 
hydroxide,  correspond  to  the  heats  of  formation  of  the  compounds  in  the 
gaseous  state  at  15°  C.  from  the  elements. 
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Table  I — Experimentai.  Results 


350 


350 


350 


350 


Run 1 

Temperature.  °  C 350 

Rate.  cc.  per  min 45 

Partial  pressure  water,  mm.  Hg 20 

Per  cent  CHjOH  refractive  index 42 . 0 

Per  cent  CaCU  in  residue 49 .  5 

Total  CHaCl  delivered,  liters 13.70 

Total  gas  received,  liters 4 ,  78 

Per  cent  CH3CI  in  gas  received 1  q„   „a 

Per  cent  CHJ.O.CH3  in  gas  received j  »-..* 

Per  cent  He  in  gas  received 1,6 

Per  cent  CH4  in  gas  received 0,7 

Duration  of  run.  hrs 4:45 

Amount  Ca(OH)2  charged  into  reaction  tube,  grams 50 

Volume  CHsCl  absorbed  during  run,  liters 11,80!> 

Volume  CHjCl  recovered,  liters 1.90b 

Volume  CHi  obtained,  cc 50 

Per  cent  yield  as  decomposition  products.  H2.  CHj.  etc 0,2 

Per  cent  yield  as  CHi,O.CH3 58 .  5" 

Per  cent  decomposition  of  unconverted  CH3CI 3.0 

Per  cent  Ca(OH)2  converted,  calculated  from  CH3CI  used 

Per  cent  Ca(OH)2  converted,  calculated  from  CaCk  found.  .  43.0 

«  Determined  by  absorption  in  glacial  acetic  acid  [Allison  and  Meighan,  This  Journ.\l,  11  (1919).  943) 
had  not  yet  been  perfected. 

*  Calculated  on  basis  of  calcium  chloride  obtained. 


20 

180 

350 

425 

2 

40.0 

50.8 

66.9 

67.0 

35.9 

60.0 

46.3 

41.5 

34.8 

16.99 

13. S5 

15.28 

IS. 12 

19.15 

7.34 

7.06 

7.22 

11.15 

12.21 

95. 0" 

97.3" 

79.1 
17.0 

78.1 
11.5 

66.5 
19.6 

1    2.0 

1.0 

1.1 

2.1 

Trace 

0.4 

0.3 

5:00 

4:30 

5:00 

6:00 

4:05 

50 

50 

50 

50 

50 

11.83!. 

10.48!. 

9.41 

9.40 

11.05 

5.166 

3.37!. 

5.87 
30 

6.72 
30 

8.10 

Trace 

Trace 

0.6 

0.6 

60.  0" 

49.2" 

32.5 

32.4 

64.1 

Trace 

Trace 

1.1) 

1.0 

0.5 

34.2 

34.2 

40.3 

43.4 

40.0 

35.0 

34.5 

12.71       13.31 


Best  method  of  analysi 


2 

380 

31.6 

60,8 

74.0 

62,6 

)       24.80 

25,92 

I       14.85 

14.43 

36.8 

69.0 

29.4 

20,2 

16  0 

4.0 

9.9 

2.6 

)           5:30 

8:00 

50 

50 

)       19.30 

15,92 

)          5.50 

10.00 

14.70 

375 

15,2 

4.6 

53.3 

35.0 

35.0 

4.2 

70.2 

58.0 

70.5 

57.0 

of  methyl  chloride 

Meter 

Meter 

Meter 

Increment  Pressure  Temp, 

Temt 

Time 

Cu,  Ft, 

Cu.  Ft. 

In,  Hg 

"C. 

°C, 

(A) 

(B) 

(C) 

(D) 

10:50 

4,1005 

0.0000 

+  0,80 

16.0 

400 

11:05 

4,1230 

0.0225 

0,85 

400 

11:20 

4,1570 

0.0340 

0,85 

400 

11:40 

4 ,  2060 

0.0490 

0,85 

16.0 

400 

12:00 

4,2510 

0.0450 

0.85 

400 

12:20 

4,2990 

0.0480 

0.85 

16.5 

400 

12:42 

4.3530 

0.0540 

0.85 

16.5 

404 

1:00 

4.3970 

0.0440 

0.85 

17.0 

400 

1:21 

4.4500 

0,0530 

0.85 

400 

1:45 

4.51,50 

0,06.50 

0.85 

18.3 

390 

2:00 

4.5500 

0 , 0350 

0.85 

400 

2:20 

4.6050 

0.0550 

0.85 

400 

2:40 

4.6543 

0.0493 

0.85 

400 

3:00 

4,7073 

0.0530 

0.95 

19.0 

400 

3:20 

4.7627 

0.0554 

1.00 

19,0 

400 

3:40 

4.8140 

0.0513 

1.00 

19   5 

405 

4:00 

4,8700 

0.0560 

1.00 

19.5 

405 

4:20 

4.9230 

0.0530 

1.00 

405 

4:40 

4.9795 

0.0565 

1.00 

405 

5:00 

5.0325 

0.0530 

1.00 

405 

5:03 

5.0373 

0.0048 

1.00 

20.3 

400 

n.  0.9368 

0.9388 

0.90 

IS.O 

400 

Table  II — Conversion  Run  S 
(Drying  Train  Substituted  for  Humidifier) 
ze  Gasometer                                                                                 Gas 

Temp,  Barometer  Gasometer    Increment     Delivered 

°C,  In.  Hg  Cc.                    Cc.                   Cc. 

(E)  (F)  (G) 

16  0  30.09  240 

830 

1,300 

16  5  1.600 

16.5  1.800 

16.5  29.96  1,960 

16.5  2.130 

2,270 

2,500 

2,870 

17.5  3,200 

18.0  3,840 

29.93  4,630 

18.5  5,850 

7,300 

8,600 

19  0  10,020 

11,400 

19.5  12,950 

14,3.50 

20  3  .     .     .  14.500 
18.0  ■  29.95  14,260 


(H) 

0 

590 

470 

300 

200 

160 

170 

140 

230 

370 

330 

640 

790 

1,220 

1.450 

1,300 

1,420 

1,380 

1,550 

1,400 

150 

':14.260 


540 

430 

275 

185 

145 

155 

130 

210 

340 

305 

590 

725 

1,120 

1,330 

1,195 

1,300 

1,265 

1.420 

1.285 

135 

13,310 


160 

480 

1,040 

1,020 

1,140 

1,295 

1.050 

1,210 

1,405 

630 

885 

595 

300 

155 

180 

200 

155 


Gas 
Absorbed 

% 

(N) 

0.0 
26.7 
52.7 
79  1 
84.70 


67.4 
60.0 
45.1 
21,1 
10,4 
13,1 
13,3 
9,2 
6,3 
9,5 


whence  0^(35000,)  =  Qj.(o=  c,)  +  350  (SC^r  -  SCpr'),  where 
the  mean  specific  heats  are  as  follows: 

(At  0  to  350'  C.)  Calcium  hydroxide  25.0  cal.t''" 

Calcium  chloride  19.0  cal.'^ 

Methanol  18.0  cal.'S 

Methyl  chloride  12,5  cal." 

t  cal,  =  gram  calories;    Cal,  =  kilogram  calories. 

Hence,  Xp  (350=  c.)(*)  =  +2900  cal.  +  .350(.50-55)  cal. 

=  0,9  Cal.  =  0,4.5  Cal.  per  mol  methanol 
formed 

This  small  heat  of  reaction  is  very  advantageous  in  that  it 
enables  the  temperature  of  the  reaction  chamber  to  be  read- 
ily controlled. 

Formation  of  Methyl  Ether — 

SCCHsCl  +  CHsOH  =  CH3.O.CH3  +  HCl)  (c) 

2HC1  +  Ca(OH)2  =  CaCle  +  H2O 

For  the  purpose  of  this  analysis  we  may  consider  them  as 
equivalent  to  their  sum: 


2CH3CI  +  2CH3OH  +  Ca(OH).  = 

CaCU  +  2CH3.O.CH3+  2H2O 


(d) 


"  Estimated  from  specific  heat  tables  in  "Tabellen  zur  Berchnung  des 
gesamten  und  freien  Warmeinhalts  fester  Korper"  by  Miething  (Halle, 
1920),  pp.  31  and  35,  The  specific  heat  of  calcium  chloride  is  not  given,  but 
it  is  estimated  from  the  data  given  for  lead  chloride.  Lead  chloride  and 
calcium  chloride  have  the  same  molecular  specific  heat  at  0°  C.  and  from 
the  similarity  of  the  compounds  it  is  to  be  expected  on  the  basis  of  Debye's 
theory  that  their  specific  heat-temperature  functions  will  be  very  nearly 
coincident  over  this  range, 

^8  Estimated  from  specific  heat  data  given  in  Landolt-Bornstein-Roth, 
"Tabellen," 

"Cj,(i5o  c)  =  11.95  cal.  (calculated  from  Cp/Cy  ratio  given  in  Lan- 
dolt-Bomstein-Roth.  'Tabellen").  Using  Nernst's  empirical  equation. 
Cp  =  3.5  +  1.5„  +  aT.  or  Cp  at  350°  C.  =  13.0;  hence,  C,  (mean) 
(0-350°  C.)   =   12.5, 


The  heat  of  reaction  is  readily  computed  as  Qpdjo  0,)  (d)  = 
+9.1  Cal.  The  same  observations  made  concerning  Reac- 
tion 6  apply  here.  (It  may  be  noted  for  future  reference 
that  the  heat  of  Reaction  c  =  Xp(,5o  c)  =  —8.9  Cal.) 
Conversion  of  Methyl  Ether  to  Methanol — The 
authors  have  demonstrated  that  the  application  of  thi>fol- 
lowing  reaction,  using  aluminium  oxide  as  a  catalyst,  permits 
the  conversion  of  the  methyl  ether  obtained  to  methanol. 


CHs.CCHa  +  H2O  =  2CH3OH  +  Xp 

Here  Xpdjo  c,)  {e)  =  -3.1  Cal. 


(e) 


Evidently,  increasing  temperatures  will  favor  this  reaction. 
However,  it  has  been  shown^"  that  when  the  reverse  reaction  is 
carried  out  above  350°  C.  side  reactions  occur. 

Application  of  Nernst's  He.\t  Theorem 

In  a  system  .such  as  obtained  here,  where  several  reactions 
are  occurring  simultaneously,  it  is  very  difficult  to  interpret 
correctly  the  experimental  results  or  to  control  intelligently 
the  final  products  without  some  quantitative  knowledge  of 
the  existing  equilibria.  To  determine  these  by  experimental 
means  is  in  general  a  very  troublesome  and  often  an  impos- 
sible task.  In  the  present  instance  a  knowledge  of  these 
equilibria  was  obtained  to  a  surprisingly  satisfactory  degree 
by  the  use  of  Nernst's  heat  theorem.-' 

The  application  of  Nernst's  theorem  has  made  it  po.^sible 
to  calculate  the  free  energy,  and  hence  the  point  of  equi- 
librium of  any  reaction  occurring  in  a  condensed  system, 

"■°  Sabatier  and  Maihle,  Ann.  Mm.  phys.,  20  (1910).  343. 

21  Nernst.  "Experimentalle  und  theoretische  Grundlagen  des  neuen 
Warmesatzes"  (Halle,  1918);  cf,  "Applications  of  Thermodynamics  to 
Thermochemistry,"  1907. 
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provided  the  substances  entering  into  the  reaction  are  pure. 
By  a  further  development  he  had  extended  this  application  to 
heterogenous  reactions  where  one  of  the  phases  is  gaseous. 
The  equation  for  the  equilibrium  point  which  follows  from 
his  theorem  is 


In  K 


+ 


^T        y'T' 
In  T  +  R-  +    2R 


+  .  .  .  +  2nj" 


-Q. 

RT    "^    R 

where  Q,,  =  heat  evolved  at  constant  pressure  at  absolute  zero 
a',  jj',  -y'  =  constants  depending  upon  the  specific  heats  of  the 
substances  reacting 
2Ki  =  summation  of  constants  depending  upon  the  nature 
of   the  reacting    materials    existing  only  in  the 
gaseous   phase 

In  applying  this  theoretical  equation  to  a  specific  case 
difficulties  are  inamediately  manifest,  for  it  is  necessary  to 
know  the  specific  heat  as  a  function  of  temperature  from 
absolute  zero  up  to  the  temperature  in  question  for  each  of 
the  reacting  materials,  and  in  addition  the  same  thing  for  the 
vapor  pressure-temperature  relations.  In  the  present 
state  of  knowledge  these  are  known  for  very  few  substances. 
In  order  to  apply  this  equation,  therefore,  it  is  necessary  to 
make  many  simplifying  assumptions.  This  has  been  done  by 
Nernst,  among  others."  In  this  work  the  assumptions  made 
by  him  have  been  accepted  because  of  the  success  already 
attained  wth  them,  and  also  because  they  have  been  found 
to  give  results  in  excellent  agreement  with  this  experimental 
work.  On  the  basis  of  these  assumptions  Nernst  arrives  at 
his  "approximation  formula:"-^ 

Log  K  =    ^=^  +  St,  1.75  log  T  +  iJ^  T  +  SnC 

where   2u   =  the  change  in  the  number  of  the  molecules  formed 
by  the  reaction 
SnC  =  the  summation  of  the  "chemical  constants"  of  the 
reacting  substances  existing  only  in  the  gaseous 
phase 
/3  =  a  term  depending  upon  the  specific  heats  of  the 
reacting  materials 
Moreover,  Qp  =  Q„  +  2t'  3.5T  +  ^T=,  and 
2Cpr  -  SCpf'  -  2?  3.5 
3  =  2T 

In  order  to  determine  the  chemical  constants,  C,  which  are 
really  the  integration  constants  of  the  Clapeyron-Clausius 
vapor  pressure  equation,  Nernst  has  used  a  number  of  de- 
vices. The  results  in  all  case.s,  however,  are  approximately 
the  same,  and  are  very  nearly  equal  to  the  quite  empirical 
value: 

C  =  0.14  X,  Tb.  p. 
where  X  =  heat  of  vaporization  at  boiling  point,  and  T  =  abso- 
lute temperature  of  boiling  point. 

By  the  use  of  this  formula  Nernst  has  obtained  his  so-called 
"conventional  chemical  constants."-^ 

While  these  assumptions  are  based  on  a  theoretical  founda- 
tion, they  are  by  no  means  in  strict  accord  with  the  known 
facts  concerning  the  specific  heat-temperature  relations  at 
low  temperatures.  The  true  chemical  constants,  for  example, 
which  have  been  calculated  for  a  very  few  elements,-^  are  by 
no  means  in  agreement  with  the  conventional  chemical  con- 
stants. Nernst  advocates  these  assumptions  simply  as  a  set 
of  empirical  relations,  which  in  many  cases  are  found  to  give 
very  satisfactory  approximations  to  the  true  equihbrium 
points.  The  results  that  have  been  obtained  by  their  use 
fully  confirm  this  contention,  at  least  for  the  cases  considered. 

=-  Nernst,  loc.  cit.,  p.  104. 

-3  Loc.  cit.,  Cederberg,  "Nie  thermodynamische  Berechnung  chemis- 
cher  Affinitaten  von  homogenen  und  heterogenen  Gas  Reaktionen."  Berlin, 
1916. 

24  Loc.  cit.,  p.  110. 

M  Loc.  cit.,  p.  111. 

"  Egerton,  Phil.  Mag..  39  (1920),  1;    Lindemann,  Ihtd.,  39  (1920),  21. 


Thermal  Data — The  successful  application  of  Nernst's  ap- 
proximation formula  to  these  reactions  is  possible  because  the 
substances  entering  into  the  reactions  are  not  of  great  molec- 
ular complexity,  so  that  the  assumptions  made  by  Nernst  hold 
approximately.  The  thermal  data  employed  in  applying  this 
formula  are  as  follows: 


3.6" 
3.0" 
3.S4 
2.73 
2.95 


Application — For  convenience  of  reference  the  results  ob- 
tained by  the  application  of  Nernst's  theorem  to  the  reactions 
ex-perimentally  studied  later  are  given  here. 


Compound 

Cp(fi°  C.) 

Xcal. 

Tb.p 

HjO 

8.03" 

9650" 

373 

HCl 

7.1" 

CHsOH 

14.030 

8600=' 

340 

CHjCI 

11.95=1 

4870" 

250 

(CHi)jO 

20.5" 

5240" 

249 

Ca(OH)j 

19.6" 

CaCU 

18.2" 

(1)    To  reaction:  CH3CI  -|-  H2O  =  CH3OH  +  HCl 
11.95  -I-  8.03)  -  (14.0  -I-  7.1)  -  0  _   -1.1 
~      546 
Now, 


=  -0.002 


2  X  273 
Qp  =    -12.0  Cal.   (Equation  a),  also  2t'    =    0,  since 
there  is  no  volume  change 
2«C  =  2.73  +  3.6  -  3.54  -  3.0  =  -0.2 
Hence,      Q„  =  -12,000  -  0  -i-  0.002  (273)'  =   -11.9  Cal. 

Substituting  for  log  K  in  the  equation  of  Nernst's  approxi- 
mation formula 
log    Kp  =  11,900/4. 571T  -\-  0  +  0.002 /4..571T  -  0.2 
or  log  Kp  =  2600/T  -  0.00044T  -  0.2,   where  Kp  = 

CH3CI    X    H;0 

CH3OH  X  HCl 
Therefore,  at  3.50°  C,  Kp  =  5.0  X  10' 

Evidently,  if  this  result  is  correct,  it  will  not  be  possible  to  ob- 
tain methanol  by  hydrolysis  of  methyl  chloride  with  steam. 

(2)  To  reaction:  2CH3CI  +  Ca(0H)2  =  CaClj  +  2CH3OH. 
By  a  similar  calculation,  we  obtain  the  following  formula  for  this 
equilibrium  point: 

logKp  =  -715/T  -  O.OOllT  -  1.62,  where  Kp  =  (CH3CI/- 
CHaOH).^  Therefore,  at  350°  C.  Kp  =  1.5  X  lO-",  or  1  /v'Kp 
=  CH3OH/  CH3CI  =  54.  That  is,  if  equilibrium  can  be  reached 
at  350°  C,  over  98  per  cent  of  the  methyl  chloride  can  be  con- 
verted to  methanol. 

(3)  To  reaction:    CH3CI  +  CH3OH  =  (CH3)20  -|-  HCl. 
Here    we  have  log  Kp  =  -1932/T  -f  0.00019T  -0.3,  where. 

(CH3)50  X  HCl 
at  350°  C„   Kp    =  CH3OH  +  CH3CI  =  0-00063. 

(4)  To  reaction:  CaCOH),  +  2CH3CI  +  2CH3OH  =  2CH3.O.- 
CHs  -f  2H2O  -t-  CaCb.  This  reaction,  as  previously  stated,  is 
really  the  sum  of  two  reactions.  Applying  Nernst's  formula  to 
this   system,   we  have: 

log  Kp  =  -2110/T  -  0.0015T  -  0.56. 
Therefore,  at  350°: 

_  (CH3CI  X  CH30H)^ 
*""  ~    ((CH3)20  X  HjO)^  ^■'^  -^  ^^ 

_L   =   CH3.O.CH3  X  H.O   ^  250  (         „^  ) 
VKp  CH3CI  X  CH3OH 

Accordingly,  this  reaction  will  readily  produce  methyl  ether. 

(5)  To  reaction:    (CH3)20  +  H-O  =  2CH3OH. 

It  will  be  subsequently  shown  that  this  reaction  furnishes  a 
method  for  the  conversion  of  methyl  ether  to  methanol. 

In  this  case  the  value  2Cpr  -  2Cpr'  is  so  small  that  ^  is 
taken  as  zero.     Then, 

(CH3OH)' 
log  Kp  =  678/T  -  0.47,  where  K,  =  CH3.O.CH3  X  HjO 

Therefore,  at  350°  C.     Kp  =  0.25  (approx). 


"  From   Cp  =  0.0446  +  0.0000428  /    (Holbom   and   Henning,   1905). 
"  Same  value  given  by  Nernst,  loc.  cit.,  p.  112. 

M  Calculated  from  data  in  Landolt-Bomstein-Roth,  "Tabellen,"?.  840. 
J»  Estimated  from  data  in  Landolt-Bomstein-Roth,  "Tabellen,"  p.  774. 
"  Calculated  from  Cp/c^  given  in  Landolt-Bomstein,  "Tabellen,"  p.  774. 
"  Calculated  from  formula  in  Washburn,  "Physical  Chemistry,"  p.  70: 
X/Tb.  p.  =  9.5  log.oTB  -  0.007Tb. 
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Light  Oil  in  Coke-Oven  Gas' 

Use  of  Activated  Carbon  in  Its  Determination 

By  Arthur  L.  Davis 

Standard  Oil,  Company   (Indiana),  Wood  River.  Iul. 


THE  quantity  of  the  light  oil  in  coke-oven  gas,  be- 
fore and  after  scrubbing  with  straw  oil,  is  generally 
determined  by  passing  a  definite  quantity  of  the  gas 
through  straw  oil  contained  in  a  train  of  bottles  packed  in 
ice,  and  subsequently  separating  the  hght  oil  from  the  straw 
oil  by  distillation.  The  removal  of  the  light  oil  from  the  gas 
approaches  completeness  only  when  the  flow  of  gas  is  ex- 
tremely slow,  and  under  all  conditions  the  method  of  pro- 
cedure is  cumbersome. 

Tlie  light  oil  present  in  the  gas  may  be  determined  readily 
and  accurately  by  the  absorption  of  the  condensable  vapor 
in  a  definite  quantity  of  gas  by  activated  carbon,  with  sub- 
sequent removal  by  distillation  of  the  carbon  with  U.  S.  P. 
cresol.  Carbon  of  activity  40  to  50,  screened  8  to  14  mesh,  is 
suitable. 

ApP.'i.RATUS 

The  absorption  requires  a  0.1-cu.  ft.  gas  meter  and  two 
activated  carbon  tubes  complete.  The  carbon  tubes  are 
cylindrical  containers,  1.5  in.  in  diameter  and  12  in.  in  length 
over  all,  fitted  wth  a  20-mesh  screen  in  one  end,  with  1-in. 
breasts  and  screw  caps  on  both  ends.  Four  connecting  caps 
consisting  of  1-in.  screw  caps  carrying  Vie  x  V4-iii.  copper 
tubes  soldered  in  the  centers  and  fitted  with  Virin.  rubber 
gaskets  are  used  on  each  carbon  tube  during  the  absorption 
proper. 

The  distillation  of  the  enriched  activated  carbon  with  cresol 
to  remove  the  light  oil  is  made  using  a  500-cc.,  round-bottom, 
side-neck,  Pyi'ex  distilling  flask;  a  4-in.  ring  burner;  a  200°  C. 
thermometer;  a  "Barrett  standard"  condenser;  a  200-cc. 
separatory  funnel  graduated  to  100  cc;  U.  S.  P.  cresol;  and 
sodium  hydroxide  solution  of  specific  gravity  1.10  to  1.15. 

Procedure 

Absorption — Place  300  cc.  of  activated  carbon  in  each  of 
the  two  carbon  tubes.  Screw  a  connecting  cap  with  rubber 
gasket  to  each  end  of  each  tube,  and  tighten  with  a  pair  of 
combination  pliers. 

Connect  the  inlet  of  the  wet  gas  meter  to  the  gas  samphng 
tube  and  allow  gas  to  pass  through  for  several  minutes  to  in- 
sure a  thorough  displacement  of  air.  Turn  off  the  gas,  set  the 
indicating  hands  of  the  meter  to  the  zero  position.  (Caution: 
See  that  the  hands  are  reasonably  loose  before  turning  so  that 
the  driving  shafts  will  not  be  twisted.)  Connect  the  top  of  the 
first  carbon  tiibe  to  the  outlet  of  the  gas  meter,  the  bottom  of 
the  first  tube  to  the  bottom  of  the  second  tube,  and  either  allow 
the  residual  gas  coming  from  the  top  of  the  second  tube  to 
escape  or  be  conducted  away  by  an  attached  exit  tube.  Keep 
the  tubes  in  a  vertical  position. 

Pass  an  amount  of  gas  containing  approximately  30  to  40 
cc.  of  light  oil  through  the  absorption  tubes,  at  the  rate  of  10  to 
15  cu.  ft.  per  hr.  At  the  completion  of  the  absorption  note 
the  volume  of  gas  passed,  the  temperature  of  the  gas,  and  the 
barometric  pressure. 

Distillation — Place  the  enriched  carbon  from  the  first 
tube  in  a  500-cc.,  side-neck,  Pyi-ex  distilling  flask,  add  125  cc.  of 
cresol,  mix  thoroughly  by  shaking  in  the  flask,  insert  the  ther- 
mometer in  neck  of  the  flask,  and  comiect  to  a  "Barrett  stand- 

1  Received  .-August  12,  1922. 


ard"  condenser.  Heat  carefully  with  the  ring  burner  and 
distil  at  a  moderate  rate  till  the  temperature  of  180°  C.  is 
reached.  Collect  the  distillate  in  the  200-cc.  separatory 
funnel,  which  is  graduated  to  100  cc.  Add  125  cc.  of  sodium 
hydroxide  solution,  specific  gravity  1.10  to  1.15  (8  to  13  per 
cent),  and  agitate  thoroughly.  Care  should  be  taken  to 
release  the  pressure  of  the  gas  which  is  often  built  up.  Allow 
to  stand  for  a  few  minutes,  run  off  the  sodium  hydroxide 
solution,  and  record  the  volume  of  Ught  oil  obtained. 

Repeat  the  foregoing  procedure  with  the  second  carbon 
tube.     Record  the  volume  of  light  oil  obtained  separately. 

The  sum  of  the  two  volumes  of  light  oil  obtained  above  gives 
the  total  volume  of  light  oil  from  the  volume  of  gas  passed  at 
the  temperature  and  barometric  pressure  recorded. 

Calculation — The  amount  of  Ught  oil  present  in  the  gas 
(volume  corrected  to  15.5°  C.  (760  mm.))  is  calculated  as 
follows; 

Total  volume  of  light  oil  X  0.264  =  Gal.  light  oil  cer 

1000  cu.  ft.  gas 

Cu.  ft.  gas  X  .,-,J^f^      .^    X  5H;|I£1S- 
2/3-1-  temp.     C.  760 

Gal.  light  oil  per  1000  cu.  ft.  X  12   =   Gal.  light  oil  per  ton  of  coal 

(One  ton  of  coal  produces  approximately  12,000  cu.  ft.  of  gas) 

Volume  op  Gas  Required 

In  order  that  the  time  required  for  making  an  absorption 
may  be  fairly  accurately  determined  before  making  a  test, 
the  volume  of  gas  containing  a  certain  amount  of  conden-sable 
vapor  should  be  known.  The  volume  of  gas  containing  ap- 
proximately 30  to  40  cc.  of  light  oil  is  shown  in  the  table. 

Volume  of  Coke-Oven  Gas  Required  eoe  Charcoal  Absorption  Method 

Gal.  Light  Oil  Cu.  Ft.  Gas 

per  Ton  Coal  Required  for 

(12,000  Cu.  Ft.)  Determination 

0.5  190-250 

1.0  95-125 

1 . 5  63-83 

2.0  47-60 

2.5  38-50 

3.0  31-41 

3.5  27-36 

4.0  24-31 

4.5  21-28 

In  making  routine  analysis  by  this  method  it  is  advised  that 
the  determination  of  the  gas  entering  the  scrubbers  and  the 
gas  leaving  the  scrubbers  be  made  simultaneously. 

The  spent  activated  carbon  containing  cresol  may  be  re- 
vivified, but  it  is  more  satisfactory  to  use  fresh  material  for 
each  determination. 


Fall  Meeting  of  American  Electrochemical  Society 

The  next  meeting  of  the  American  Electrochemical  Society 
is  to  be  held  in  Dayton,  Ohio,  September  27,  28,  and  29,  1923. 
The  meeting  will  include  a  symposium  on  electrochemistry  of 
gaseous  conduction,  in  charge  of  Duncan  MacRae,  Research 
Laboratory,  Westinghouse  Lamp  Co.,  Bloomfield,-  N.  J.,  and 
a  symposium  on  recent  progress  in  electrolytic  refining,  under 
the  chairmanship  of  F.  R.  Pyne,  U,  S.  Metals  Refining  Co., 
Carteret,  N.  J.  An  innovation  at  the  meeting  will  consist  of 
round-table  discussions  on  electric-furnace  brass-foundry  practice, 
organic  electrochemistry,  chlorine,  and  electroplating.  There 
will  also  be  excursions  to  local  plants. 
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Sulfo-Acid  Bodies  in  Lubricating  Oils' 


By  G.  L.  Oliensis 

The  Barber  Asphalt  Co.,  Madison,  III. 


ONE  of  the  most  com- 
plicated solubility 
problems  that  the 
oil  chemist  has  on  his  hands 
is  that  involved  in  treating 
petroleum  oil  ■n-ith  sulfuric 
acid.  Roughly  speaking, 
the  action  of  the  sulfuric 
acid  is  a  very  simple  one — 
namely,  it  precipitates  from 
the  oil  certain  tarry  and 
gummy  bodies  which  it  ren- 
ders insoluble  in  that  me- 
dium, and  settles  with  these 
bodies  to  the  bottom  of 
the   agitators  in  the  form 

of  sludge,  which  is  then  drawn  off,  leaving  the  oil  free  of  all 
impurities.  Actually,  however,  the  action  of  sulfuric  acid 
is  far  more  complicated  and  far  less  clear-cut,  and  the  pos- 
sibilities of  intersolubUity  among  the  many  reaction  bodies 
formed  are  weU-nigh  infinite,  as  wiU  be  observed  from  the 
following  brief  summary  of  the  more  important  of  the  many 
reactions  involved: 

1 — The  diolefins  and  similar  unstable  hydrocarbons  in  petro- 
leum oil  are,  generally-  speaking,  carried  down  by  the  sulfuric 
acid  as  an  insoluble  sludge.  However,  such  portions  of  the  sludge 
as  remain  in  the  oil,  either  through  adherence  to  the  agitator 
lining  or  through  incomplete  separation,  are  often  in  large  part 
reincorporated  into  the  oil  in  emulsified  form  during  coking, 
and  after  neutralization  become  soluble  therein,  existing  prob- 
ably as  oil-soluble  colloids,  which  recent  investigations  have 
indicated  are  so  favorable  to  emulsions  of  the  water-in-oil  type. 

2 — The  mono-olefins  and  aromatic  hydrocarbons,  when  treated 
with  concentrated  sulfuric  acid,  form  with  the  latter  very  com- 
plicated and  generally  unstable  alkyl  sulfuric  acids  and  esters 
of  that  acid,  many  of  which  are  soluble  in  the  upper  oil  layer  and 
remain  there,  whereas  a  portion  is  soluble  in  the  acid  sludge  and 
is  carried  down  into  the  latter.  These  bodies,  during  coking  and 
subsequent  neutralization,  are  probably  modified  considerably 
in  their  solubility  tendencies;  but  it  is  safe  to  assume  that  at 
least  a  large  portion  of  them  is  retained  in  the  oil  to  the  end, 
in  the  form  of  more  or  less  unstable  neutral  esters  of  sulfuric  acid 
and  alkyl  sulfates  which  may  be  soluble  both  in  oU  and  in  water. 

3 — Aromatic  and  other  hydrocarbons,  in  presence  of  fuming 
acid,  form  (a)  sulfonic  acids,  which  after  neutralization  are 
converted  into  water-soluble  sulfonates,  and  (b)  the  so-called 
naphthenic  acids,  which  are  soluble  in  oil  in  their  acid  state,  and 
in  water  when  neutralized  to  naphthenates.  These  sulfonates 
and  naphthenates  are  genuine  water-soluble  soaps  of  unique 
properties,  though  their  bearing  here  will  be  limited  to  their 
tendency  to  form  oil-in-water  emulsions. 

It  wiU  thus  be  seen  that  by  the  time  it  has  been  coked  and 
neutralized,  the  oil,  so  far  from  being  clear  of  all  unsaturated 
and  tarry  bodies,  may  contain  a  formidable  collection  of  aU 
kinds  of  oil-soluble  and  water-soluble  colloids,  soaps,  and  other 
compounds,  much  of  which,  being  of  a  nature  calculated  to 
develop  oU-in-water  and  water-in-oU  emulsions,  helps  to 
reincorporate  into  the  oil  any  sludge  bodies  present  in  me- 
chanical suspension,  and  thus  still  further  aggravates  the  emul- 
sion-forming properties  of  the  oU,  as  described  under  (1) 
above. 

The  result  is  that  when  the  treater  has  reached  the  stage  of 
washing  the  neutralized  oU,  he  is  often  confronted  bj''  ob- 

1  Presented  before  the  Division  of  Petroleum  Chemistry  at  the  64th 
Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September  4 
to  S,  1922. 


In  "colling"  lubricating  oils  in  agitators,  or  in  premature  neutral- 
izing, some  sulfo-acid  bodies ,  etc.,  are  reincorporated  into  the  oil  from 
sludge.  Breathing  resultant  emulsion  or  blowing  bright  merely  causes 
some  of  these  to  go  into  perfect  solution  in  oil.  The  Conradson 
demulsibility  test  and  the  Vacuum  steam  test  cause  these  bodies  to 
he  thrown  out  as  a  soapy  layer  below  the  oil.  and  therefore  constitute 
qualitative  tests  for  these  bodies,  this  soapy  layer  being  sometimes 
foamy,  sometimes  thick  and  homogeneous.  The  Vacuum  Company 
regards  as  slop  only  the  thick.,  soapy  layer,  but  experiments  indicate 
the  foamy  layer  to  be  slop  in  less  concentrated  form. 

Evidence  is  cited  that  this  layer  consists  of  sulfo-acid  bodies, 
etc.,  and  that  the  presence  of  slop  indicates  imperfect  treating.  A 
discussion  as  to  whether  or  not  its  presence  is  harmful,  and  the 
usefulness  of  the  Conradson  test  in  this  connection  follows. 


stinate  emulsions  that  baffle 
his  efforts.  In  milder  cases 
of  emulsion,  of  course,  he 
could  resort  to  agitation  by 
steam,  or  even  by  settling 
at  sUghtly  elevated  temper- 
atures, but  in  these  more 
refractorj'  emulsions  such 
treatment  would  be  totally 
inadequate.  It  has  been 
found,  however,  that  the 
addition  of  a  small  amount 
of  a  water-soluble  soap  and 
agitation  with  steam  will 
often  successfully  break  the 
most  persistent  emulsions; 
and  it  is  significant  that  a  water-soluble  soap  rather  than 
an  oil-soluble  ingredient  has  to  be  used,  because  it  indi- 
cates that  the  bodies  responsible  for  the  obstinate  emulsions 
in  those  cases  must  have  been  essentially  of  the  opposite 
type — namely,  oil-soluble  emtdsifjing  agents,  such  as 
neutrahzed  sludge  bodies. 

After  an  emulsion  has  thus  been  broken,  the  oil  is  by  no 
means  entirely  free  of  the  hydrocarbon  bodies  that  were 
first  responsible  for  it.  The  oU  stiU  shows  a  more  or  less 
pronounced  haze,  due  to  the  presence  of  water  which  is  held 
there  in  the  water-in-oU  phase  by  the  emulsion-forming 
bodies  stUl  retained.  To  get  rid  of  this  haze,  the  treater 
usually  blows  the  oU  with  air  at  a  shghtly  elevated  tempera- 
ture. The  function  of  this  blowing  is  purely  mechanical; 
it  helps  carry  the  water  globules  out  of  the  oU  in  the  jet  of 
air,  and  it  would  be  possible  to  render  an  oU  bright  by  merely 
heating  it  at  some  temperature  below  the  boUing  point  of 
water  tiU  the  moisture  has  volatUized;  but  the  emulsion- 
forming  bodies  are  not  removed  at  the  same  time,  and  have 
only  entered  into  genuine  solution,  or  coUoidal  solution, 
through  the  dehj-dration  process  involved  in  blowing  the 
oU  bright. 

These  foreign  bodies  exist  in  verj-  smaU  amounts  in  the 
finished  oU,  and  it  is  therefore  practicaUj'  impossible  by  chem- 
ical tests  to  identU'y  them  accurately  in  their  manifold  mani- 
festations. Fortunately,  however,  advantage  can  be  taken 
of  an  interesting  reaction  which  takes  place  when  such  an  oil 
is  agitated  with  steam  in  the  presence  of  water  and  then  al- 
lowed to  settle.  The  steam  seems  to  bring  down  these  col- 
loidal emulsion-forming  bodies  in  the  form  of  either  a  creamy 
or  foam-like  layer  wliich  coUects  between  the  oU  layer  above 
and  the  water  layer  beneath. 

The  usefulness  of  tliis  reaction  has  been  recognized  in  two 
current  demulsibility  tests,  developed,  as  far  as  we  know, 
independently  of  one  another.  One  is  known  as  the  "Vacuum 
Steam  Test,"  and  the  other  as  the  "Conradson  Demulsi- 
bility Test,"  which  is  fuUy  described  in  past  hterature. 

Vacuum  Steam  Test 

The  Vacuum  steam  test  is  rather  crude.  It  consists  of 
placing  about  2  in.  of  water  in  a  pint  or  quart  mUk  bottle, 
adding  1  in.  or  so  of  oU  and  agitating  ■with  open  steam. 
The  mixture  is  then  aUowed  to  stand  aside  for  about  one-half 
hour  and  the  appearance  of  the  emulsified  layer,  if  any,  be- 
tween the  oil  and  water  noted.     If  there  is  no  emulsified 
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layer  or  the  layer  is  of  a  foamy,  bubbly  character,  the  oil  is 
supposed  to  be  of  good  quality.  If,  however,  the  emulsified 
layer  is  thick,  creamy,  and  homogeneous  in  appearance,  it 
is  called  "slop"  (which  is  understood,  in  a  general  way,  to 
be  due  to  traces  of  sludge  retained  in  the  oil  through  ineffi- 
cient treating)  and  the  oil  is  adversely  reported  upon.  The 
rapidity  of  separation  of  the  layers  is  not  especially  noted. 
This  steam  test,  though  crude,  is  the  only  demulsibility  test 
which  judges  quality  by  the  appearance  of  the  emulsified 
layer. 

CoNRADSON  Test 

The  Conradson  test  is  far  more  precise  in  its  provisions, 
but  basically  is  the  same.  It  consists  in  placing  100  cc.  of 
the  oil  to  be  treated  and  20  cc.  of  distilled  water  in  a  200-cc. 
graduated  cylinder  and  agitating  with  open  steam  for  10 
min.  The  graduated  cylinder  is  then  placed  in  a  water 
bath  maintained  at  130°  F.  and  the  respective  appearance 
and  volume  of  the  oil,  emulsion,  and  water  layers  are  ob- 
served from  time  to  time  for  1  hr.;  but  the  actual  demulsi- 
biUty  figure  is  obtained,  not  from  the  speed  of  separation  or  the 
appearance  of  the  three  layers  but  from  the  percentage  of 
water  retained  in  the  oil  layer  at  the  end  of  the  hour,  the  differ- 
ence between  100  and  the  per  cent  of  moisture  giving  the  de- 
mulsibility figure. 

The  Conradson  method  has  not  been  used  very  much  in 
the  trade  and  is  not  very  well  known,  nor  has  it  yet  re- 
ceived official  recognition.  The  American  Society  for  Test- 
ing Materials,  which  has  been  engaged  recently  in  develop- 
ing a  demulsibility  test,  has  made  a  rather  keen  thrust  at 
the  Conradson  test  in  its  report,  to  the  effect  that  there  is 
no  favorable  comment  to  be  found  anywhere  in  current 
Uterature  relative  to  the  Conradson  method  except  that  of 
Mr.  Conradson  himself.  The  writer,  however,  after  several 
years'  experimentation  with  the  method,  has  found  that  it 
is  capable  of  precision,  and  can  give  concordant  results  re- 
peatedly in  the  hands  of  different  operators.  In  fact,  the 
generous  amount  of  oil  one  begins  with,  and  the  compara- 
tively large  height  occupied  by  the  columns  of  oil,  emulsion, 
and  water  in  the  cylinder,  make  it  possible  to  take  quicker 
and  far  more  accurate  readings  than  by  any  other  method; 
moreover,  the  size  of  the  receptacle,  the  proportion  of  water 
to  oil,  and  the  manipulation  prescribed  (which,  by  the  way, 
is  exceedingly  simple)  seem  to  bring  out  inter-reactions  be- 
tween the  oil  and  water  which  in  other  emulsification  tests 
(such  as  the  Navy  and  the  R.  E.  method  of  the  A.  S.  T.  M.) 
either  fail  to  appear  at  all  or  are  difficult  to  observe  and  meas- 
ure; yet  which,  when  present,  can  throw  an  interesting 
light  on  the  quality  and  purity  of  the  oil,  quite  apart  from  its 
demulsifying  powers. 

To  bring  out  this  twofold  utility  of  the  Conradson  method, 
the  test  is  conducted  precisely  as  originally  proposed  by  Con- 
radson, but  the  method  of  reporting  is  modified  as  follows: 

(a)  The  volume  of  the  three  layers  that  separate  out  after 
emulsification  is  noted  and  recorded  at  the  end  of  each  of  the 
first  5  min.,  and  at  the  end  of  10,  30,  and  60  min.  These  data 
give  very  accurately  the  speed  of  demulsibility. 

(b)  The  appearance  of  the  three  layers  is  also  noted,  and  will 
serve  to  indicate  the  quality  and  purity  of  the  oil. 

Inteepret-^.tion  of  Dat.\  Obtained 

Differences  in  Texture  of  the  Emulsified  Layer — 
The  Vacuum  steam  test  bases  its  classification  of  oils  upon  the 
texture  of  the  emulsified  layer— a  light,  foam-lilie  texture 
having  no  special  significance  and  casting  no  reflection  on  the 
quality  of  the  oil  tested,  while  a  thick,  creamy,  and  homogene- 
ous texture  indicates  poor  refining.  The  Vacuum  Company, 
therefore,  seems  to  regard  this  difference  in  texture  as  a  differ- 
ence in  kind.    The  author  has  found,   however,  that  this 


difference  is  not  so  much  in  kind  as  in  degree,  and  that  a  light, 
foamy  emulsion  layer  is  caused  by  the  presence  in  the  oil  of 
a  nuich  smaller  amount  of  slop  or  emulsion-forming  bodies 
than  is  found  in  oil  yielding  a  heavy,  creamy  emulsified  layer. 

This  can  be  demonstrated  in  a  number  of  ways:  (a)  by 
introducing  into  an  oil.  A,  of  very  rapid  demulsibility  and 
no  emulsified  layer,  a  small  amount  of  oil,  B,  which  yields  a 
pronounced  slop ;  or  (6)  introducing  into  oil  A  a  small  amount 
of  the  isolated  slop  from  oil  B;  and  then  running  a  Con- 
radson demulsibility  test  on  such  mixtures. 

If  the  slop  were  a  definite  compound  that  was  thrown  out 
of  the  oil  by  the  steam,  it  could  reasonably  be  expected  that 
in  the  two  experiments  cited  an  emulsified  layer  would  be 
formed  of  the  same  creamy  texture  as  oil  B  itself  yielded,  only 
in  a  volume  proportionately  smaller.  Such,  however,  was  not 
the  case.  The  emulsified  layer  in  the  two  mixtures  came  down 
light  and  foam-like  in  texture,  growing  denser  and  finer,  or 
lighter  and  more  open,  according  as  the  amount  of  oil  B  in  A 
was  increased  or  diminished. 

Unfortunately,  it  cannot  be  assumed  that  the  amount  of 
emulsified  layer  is  in  all  cases  proportionate  to  the  content  of 
emulsion-forming  bodies  in  an  oil.  This  is  because  the  ra- 
pidity of  the  breakdown  of  the  bubbles  formed  during  emul- 
sification depends  not  only  on  the  freedom  of  the  oil  from 
such  bodies,  such  as  soaps,  oil-soluble  colloids,  etc.,  but  also 
on  the  comparatively  low  viscosity  of  the  material  tested. 
Should  the  oil  have  a  high  viscosity,  that  feature  would  in 
itself  retard  the  breakdown  of  the  emulsion,  even  though  en- 
tirely free  of  impurities. 

The  question  then  arises — when  an  oil  of  comparatively 
high  viscosity  shows  an  emulsified  layer,  how  can  one  de- 
cide whether  it  is  due  solely  to  the  increased  body  of  the  oil 
or  to  impurities  present?  This  point  can  be  settled  either  by 
diluting  with  a  lighter  viscosity  oil  of  perfect  demulsibility 
to  a  standard  viscosity  (and  for  that  purpose  200  viscosity  at 
100  suggests  itseU"  as  most  appropriate),  or  by  repeating  the 
demulsibility  test  on  the  same  sample  of  oil.  If  the  emulsi- 
fied layer  is  due  to  emulsion-forming  bodies  present  in  the  oil, 
these  will  be  largely  removed  by  the  first  steaming,  and  a 
second  steaming  of  the  same  sample  will  show  a  marked 
reduction  in  the  volume  of  the  emulsion  layer  and  in  the  time 
of  separation;  whereas  if  the  layer  is  due  merely  to  high  vis- 
cosity, repeated  steaming  will  not  materially  reduce  the  vol- 
ume of  the  emulsified  layer  or  the  time  of  separation. 

Position  with  Respect  to  Oil  and  Water  Latbes — So 
far,  we  have  been  dealing  with  the  appearance  and  volume 
of  the  emulsified  layer.  Still  more  interesting  information 
is  obtainable  from  its  position  with  respect  to  the  oil  and 
water  layers. 

As  already  indicated,  the  various  impurities  existing  in  a 
treated  and  finished  oil  may  be  roughly  divided  into  two 
classes.  The  predominant  and  most  frequently  occurring 
class  consists  of  bituminous  colloids  derived  from  the  tarry 
matter  in  the  sludge  or  otherwise,  which  are  oil-soluble  in 
nature;  hence,  tending  to  form  water-in-oil  emulsions  in 
the  presence  of  water.  Besides  these,  the  oil  frequently 
contains  traces  of  water-soluble  bodies,  such  as  soda  soap, 
sodium  sulfonates,  etc.,  which  tend  to  form,  not  water-in-oil, 
but  oil-in-water,  emulsions  in  the  presence  of  water.  Ac- 
cording to  whether  the  one  or  the  other  class  of  emulsifying 
agents  is  present  or  predominant  in  the  oil,  the  latter  yields, 
under  the  Conradson  steam  test,  a  differently  "placed"  or 
"built-up"  emulsified  layer. 

In  the  presence  of  oil-soluble  colloids  there  is  a  sharp  line 
of  demarcation  between  the  upper  surface  of  the  emulsified 
layer  and  the  oil  above  it,  while  the  lower  surface  is  wavj^ 
uneven,  and  indefinite.  The  enuilsified  layer,  furthermore, 
is  densest  at  its  upper  level  and  grows  lighter  and  more  open 
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at  its  lower  level,  the  whole  layer  appearing  to  extend  down- 
ward from  the  oil  stratum  into  the  water  stratum.  This 
kind  of  emulsion  is  of  the  water-in-oil  phase,  as  is  to  be  ex- 
pected when  the  emulsifying  agent  is  of  the  oil-soluble  type. 

When  water-soluble  emulsifjang  agents  are  present,  the 
exact  reverse  takes  place.  The  sharp  line  of  demarcation 
now  appears  between  the  lower  surface  of  the  emulsified 
layer  and  the  water  beneath  it,  while  the  upper  surface  is 
irregular  and  indefinite.  Furthermore,  the  emulsified  stratum 
is  densest  at  its  lower  level  and  grows  more  open  in  texture  at 
the  upper,  the  entire  emulsified  stratum  appearing  to  extend 
upward  from  the  water  into  the  oil  stratum.  This  kind  of 
emulsion  is  of  the  oU-in-water  phase,  since  it  is  produced  by 
a  water-soluble  emulsifier.  Oils  containing  such  water- 
soluble  soaps,  even  in  exceedingly  minute  amounts,  froth  and 
lather  excessively  during  steaming,  and  may  even  run  over 
the  rim  of  the  cylinder  if  great  care  is  not  taken. 

In  less  frequent  cases,  where  both  classes  of  emulsifying 
agents  are  present,  both  the  oil-in-water  and  water-in-oil 
phases  may  be  encountered  in  the  same  emulsified  layer.  In 
such  cases  there  is  no  sharp  line  of  demarcation  between  the 
emulsified  layer  and  either  the  oil  above  or  water  below. 
Instead,  it  exists  as  a  band  which  appears  densest  at  its  cen- 
ter, and  extends  unevenly  and  with  diminishing  density 
both  upward  into  the  oil  and  downward  into  the  water 
stratum. 

These  phenomena  may  be  conveniently  demonstrated  by 
incorporating  into  a  perfect  demulsibihty  oil  smaU  per- 
centages of  (a)  neutralized  sludge  or  calcium  soaps,  (6) 
water-soluble  sodium  soaps,  or  (c)  combinations  thereof, 
and  studying  the  behavior  of  these  mixtures  under  the 
Conradson  demulsibijity  test.  The  steamed  mixtures  may 
even  be  allowed  to  cool  and  then  shaken  by  hand,  and  as  in 
that  way  the  individual  bubbles  move  more  slowly  and  are  of 
far  larger  size  than  under  vigorous  steaming,  it  is  possible  to 
watch  with  the  naked  eye  the  gradual  accretion  of  the  mass 
of  bubbles  into  an  emulsified  layer  and  its  subsequent  break- 
down on  standing ;  this  is  indeed  an  interesting  and  absorbing 
study,  as  it  reveals  more  strikingly  than  anything  else  the 
essential  difference  in  the  behavior  of  an  oil-in-water  and  a 
water-in-oU  phase  of  emulsion,  and  makes  it  clear  why  the 
two,  when  building  up  between  the  oil  and  water  strata, 
should  assume  the  form  they  actually  do,  as  described  in 
the  three  preceding  paragraphs. 

It  can  tlaus  be  seen  that  from  the  relative  position  of  the 
emulsified  layer  can  be  deduced  the  character  of  the  impuri- 
ties present  in  the  oil — particularly  whether  of  an  oil-soluble 
class,  such  as  neutralized  sludge  and  tar  bodies,  or  of  the 
water-soluble  class,  such  as  sodium  soaps;  and  from  the 
texture  and  density  as  well  as  volume  of  that  layer,  a  roughly 
quantitative  estimate  may  even  be  made  of  the  amount  of 
such  impurities.  Further  work  along  these  lines  is  now 
being  done,  which  it  is  hoped  will  enable  us  to  amplify  the 
foregoing  observations. 

Significance  of  Test 

The  question  now  naturally  arises — what  is  the  real  sig- 
nificance of  all  such  information  as  this,  as  far  as  the  actual 
quality  of  the  oil  is  concerned? 

More  specifically,  it  is  contended  that  a  demulsibUity  test 
would  serve  admirably  in  ascertaining  the  suitability  of  a 
turbine  oil  or  a  marine  engine  oil,  as  both  of  these  oils  are  in 
continuous  contact  with  steam  or  water;  yet,  the  promptest 
separation  is  essential  in  the  former  wlule  the  most  stable 
emulsification  is  desirable  in  the  latter.  But  inasmuch  as 
the  greater  part  of  lubricating  oil  production  of  present-day 
refineries  consists  of  motor  oil,  which  normally  does  not 
come  in  contact  with  water  at  all,  why  worry  about  the 


demulsibihty  test?  The  appropriate  answer  to  this  question 
may  be  gathered  from  what  has  been  submitted  earlier  in 
this  paper — namely,  that  it  is  quite  true  the  speed  of  demul- 
sification  is  not  a  factor  of  primary  importance  in  internal- 
combustion  engines;  but  the  demulsibihty  test  also  yields  in- 
formation having  to  do  with  the  quaUty  of  the  oil  and  its 
freedom  from  impurities,  a  matter  evidently  entirely  apart 
from  its  demulsification  tendency,  and  such  additional 
information  is  of  undoubted  importance  whether  the  oil 
normally  comes  in  contact  with  water  or  not. 

But  even  so,  it  may  be  argued,  inasmuch  as  the  content  of 
impurities,  whether  oil-soluble  or  water-soluble,  is  admittedly 
very  small,  how  can  we  prove,  even  if  these  were  deleterious 
to  the  oil  in  large  amounts,  that  the  small  traces  actually 
present  could  affect  the  oU  to  any  noticeable  extent?  Fi- 
nally, bearing  in  mind  that  many  of  the  lubricants  in  high 
standing  in  the  market  are  intentionally  blended  with  fatty 
oUs  and  soaps  to  impart  certain  desirable  qualities  to  them, 
how  can  we  tell  but  that  these  foreign  ingredients  revealed 
in  the  oil  by  the  Conradson  test  do  actuaUy  increase  its  lu- 
bricating value,  efficiency,  and  durability? 

It  is  indeed  difficult  to  answer  these  questions  with  as- 
surance. However,  even  conceding  for  the  sake  of  argument 
that  the  foreign  bodies  referred  to  do  benefit  the  oil,  or  are 
perfectly  harmless,  a  chemist  has  a  right  to  know,  and  the 
plant  management  should  want  to  know,  whether  a  partic- 
ular oil  has  been  carefully  refined  and  cleaned,  and  the  Con- 
radson test  will  give  him  information  on  tha,t  point. 

However,  who  wUl  say  that  these  complex  bodies  under  dis- 
cussion do  not  hurt  the  oU?  No  one  can  deny  that  there  has 
been  considerable  conjecturing  in  lubricating  circles  as  to  the 
causes  of  certain  well-known  breakdown  phenomena  in  oUs 
under  service.  Many  hypotheses  have  been  advanced  to 
explain  why  some  oils  last  so  much  longer  than  others,  why 
some  oUs  seem  to  deposit  much  carbon  and  others  do  not, 
and  why,  in  fact,  the  production  from  the  same  refiner 
makes  a  brilliant  service  record  one  time  and  faUs  dismally 
the  next.  These  hypotheses  are  gradually  crystaUizing 
into  two  distinct  theories — namely,  the  "cracking"  theory  and 
the  "oxidation"  theory.  According  to  the  former  the  oU  is 
cracked  by  the  exceedingly  high  temperatures  to  which  it  is 
subjected  in  the  cylinders,  and  carbonizing  sets  in  as  a  result. 
The  "oxidization"  theory  is  that  actual  cracking  does  not  take 
place  to  any  large  extent,  but  that  the  oU,  being  at  all  times 
in  contact  with  the  air,  wiU,  at  the  moderately  high  tempera- 
tures to  which  the  oU  is  exposed  in  service,  o.xidize  to  form 
tarry,  insoluble  bodies  which  eventually  carbonize;  and  that 
the  presence  of  sludge  or  other  tarry  impurities  in  the  oil, 
or  contact  ■with  the  surfaces  or  dust  of  certain  metal  catalysts, 
will  considerably  aggravate  this  oxidization  tendency. 

The  ■i\Titer  is  inchned  to  beheve  that  there  is  a  certain 
amount  of  truth  in  both  theories,  and  that  the  disintegration 
of  oil  is  due  in  part  to  cracking  and  in  part  to  oxidation. 
When  we  bear  in  mind  the  tremendous  heat  generated  at  the 
point  of  explosion  in  the  combustion  chamber,  it  is  easy  to 
see  that  cracking  can  undoubtedly  take  place  through  oil 
working  past  the  piston  rings  into  this  cracking  zone,  and 
after  partial  carbonization  dribbling  back  on  the  return 
.stroke  to  the  main  body  of  the  oU.  Furthermore,  if  this  may 
be  expected  of  a  perfectly  refined  petroleum  oU,  cracking  of 
a  much  more  aggravated  form  can  be  anticipated  when  the 
oU  contains  the  notoriously  unstable  sulfuric  esters  and  alkyl 
sulfates  wliich  are  always  formed  when  olefins  are  treated 
with  sulfuric  acid,  and  which  tend  to  break  up  (even  in  storage 
at  atmospheric  temperatures)  into  complex  alcohols  and  sul- 
furic acid.  This  freeing  of  sulfuric  acid  from  its  esters  is 
no  doubt  often  responsible  for  a  large  portion  of  the  acidity 
which  develops  in  all  lubricating  oUs  on  standing,  and  par- 
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ticularly  in  service.  And  it  is  these  decomposed  and  easily 
carbonized  and  corrosive  bodies,  among  others,  that  would 
have  to  stand  scrutiny  when  we  decide  whether  or  not  tlie 
impurities  left  over  from  the  acid  treatment  are  deleterious, 
and  how  they  would  affect  the  oil  in  actual  service. 

Approaching  this  question  from  the  angle  of  oxidization, 
we  must  bear  in  mind  the  powerful  catalytic  action  exerted 
by  the  presence  of  so-called  asphaltic  bodies,  in  encouraging 
the  oxidation  of  lubricating  oils  when  subjected  to  moderately 
high  temperatures  in  the  presence  of  air,  thus  forming  ad- 
ditional gummy,  resinous,  naphtha-insoluble  bodies  (as 
brought  out  so  forcibly  by  the  extensive  researches  of  Mr. 
Waters  of  the  Bureau  of  Standards).  The  close  kinship  be- 
tween these  asphaltic  bodies  and  the  colloidal  bituminous 
bodies  of  the  oO-soluble  type  derived  from  neutralized  sludges 
that  are  discussed  in  this  paper,  as  well  as  between  the  condi- 
tions of  the  oxidation  tests  conducted  by  Mr.  Waters  and 
those  prevaiUng  in  the  chassis  of  an  automobile,  is  quite  ap- 
parent. It  seems  clear,  therefore,  that  when  a  substantial 
amount  of  such  bodies  exists  in  an  oil,  as  will  be  revealed  in 
the  Conradson  test,  it  may  be  expected  that  such  an  oil  will 
oxidize  and  gum  up  readily  in  service. 

From  this  discussion  it  would  seem  plausible  that  the  elimi- 
nation of  aU  ingredients  in  mineral  lubricating  oils  which  tend 


to  form  any  kind  of  emulsified  layer,  would  at  the  same 
time  tend  to  cut  down  the  possibiUty  of  either  cracking  or 
oxidization  in  the  oU  in  service. 

It  would  no  doubt  be  too  radical  a  demand  at  this  time  to 
require  that  all  oils  be  acid-treated  with  such  nicety  and 
precision  (or  that  a  less  perfect  treatment  be  supple- 
mented by  such  thorough  filtering  or  alcohol  purification) 
that  the  finished  oil  will  show  absolutely  perfect  demulsi- 
liility  under  the  Conradson  test,  without  any  trace  of  emul- 
sified layer;  but  at  least  it  seems  pertinent  to  suggest  the 
advisability  of  specifying  that  where  an  oil  does  yield  an 
emulsified  layer  under  that  test,  it  shall  be  merely  of  a  light, 
foamy  character  and  not  dense  and  homogeneous. 

This  phase  of  the  Conradson  demulsibility  test  well  merits 
further  study,  and  while  many  other  demulsibility  tests  have 
since  been  proposed,  each  of  which  has  many  points  in  its 
favor,  none  of  the  latter  seem  well  adapted  for  the  observa- 
tion and  study  of  the  impurities  thrown  down  by  the  steam- 
ing, as  the  Conradson  method  undoubtedly  is;  and  which- 
ever method  is  finally  adopted  for  the  determmation  of  the 
speed  of  demulsibility  proper,  it  is  hoped  the  Conradson 
test  will  continue  serving  the  chemist,  as  the  criterion  of 
cleanness  and  purity  in  oil. 
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THE  specific  methods 
for  determining  un- 
saturated compounds 
in  the  presence  of  aromat- 
ics  may  be  divided  into  two 
classes : 

I — Methods  indicating  rela- 
tive saturation,  by  deter- 
mination of: 

(1)  Maumene  number 

(2)  Bromine  number 
(.3)  Iodine  number 

II — Methods  depending  on 
the  actual  removal  of  un- 
satura  ted  hydrocarbons 
by: 

(1)  Aluminium  or  zinc  chloride 

(2)  Sulfuric  acid  of  various  concentrations 

(3)  Mercuric  acetate 

None  of  these  methods  was  considered  satisfactory  as  giving 
accurate  data  on  the  percentages  of  unsaturated  hydrocarbons 
in  the  mixture  in  question,  but  sufficient  interest  attaches  to 
the  investig-ations  to  warrant  their  review  here. 

Methods  Indicating  Relative  Uns-'^.turation 

These  methods  were  investigated  with  a  view  to  finding  a 
measure  of  efficiency  of  separation,  since  the  reduction  of 
1  per  cent  potassium  permanganate  solution  proved  too 
delicate  to  indicate  the  reduction  of  unsaturation  in  the  suc- 
cessive steps.  The  Maumene  number,  a  measure  of  the 
temperature  rise  of  a  mixture  of  the  oil  in  question  with  con- 

1  Presented  before  the  Section  of  Gas  and  Fuel  Chemistry  at  the  64th 
Meeting  of  the  American  Chemical  Society,  Pittsburgh.  Pa.,  September  4 
to  S,  1922.      Part  I  appeared  in  the  June  issue  of  This  Journal. 


In  a  previous  instalment  of  this  paper  the  examination  of  phenols 
from  low-temperature  coal  tar  has  been  treated,  and  a  procedure 
given  for  separating  the  hydrocarbons  into  a  portion  containing 
paraffins  and  naphthenes  and  another  portion  containing  unsaturated 
and  aromatic  compounds.  The  method  for  estimating  the  proportions 
of  constituents  in  the  first  portion  has  been  discussed.  The  present 
section  deals  with  the  separation  of  aromatic  and  unsaturated  com- 
pounds from  a  mixture.  The  method  finally  adopted,  after  studying 
various  unsuccessful  methods  of  determining  each  in  the  presence  of 
the  other,  as  well  as  the  actions  of  aluminium  chloride,  sulfuric  acid, 
and  mercuric  acetate,  was  extraction  by  liquid  sulfur  dioxide, 
which,  when  carefully  controlled,  yielded  a  fairly  pure  fraction  of 
unsaturated  hydrocarbons  on  account  of  the  absence  of  the  more  than 
traces  of  aromatics  in  the  low-temperature  tars. 


centrated  sulfuric  acid,  al- 
though thoroughly  investi- 
gated for  light  hydrocar- 
bons,-was  found  unreliable, 
especially  for  liighly  unsatu- 
rated oils,  and  was  un- 
suited  to  modification.  A 
similar  investigation  has 
been  made-  of  a  represen- 
tative bromine-absorption 
method,^  but  this  was  un- 
satisfactory on  account  of 
substitution*  as  well  as  ad- 
dition reactions.  For  this 
reason  the  use  of  the  bro- 


mine number,  even  when 
compensated  for  substitution  reactions,  is  less  desirable  than 
the  iodine  number. 

Iodine  Number — A  Hanus  iodine  solution  was  prepared  and 
used  according  to  standard  procedure  in  the  determination  of 
the  iodine  numbers  of  low-temperature  hydrocarbons  after 
various  treatments.  The  erratic  and  nonconcordant  results 
obtained  prompted  an  investigation  of  this  method,  with  the 
purpose  of  so  standardizing  the  conditions  that  consistent 
data  could  be  secured.  The  principal  factors  of  consequence 
were  found  to  be:  (1)  the  ratio  of  bromine  to  iodine  in  the 
Hanus  solution,  (2)  the  weight  of  sample  used,  and  (3)  the 
time  of  reaction. 

The  effect  of  a  change  of  the  bromine-iodine  ratio  under 
similar  exjjerimental  conditions  upon  a  hydrocarbon  sample 

!  Dean  and  Hill,  Bur.  Mines,  Tech.  Paper  181  (1917). 

3  Mcllhiney,  J.  Am.  Chem.  Soc,  21  (1899),  1084. 

»  Fischer  and  Gluud,  Ges.  Abhandl.  Kennlnis  Kohle.  2  (1917),  315,  ex- 
perienced difficulties  from  substitution  reactions  in  the  use  of  the  bromine 
number  as  a  test  of  the  degree  of  refining  of  low-temperature  benzines. 
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obtained  in  the  course  of  treatment  of  Fraction  237°-287°  C. 
was  studied.  The  iodine  number  was  80  when  the  Hanus 
solution  contained  very  nearly  the  prescribed  atomic  propor- 
tions of  bromine  and  iodine.  This  value  was  increased  to  124 
by  adding  more  bromine  to  the  solution,  and  decreased  to 
73  by  adding  more  iodine.  The  changes  made  in  the  ratio 
were  somewhat  greater  than  would  be  encountered  in  ordinary 
practice,  but  serve  to  emphasize  the  necessity  of  bringing  a 
Hanus  solution  to  exactly  the  same  strength  and  proportions 
if  strictly  concordant  results  are  to  be  expected.  Moreover, 
even  a  slight  increase  of  bromine  over  iodine  accentuates  the 
dependence  of  the  iodine  number  upon  the  weight  of  sample. 
An  increase  in  the  weight  of  the  sample  taken,  or  a  decrease 
in  the  excess  of  the  reagent  used,  was  found  to  lower  the  iodine 
number  greatly.  Consistent  results  could  not  be  secured, 
moreover,  even  when  the  recommended  excess  of  60  per  cent 
of  the  reagent  was  greatly  exceeded.  Table  I  summarizes  a 
typical  experiment  made  vnih.  a  Hanus  solution  containing 
shghtly  more  iodine  than  bromine,  and  used  with  a  minimum 
excess  of  80  per  cent.  The  oil  employed  was  a  sample  of 
Fraction  173°-237°  C.  of  a  low-temperature  tar,  from  which  a 
portion  of  the  unsaturated  compoiuids  had  been  removed. 
The  decrease  in  the  iodine  number  ■ndth  slight  increases  in  the 
weight  of  the  sample  is  very  marked  and  uniform. 


Table  I- 

JUMBER  w 

-Variation  of  Iodine 
iTH  Weight  of  Sample 

Table  II — Variation  of  Iodine 

Number  with  Boiling  Point  op 

Sample 

Weight 

Sample 

G-. 

Iodine 

Number 

Fraction 
B.  p. 
°  C. 

Depression 
per  Mg. 

0.1090 
0.1331 
0.1515 
0.2000 

56.3 
52.2 
49.  S 
44.9 

20  to  173 
173  to  237 
237  to  281 
281  to  315 
315  to  326 

0.02 
0.11 
0.18 
0.26 
0.30 

Table  II  shows  that  this  functional  variation  of  the  iodine 
number  with  the  weight  of  the  sample  depends  upon  the  boil- 
ing point,  or  molecular  weight,  of  the  oil  examined,  and  is 
greatest  in  the  highest  boiling  fractions.  Tliis  set  of  figures 
was  obtained  with  a  Hanus  solution  containing  a  marked  excess 
of  iodine  over  bromine,  and  represented  conditions  of  mini- 
mum fluctuation.  Each  unit  depression  of  the  iodine 
number  per  millogram  increase  in  the  weight  of  sample 
taken  for  analysis  liolds  only  in  the  neighborhood  of  100-mg. 
samples,  since  the  relationship  is  not  quite  linear.  Each 
value  tabulated  is  the  mean  of  at  least  six  pairs  of  determina- 
tions of  the  iochne  numbers  of  the  respective  fractions  in  va- 
rious stages  of  the  removal  of  the  unsaturated  hydrocarbons. 
It  is  evident  that  the  iodine  numbers  of  the  fir.st  fractions  are 
practically  independent  of  the  weight  of  the  sample,  wliile  that 
of  the  highest  fraction  decreases  by  nearly  one  unit  for  each 
increase  of  3  mg.  over  the  100-mg.  sample. 

The  iodine  numbers  become  larger  when  added  time  is 
allowed  for  reaction.  Thus,  a  sample  of  treated  oil  from 
Fraction  237  °-28I  °  C.  increased  from  80  to  93  in  an  additional 
30-min-.  digestion.  This  factor  is  readily  controlled,  of  course, 
but  serves  to  emphasize  the  empirical  nature  of  the  determi- 
nation. 

A  consideration  of  these  data  leads  to  the  following  con- 
clusions : 

(1)  The  iodine  numbers  determined  in  the  hydrocarbons  of 
low-temperature  tar  are  all  lower  than  the  theoretical  value,  the 
difference  being  least  in  the  first  fraction  and  greatest  in  the 
fraction  of  highest  boiling  point. 

(2)  They  approach  the  theoretical  values  more  closely  as 
smaller  samples  are  taken  for  analysis,  as  larger  excesses  of  the 
reagent  are  employed,  as  longer  time  is  allowed  for  digestion, 
and  as  larger  proportions  of  bromine  to  iodine  are  employed. 

(3)  When  the  ratio  of  bromine  to  iodine  exceeds  the  atomic 
proportions,  however,  substitution  reactions  cause  a  large  and 
fictitious  increase  in  the  iodine  numbers.' 


» Johansen,  This  Journal,  14  (1922),  288,  reports  substitutic 
in  petroleum  products  with  the  standard  Hanus  solution. 


Since  the  completion  of  these  experiments  a  thorough 
study  has  been  reported^  of  the  determination  of  the  iodine 
numbers  of  cracked  gasolines,  and  of  the  olefins,  diolefins, 
and  other  compounds  which  they  are  likely  to  contain. 
The  maximum  values  obtained  'ndth  the  Hanus  solution 
as  ordinarily  prepared  were  stated  to  give  the  true  unsatura- 
tion  of  olefins.  In  this  case,  the  effect  of  variations  in  the 
weight  of  the  sample  was  the  reverse  of  that  reported  for  the 
low-temperature  tar  hydrocarbons — i.  e.,  greatest  for  com- 
pounds of  lowest  molecular  weight.  This  was  explained  by 
the  fact  that  for  a  given  weight  of  olefin  the  same  quantity 
of  reagent  furnishes  a  greater  excess  for  a  substance  of  high 
than  for  one  of  low  molecular  weight.  Unsaturated  hydro- 
carbons such  as  occur  in  low-temperature  coal  tars  contain 
several  double  bonds,  however,  and,  like  the  diolefins,  behave 
quite  differently  from  the  olefins. 

All  iodine  numbers  reported  in  the  following  experiments 
were  obtained  with  a  Hanus  iodine  solution  containing  an 
excess  of  iodine  over  bromine.  This  solution  was  always 
used  in  80  per  cent  excess  with  a  30-min.  period  of  digestion. 
Determinations  were  made  in  duplicate,  with  one  sample 
slightly  hea^-icr  and  the  other  slightly  lighter  than  100  mg. 
The  reported  value  was  found  by  interpolation  for  100  mg. 
While  such  results  have  small  theoretical  significance,  they 
are  strictly  comparable  one  wth  another,  and  permit  a  quan- 
titative study  of  the  progress  of  the  removal  of  the  unsaturated 
hydrocarbons. 

Removal   of   Unsatueated   Hydrocarbons 

Aluminium  and  Zinc  Chlorides — The  functions  of  an- 
hydrous aluminium  chloride  as  an  agent  in  the  removal  of 
unsaturated  compounds'  from  hydrocarbon  mixtures  lie  in 
its  ability  (1)  to  form  addition  compounds  wth  them,  and 
(2)  to  poljinerize  them  to  a  tar.  Zinc  chloride  has  the  same 
effect.  Thus,  if  the  mixture  is  agitated  -with  the  reagent 
and  then  redistilled,  the  distillate  is  found  to  contain  a  smaller 
proportion  of  unsaturated  compounds.  This  procedure  has 
been  employed  in  the  treatment  of  the  benzine  from  low- 
temperature  tars*  TNTth  the  production  of  products  stable  to 
light  and  air,  although  the  distillate  had  a  liigher  density 
than  the  original  mixture  and  stiU  contained  unsaturated 
compounds.  An  added  objection  is  the  possibility  of  inter- 
action between  the  aluminium  chloride  and  any  higher 
aromatic  hydrocarbons  which  may  be  present.'  This  proc- 
ess, therefore,  has  more  to  commend  it  as  a  method  of  re- 
fining  than    of   analyzing   low-temperature   hydrocarbons. 

Sulfuric  Acid — The  use  of  sulfuric  acid  has  been  the 
almost  universal  method  of  removing  and  estimating  un- 
saturated hydrocarbons  either  in  the  presence  or  absence  of 
aromatics.  The  conditions  have  varied  -n-idely — concentra- 
tions from  80  per  cent  to  oleum,  proportions  from  5  to  200 
per  cent  by  volume,  and  temperatures  from  0°  C.  to  the 
boiling  point  of  the  oil  have  been  emploj'ed.  It  was  known 
to  the  advocates  of  tliis  procedure  that  strong  agitation  with 
200  per  cent  by  volume  of  95  per  cent  sulfuric  acid  as  a 
method'  of  estimating  unsaturation  results  in  the  partial 
sulfonation  of  any  aromatics,  such  as  xjdene,  which  may  be 
present.  Nevertheless,  its  application  has  not  been  con- 
fined to  oils  of  negligible  aromatic  content.    Equal  volumes 

'  Faragher,  Cruse,  and  Gamer,  This  Journal,  IS  (1921),  1044. 

'  Heusler,  Z.  angew.  Chem.,  9  (1896),  288,  318;  Henderson  and  Gangloff, 
J.  Am.  Chem.  Soc,  38  (1916),  1382;  Gangloff  and  Henderson,  Ibid.,  39  (1917), 
1420. 

8  Moore  and  Egloff,  Met.  Chem.  Eng.,  17  (1917),  61,  128. 

•  Dean  and  Hill,  loc.  cil.,  developed  a  Babcock  bottle  procedure  modi- 
fied from  the  suggestion  of  Egloff  and  Twomey,  Mel.  Chem.  Eng.,  14  (1916), 
247. 
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of  95  per  cent  acid  have  been  employed'"  to  remove  olefin 
preliminary  to  the  estimation  of  aromatic  hydrocarbons, 
and  twice  this  ratio  in  the  determination  of  unsaturated 
compounds  in  shale  oils"  in  which  aromatic  hydrocarbons 
also  occur.  Moreover,  the  solution  of  the  polymerized  un- 
saturated hydrocarbons  in  the  neutral  residue,  and  in  some 
cases  the  presence  of  acid-soluble  bases,  have  also  been 
neglected. 

It  is  only  fair  to  state,  however,  that  in  general  these 
investigators  have  not  been  blind  to  the  errors  inherent  in 
their  procedures.  Experience  has  shown  that  there  is  no 
concentration  of  acid  capable  of  rerao\'ing  the  olefins,  ex- 
cept very  approximately,  without  at  the  same  time  attack- 
ing the  aromatics,  or  even  the  naphthene  and  paraffin  hy- 
drocarbons. There  seems  no  escape  from  the  conclusion'^ 
that  there  is  at  present  no  method  for  the  quantitative  de- 
termination of  unsaturated  hydrocarbons.  In  the  absence 
of  a  more  specific  reagent,  however,  recourse  has  been  taken 
to  concentrated  sulfuric  acid  as  a  means  of  securing  results 
that  are  at  least  of  comparative  value. 

Several  experiments  with  sulfuric  acid  under  various  con- 
ditions were  made  with  the  hydrocarbon  mixtures  from  a 
low-temperature  tar.  Since  most  of  the  data  reported  in 
the  literature  deal  exclusively  with  the  olefins,  it  seeihed  ad- 
visable to  subject  the  cyclic  unsaturated  compounds  of  low- 
temperature  tars  to  further  study.  The  results  served 
chiefly  to  emphasize  again  the  shortcomings  of  the  sulfuric 
acid  method. 

Experiments  on  the  sulfonation  of  commercial  xylene  with 
an  excess  of  acid  (two  to  three  volumes)  proved  that  sulfona- 
tion takes  place  slowly  but  continuously  in  the  cold  with  all 
concentrations  of  acid  above  SO  per  cent.  A  sample  of  xy- 
lene was  reduced  to  one-third  of  its  original  volume  after 
5  hrs.  agitation  with  an  equal  volume  of  95  per  cent  sulfuric 
acid.  The  sulfonation  was  only  0.45  per  cent,  however, 
when  acid  of  the  same  strength  was  used  with  ten  volumes  of 
the  oil.  These  blank  runs  must  be  borne  in  mind  in  con- 
sidering the  following  results. 

The  lower  fractions  of  the  low-temperature  tar  hydrocar- 
bons proved  more  amenable  to  acid  treatment  than  the 
higher  fractions,  and  were  studied  more  extensively.  Frac- 
tion 173°-237°  C.  was  subjected  successively  to  five  treat- 
ments at  room  temperature  with  80  per  cent,  six  with  82 
per  cent,  three  with  85  per  cent,  and  two  with  90  per  cent 
sulfuric  acid,  in  proportions  ranging  from  25  to  50  per  cent 
of  the  oil,  and  over  periods  of  agitation  varying  between  20 
min.  and  20  hrs.  The  iodine  number  was  reduced  rapidly 
in  the  first  treatments,  but  with  decreasing  decrements  hi 
the  last  ones.  Unsaturated  hydrocarbons  survived  this 
treatment  in  considerable  quantity.  The  relative  effective- 
ness of  the  various  steps  in  this  procedure  may  be  summarized 
as  follows:  U  hrs.  agitation  with  an  equal  volume  of  80 
per  cent  acid  reduced  the  iodine  number  from  84.7  to  58.1; 
a  similar  second  treatment  from  58.1  to  50.6;  and  finally, 
after  three  more  treatments  with  equal  volumes  of  85  per 
cent  acid,  the  iodine  number  became  20.6.  On  the  other 
hand,  14  hrs.  agitation  of  the  same  sample  with  an  equal 
volume  of  95  per  cent  acid  reduced  the  iodine  number  from 
84.7  to  9.3,  but  the  conditions  permitted  sulfonation. 

Experiments  in  which  the  oil  was  refluxed  at  its  boiling  point 
with  SO  per  cent  sulfuric  acid  in  varying  proportions'^  were 
only  slightly  more  successful.  An  equal  volume  of  acid 
reduced  the  iodine  number  from  84.7  to  33.0,  while  a  volume 

lORittman,  Twomey,  and   Egloff.  Mel.    Chem.  Ene..   13  (1915),  682; 
Moore  and   Egloff.  Ibid-.  17  (1917),  297. 

11  Botkin,  Ibid..  24  (1921),  S76;    Franks,  Ibid.,  26  (1921),  731. 

i:  Brooks  and  Humphrey.  /.  Am.  Chem.  Soc,  40  (1918).  822. 

"  Hackford,  discussion  of  paper  by  Thole,  J.  Soc.  Chem.  Ind.,  38  (1919), 


twice  that  of  the  oil  resulted  in  a  number  of  27.5.  This 
procedure,  moreover,  gave  rise  to  the  formation  of  a  large 
quantity  of  pulverulent  coke  in  the  flask,  and  the  quantita- 
tive separation  and  purification  of  the  residual  oil  involved 
considerable  experimental  difficulty. 

The  remaining  experiments  dealt  chiefl}'  with  the  effect  of 
small  quantities  of  acid  of  relatively  high  concentration. 
Using  90  per  cent  acid  in  proportions  of  5  to  25  per  cent  by 
volume  of  the  oil,  it  was  found  possible  to  reduce  the  iodine 
number  of  a  sample  of  Fraction  20°-237°  C.  from  84.7  to 
26.8  in  eight  successive  treatments.  Ninety-five  per  cent 
acid  was  then  substituted  for  the  purpose  of  increasing  the 
experimental  accuracy  by  a  reduction  in  the  number  of  treat- 
ments. It  was  employed  in  each  case  in  the  proportion 
of  about  10  to  15  per  cent  by  weight  of  the  oil,  and  thus  ap- 
proximated conditions  in  the  commercial  refiningof  petroleum'^ 
and  of  light  coal-tar  distillates.'"  Agitations  were  performed 
at  room  temperature,  and  from  20  to  30  min.  were  allowed 
for  each  treatment,  experiments  having  demonstrated  that 
little  gain  was  secured  by  longer  shaking.  The  results  of 
these  treatments  are  recorded  in  Table  III: 


T.1BI.E    III — Treatment 


Low-Temperature    Tar    Hydrocarbons 


WITH  95  Per  cent  Sulfur 
20°-173°  C.     173">-237°C.  237°-281°C.  2S1°-315°C.  315°-326"'C. 


Wt. 


I 

No. 


Wt. 


Wt. 


No. 


Wt. 


Wt. 


No. 


No. 


0  50.0  116.0  50.0     95.5      50.0     SS.3      50.0     80.1       50.0     79.6 

1  45.6  95.7  47.2     90.6      45.6     72.4      45.2     74.4      44.7     76.2 

2  43.4  79.7  43.8     69.7      43.9     62.1      42.9     65.6      42.0     70.6 

3  42.1  66.9  41.9     51.6      42.8     54.1      41.5     60.0      40.4     69.2 

4  40.8  59.2  40.4     41.8      41.6     47.7      40.3     5S.4      38.4     68.8 

5  39.7  50.8  40.3     46.4      39.3     54.1       37.1     68.7 

6  39.1  46.4  

7  38.7  43.9  

.S  37.6  40.0  

9  37.1  39.0  

A  50-g.  sample  of  each  fraction  was  agitated  with  10  to  15 
per  cent  by  weight  of  95  per  cent  sulfuric  acid  for  20  to  30 
min.,  and  the  layers  allowed  to  separate  in  a  50-cc.  buret. 
The  quantity  of  residual  oils  was  determined  by  direct 
weighing  of  the  buret  and  its  contents.  A  very  small  sample 
was  removed  in  each  case,  and  washed  with  alkali  for  the 
iodine  number  determination.  Correction  for  this  sampling 
has  been  made  in  the  recorded  data.  Each  fraction  was  treated 
in  duplicate  for  the  entire  series  of  agitations,  and  the  closely 
concordant  results  obtained  demonstrated  the  reliability  of 
the  methods  employed,  both  in  the  weighings  and  in  the 
iodine  number  determinations. 

These  results  are  given  in  Fig.  1,  in  which  the  iodine  num- 
liers  have  been  plotted  against  the  percentages  of  decrease 
in  weight.  The  iodine  numbers  have  also  been  ^jlotted 
against  the  average  boiling  points  of  the  respective  fractions. 

The  curves  showing  the  variation  of  the  iodine  numbers 
with  the  percentage  decrease  in  weight  of  each  fraction  are 
instructive.  The  upper  ranges  of  these  curves  should  be 
convex  in  the  opposite  direction,  if  it  may  be  presumed  that 
the  more  active  compounds,  which  have  the  lowest  molecular 
weights  and  the  highest  iodine  numbers,  are  the  first  to  be 
acted  upon.  That  the  reverse  situation  is  true  may  be  ex- 
plained readily  on  the  basis  of  polymerization,'-  which 
tends  to  lower  the  iodine  numbers  without  a  corresponding 
reduction  in  the  weight  of  the  residual  oils. 

Confirmatory  evidence  supporting  this  conclusion  was 
noted  during  the  experiments.  Thus,  the  curve  could  be 
made  much  steeper  if  the  residual  oil  was  not  separated 
immediately  from  the  acid  after  treatment,  but  was  allowed 
to  stand  in  contact  with  it  for  several  days.  Moreover, 
much  tar  was  formed  in  the  early  treatments  of  each  frac- 
tion. Since  olefins  do  not  polymerize  to  tars,  this  has  been 
cited'2  as  a  characteristic  of  diolefins.     It  may  be  pointed 

i<  Bacon  and  Hamor,  "The  American  Petroleum  Industry,"  2  (1916), 
460. 

15  Dodge,  Allen  Rogers'  "Manual  of  Industrial  Chemistry."  1920,  p.  563. 
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out  in  this  connection  that  the  cyclic  unsaturated  compounds 
of  low-temperature  tars  are  reported'*  to  contain  from  two 
double  bonds  in  the  lowest  to  five  in  the  highest  boiling 
fractions.  Finally,  polymerization  was  also  evident  from  the 
i  ncrease  in  density  of  the  residual  oils  in  the  lower  fractions, 

Average  B.  P.  of  Fractions,  °C. 

zoo  Z4C  280  320 -Ik 


4      6     12     16     20    24    28     32    36    40 

Fercent  Decrease  in  Weight 

Fig.  1 — Relation  between  Loss  of  Weight  and  Iodine  Number  of 
Low-Temperature  Tak  Hydrocarbons  when  Treated  with  95  Per  cent 
Sulfuric  Acid 

since  the  removal  of  unsaturated  compounds  alone  should 
not  lower  the  density.  This  increase  in  density  was  less 
marked  in  the  higher  fractions  and  disappeared  in  Fraction 
281°-315°  C.  because  of  the  insolubility  of  the  tarry  poly- 
mers. The  highest  boiling  fraction  showed  a  slight  decrease 
in  density. 

These  facts  lead  to  a  consideration  of  the  lower  sections  of 
the  curves  of  Fig.  1.  All  show  a  well-defined  point  of  inflec- 
tion, beyond  which  the  predominating  effect  is  not  polymeri- 
zation, but  a  reaction  involving  the  elimination  of  a  portion  of 
the  saturated  components.  In  Fraction  315°-326°  C.  tliis 
effect  balances  the  removal  of  the  unsaturated  compounds  to 
such  an  extent  that  the  iodine  number  remains  almost  un- 
changed after  the  first  two  treatments.  It  thus  becomes  ap- 
parent that  the  use  of  95  per  cent  sulfuric  acid  under  these 
conditions  is  ineffective  in  the  complete  removal  of  unsat- 
urated compounds,  and  that  in  the  liigher  fractions  the 
saturated  hydrocarbons  also  are  attacked. 

Mercuric  Acetate — Digestion  with  mercuric  acetate  has 
been  advocated"  as  a  volumetric  method  for  the  quantita- 
tive estimation  of  olefins  in  petroleum  oils.  It  is  stated  that 
if  this  salt  is  refluxed  for  8  hrs.  in  dilute  alcohol  solution  with 
the  oil,  it  will  combine  with  some  of  the  unsaturated  hydro- 
carbons and  oxidize  the  others.  The  saturated  residual  oils 
may  then  be  distilled  dS.  with  steam,  and  the  addition  com- 
pound remaining  decomposed  with  concentrated  mineral 
acid  to  regenerate  the  olefins. 

">  Pictet,  Ann.  chim.,  [9]  10  (191S),  249. 

"  Tausz,  Inaugural  Dissertation,  Karlsruhe.  1911;  Chem.  Ztg.,  42, 
(1918).  349;  Petroleum,  13  (1918),  649;  Tausz  and  Wolf,  Z.  angew.  Chem., 
321  ri919).  317. 


The  application  of  this  procedure  to  low-temperature  tar 
hydrocarbons  has  not  been  attended  with  any  marked  success. 
The  higher  fractions  in  particular  proved  relatively  inert 
toward  this  reagent,  and  only  slight  reductions  in  the  iodine 
number  were  obtained.  Moreover,  the  "apparatus  con- 
stant," or  loss  sustained  in  a  blank  test  with  a  saturated 
sample,  was  a  large  and  uncertain  factor  in  these  oils  of  high 
boiling  point.  Thus,  less  than  50  per  cent  of  the  volume  of 
sample  of  Fraction  281°-315°  C.  could  be  steam-distilled 
from  the  digestion  flask  in  5  hrs.,  and  the  problem  of  con- 
densing involved  further  error.  The  attempt  to  substitute 
extraction  for  steam  distillation  was  unsuccessful. 

The  low-boiling  fractions  proved  to  be  the  best  adapted  to 
treatment  with  mercuric  acetate.  While  no  more  than  a 
single  treatment  with  mercuric  acetate  has  been  specified" 
for  this  method,  multiple  digestions  were  found  necessary 
to  make  any  considerable  progress.  Two  successive  treat- 
ments of  Fraction  173°-237°  C.  reduced  the  iodine  number 
from  84.7  to  54.8  to  41.3.  Four  successive  treatments  re- 
duced the  iodine  number  of  Fraction  20°-173°  G.  from  116.0 
to  16.6.  The  results  of  this  series  of  runs  are  plotted  in  Fig. 
2,  together  with  the  curve  representing  the  sulfuric  acid  treat- 
ment of  the  same  fraction  (Fig.  1). 

These  digestions  were  made  with  oil  and  mercuric  acetate 
in  the  ratio  of  about  1 : 2  by  weight.  The  salt  was  dissolved  in  a 
large  excess  of  water  containing  10  per  cent  of  alcohol. 
Each  sample  was  refluxed  about  10  hrs.  and  then  steam-dis- 
tilled in  the  usual  manner.  The  curve  indicates  a  minimum 
amount  of  polymerization.  Tliis  is  confirmed  by  the  fact 
that  the  density  was  reduced  from  0.814  to  0.806  in  the  four 
treatments.  It  is  apparent  that  an  extension  of  the  curve 
can  be  made  to  intersect  the  horizontal  axis  at  a  point  corre- 


0      10     20    30    ^    50    60 

Percent.  Reduction  in  i/l/eigtJt 

Fig.  2 — Relation  between  Loss  of  Weight  and  Iodine  Number  of 
Low-Temperature  Tar  Hydrocarbons,  Fraction  20°-173°  C,  when 
Treated  Successively  with  Mercuric  Acetate  or  with  95  Per  cent 
SuiFuRic  Acid 
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spending  with  the  percentage  of  unsaturated  phis  aromatic 
hydrocarbons  (determined  by  98  per  cent  sulfuric  acid) 
in  the  neutral  oils  of  this  fraction.  Since  blank  runs  show 
the  mercuric  acetate  to  be  without  'effect  on  aromatics  such 
as  xylene  under  the  conditions  of  the  experiment,  this  extra- 
polation may  be  taken  as  confirmatory  evidence  of  the  great 
preponderance  of  unsaturated  over  aromatic  hydrocarbons  in 
the  low-boiling  fractions  of  low-temperature  tars. 

Two  observations  cast  some  doubt  on  the  exactness  of  the 
mercuric  acetate  method.  In  the  first  place,  slight  polymer- 
ization is  indicated  liy  the  shape  of  the  upper  half  of  the 
curve  and  by  the  fact  that  the  decrease  in  density  is  less  than 
would  be  expected  from  so  great  a  reduction  in  the  iodine 
number.  Furthermore,  the  mercuric  acetate  seems  to  remove 
from  the  oil  small  amounts  of  saturated  components.  This  is 
indicated  by  low  iodine  numbers  of  the  "unsaturated"  hydro- 
carbons recovered  by  acidifying  the  residual  addition  com- 
iwund  and  steam-distilling.  These  two  factors  are  opposite 
in  effect,  the  first  tending  to  shift  the  curve  slightly  to  the 
left  and  the  second  to  the  right,  and  apparently  they  almost 
Imlance  each  other. 

Recovery    op    Unsatur.\ted    HYDROcinnoNS    of 
Low-Temper.\ture  Tar 

A  convenient  method  for  recovering  the  unsaturated  (and 
aromatic)  hydrocarbons  comparatively  free  from  naph- 
thenes  and  paraffins  is  extraction  with  liquid  sulfur  dioxide. 
It  has  been  pointed  out  above  that  the  hydrocarbon  Frac- 
tion 20°-17.3°  C.  of  a  low-temperature  tar  proved  miscible 
with  this  solvent  in  all  proportions  at  —  35°  C,  but  further 
investigation  reveals  the  fact  that  the  separations  accom- 
jilishcd  are  more  specific  in  mixtures  of  higher  average  molec- 
ular weight.  Nevertheless,  some  doubt  must  be  cast  on  the 
purity  of  the  hydrocarbons  thus  extracted  from  a  sample  of 
the  entire  series  of  compounds  in  a  low-temperature  tar,  in 
view  of  the  variation  in  the  effect  of  the  solvent  throughout 
the  wide  range  of  compounds  involved.  In  particular,  it 
is  to  be  expected  that  the  lower  fractions  will  be  found  ad- 
mixed with  a  portion  of  naphthene  and  paraffin  hydrocarbons. 


In  most  low-temperature  tars  the  proportion  of  aromatics 
is  so  small  that  the  sulfur  dioxide  extract  is  composed  almost 
entirely  of  the  cycUc  unsaturated  hydrocarbons.  These 
compounds  may  be  further  investigated,  as  indicated  in  an 
earlier  paper." 

A  study  of  the  various  designs  of  apparatus  and  methods  of 
procedure"  in  the  use  of  liquid  sulfur  dioxide  points  to  the 
scheme  devised  by  Bowrey-"  as  the  most  effective  and  con- 
venient. This  method  does  away  with  freezing  mixtures 
and  accomphshes  effective  cooling  and  agitation  simulta- 
neously by  boiling  the  mixture  of  oil  and  solvent  in  a  vacuum 
bottle  under  greatly  reduced  pressure.  Temperatures  of 
—35°  C.  are  readily  obtained.  After  the  layers  have  sepa- 
rated, the  reaction  mixture  is  siphoned  into  a  separatory 
funnel  connected  with  a  water  vacuum  pump,  and  the  sulfur 
dioxide  allowed  to  evaporate  off  slowly.  Working  with  a 
mixture  of  all  the  fractions  of  a  low-temperature  tar  distil- 
late, a  good  separation  of  layers  was  accomplished  by  this 
siphoning  process  alone.  The  top  layer,  consisting  princi- 
pally of  a  mixture  of  naphthenes  and  paraffins,  proved  too 
viscous  at  —35°  C.  to  pass  through  the  small-bore  siphon 
tube,  and  remained  behind  in  the  vacuum  bottle. 

After  studying  the  effectiveness  of  various  separations 
made  with  oil  and  solvent  in  different  proportions,  a  ratio  of 
three  parts  by  volume  of  the  hydrocarbons  to  five  parts  of 
the  sulfur  dioxide  was  found  most  practicable.  It  has 
been  pointed  out-'  that  naphthenes  of  low  molecular  weight 
are  increasingly  soluble  in  excesses  of  liquid  sulfur  dioxide, 
but  this  solubility  was  not  evident  in  the  mixture  examined. 
The  density  of  the  extract  continued  to  increase  with  greater 
excesses  of  solvent,  and  a  practical  limit  to  the  most  effective 
ratio  of  solvent  to  oil  was  reached  only  because  the  elimina- 
tion from  the  extract  of  a  large  excess  of  sulfur  dioxide  in- 
volved considerable  loss  by  evaporation  of  the  more  volatile 
hydrocarbons. 

'»  Morgan  and  Soule.  Chem.  Mel.  Eng.,  26  (1922),  980. 
'»  See  Footnotes  2S  and  29  in  Part  I, 

-»  Bowrey,  J.  Inst.  Petroleum  Tech.,  3  (1917),  2S7;    Cliem.    Trade  J.,  60 
(1917),  426. 

:i  Moore.  Morrell,  and  Egloff,  Mel.  Chem.  Eng..  18  (191S),  396. 


The  Methoxyl  in  Wood  Charcoal' 

By  L.  F.  Hawley 
Forest  Products  Laboratory,  U.  S.  Forest  Service,  Madison,  Wis. 

In  a  former  article''  it  was  concluded  that  wood  charcoal 
contains  a  small  proportion  of  methoxyl  groups  which  re- 
spond to  the  Zeisel  method  of  analysis,  and  probably  a  much 
larger  proportion  which  form  methane  when  the  charcoal 
is  heated  from  450°  to  900°  C.  It  was  also  determined  that 
about  one-third  of  the  methoxyl  groups  in  the  original  wood 
were  left  in  the  charcoal  after  the  ordinary  destructive  dis- 
tillation process  was  finished.  This  note  is  a  report  of  at- 
tempts to  recover  this  methoxyl  in  the  form  of  methanol 
instead  of  methane. 

Following  the  line  of  attack  used  in  previous  work  on  in- 
creasing yields  of  methanol  from  wood,'  various  chemicals 
were  added  to  the  charcoal  and  the  mixture  was  distilled  at 
high  temperatures  (maximum  about  850°  C).  Since  the 
amount  of  liquid  products  obtained  from  charcoal  in  this 

'  Presented  before  the  Division  of  Cellulose  Chemistry  at  the  65th 
Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2 
to  7,  1923. 

2  Hawley  and  Aiyar,  This  Journal,  14  (1922).  1055. 

»  Hawley,  Ibid.,  14,  (1922),  43, 


manner  is  very  small  and  the  amount  of  gas  very  large,  it 
is  necessary  to  scrub  the  gas  in  large  quantities  of  water  in 
order  to  recover  so  volatile  a  product  as  methanol.  In 
blank  distillations  without  the  addition  of  any  chemical 
about  0.3  per  cent  of  methanol  on  the  weight  of  the  charcoal 
used  was  recovered,  less  than  one-third  of  this  coming  off 
below  730°  C.  This  is  the  first  time  that  methanol  has  been 
reported  as  a  product  of  the  distillation  of  charcoal  at  tem- 
peratures abo\'e  those  used  in  the  normal  wood  distillation 
process. 

Sodium  carbonate,  lime,  phosphoric  acid,  calcium  carbon- 
ate, sodium  sulfate,  magnesium  carbonate,  and  potassium 
permanganate  were  used  for  treating  the  charcoal  in  at- 
tempts to  increase  this  yield  of  methanol.  Only  in  the  case 
of  lime  and  of  calcium  carbonate  was  there  any  increase  in 
the  amount  of  methanol  and  this  increase  was  only  slight, 
the  total  methanol  jield  being  only  0.5  per  cent.  Charcoal 
was  also  distilled  in  slow  currents  of  carbon  dioxide,  air, 
steam,  and  various  mixtures  of  these,  but  only  in  the  carbon 
dioxide  was  any  appreciable  increase  in  yield  obtained. 
When  the  charcoal  was  heated  in  a  slow  current  of  carbon 
dioxide  the  yield  of  methanol  was  0.5  per  cent. 

The  increase  in  yields  obtained  was  so  small  and  the  ap- 
parent chances  for  further  increases  so  poor  that  the  work 
was  discontinued  at  this  stage. 
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The  Removal  of  Small  Amounts  of  Carbon  Monoxide  from 
Gases  by  Passage  through  Heated  Granular  Soda  Lime" 


By  Robert  E.  Wilson,  C.  A.  Hasslacher,  and  E.  Masterson' 

Massachusetts  I.vstitute  of  Technology,  Cambridge,  Mass. 


THE  removal  of  small 
amounts  of  carbon 
monoxide  from  gas 
streams  is  of  importance  in 
a  number  of  industrial 
applications.  A  frequent 
cause  necessitating  its  com- 
plete removal  is  its  pro- 
nounced tendency  to  poison 
the  catalyst  in  various  cat- 
alj'tic  reactions. 

Probably  the  largest  scale 
application  in  which  this 
problem  is  important  is  in 
the  nitrogen  fixation  indus- 
try. The  hydrogen  for 
making  sj-nthetic  ammonia 
is  generally  produced  from 
water  gas,  the  carbon  mon- 
oxide being  removed  either 
by    catalyzing  its    decom- 


The  problem  of  the  complete  removal  oj  carbon  monoxide  from  gas 
slreams  is  of  importance  in  a  number  of  industrial  applications, 
particularly  in  the  purification  of  hydrogen  and  nitrogen  for  the 
synthesis  of  ammonia.  Several  references  and  patents  have  men- 
tioned the  use  of  soda  lime  at  high  temperatures  J  or  this  purpose,  but 
practically  no  quantitative  data  are  offered  with  regard  to  the  removal 
of  small  amounts,  or  the  effect  of  the  composition  of  the  soda  lime. 

This  paper  describes  a  series  of  experiments  on  gas  containing  2 
per  cent  carbon  monoxide  in  nitrogen,  at  temperatures  varying  from 
250°  to  550°  C,  and  using  soda  limes  of  varying  composition.  The 
results  show  that  soda  limes  with  high  caustic  soda  contents  are  better 
than  those  with  low,  or  than  lime  alone.  The  former  give  substan- 
tially complete  removal  of  carbon  monoxide  at  around  400°  C. 
Small  amounts  of  moisture  are  helpful  in  increasing  the  efficiency, 
but  do  not  appear  to  be  essential.  Experiments  in  the  presence  of 
hydrogen  are  inconclusive  because  the  hydrogen  used  reacted  slightly 
with  the  iodine  pentoxide  used  to  determine  carbon  monoxide. 

The  fundamental  reaction  for  the  removal  of  carbon  monoxide  at 
the  higher  temperatures  is  apparently: 

CO  +  2NaOH  =  Na^CO,  +  Hi 


position  into  carbon  dioxide 
and  carbon  at  elevated  temperatures,  or,  more  frequently,  by 
oxidizing  it  with  steam  in  the  presence  of  a  catalyst  such  as 
ferric  oxide  at  temperatures  between  400"  and  600°  C.^ 
Neither  of  these  processes  is  capable  of  the  complete  re- 
moval of  the  carbon  mono.xide,  and  a  number  of  other 
methods  have  therefore  been  developed  for  taking  care  of 
the  last  2  or  3  per  cent.  Ammoniacal  solutions  of  cuprous 
formate  or  cuprous  carbonate  have  been  used  on  a  large 
scale,^  but  the  cost  of  the  solutions  is  high  and  it  is  difficult 
to  secure  complete  removal.  Differential  oxidation  processes 
have  also  been  tried  \d\\\  some  success,  although  these  re- 
actions are  very  difficult  to  control  on  a  large  scale  if  more 
than  a  trace  of  carbon  monoxide  is  present. 
Attempts  have  also  been  made  to  make  use  of  the  reaction 
CO  +  NaOH  =  HCOONa 

which  has  been  successfully  utilized  for  the  production  of 
sodium  formate.  While  this  reaction  proceeds  fairly  rapidly 
at  temperatures  around  250°  C.  and  pressures  in  the  neighbor- 
hood of  50  atmospheres  for  gases  rich  in  carbon  monoxide, 
it  is  not  adapted  to  the  complete  removal  of  small  amounts. 
Furthermore,  the  handling  of  hot  caustic  solutions  in  such  a 
way  as  to  bring  them  into  effective  contact  with  gas  under 
high  pressure  is  a  very  difficult  proposition  from  a  mechanical 
standpoint,  and  as  yet  has  not  been  worked  out  in  a  satis- 
factory manner.* 

There  are  several  references  in  the  literature  to  the  use  of 
granular  soda  lime  for  carrjing  out  a  similar  reaction.  Thus, 
as  far  back  as  1S77,  Merz  and  Tibirica^  were  able  to  form  some 
calcium  and  some  sodium  formate  by  passing  high  concentra- 

1  Presented  before  the  Division  of  Industrial  and  Engineering  Chemis- 
try at  the  64th  Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa., 
September  4  to  8,  1922. 

*  Published  as  Contribution  No.  65  from  the  Research  Laboratory  of 
Applied  Chemistry,  M.  I.  T. 

'  Most  of  the  work  described  in  this  paper  was  carried  out  by  the  two 
junior  authors  as  part  of  their  theses  for  the  degree  of  Bachelor  of  Science 
from  M.  I.  T. 

«  This  Journal,  12  (1920),  851. 

«  Bsr.,  10  (1877),  2117. 


tions  of  carbon  monoxide 
over  soda  lime,  but  they 
were  not  primarily  inter- 
ested in  the  completeness  of 
its  removal.  Two  later 
papers*  presented  the  re- 
sults of  a  more  detailed 
study  wliich  indicated  that 
the  presence  of  moisture 
was  necessary  to  give  a 
satisfactory  rate  of  absorp- 
tion, and  that  a  soda  lime 
containing  50  per  cent  so- 
dium hydroxide  gave  very 
rapid  absorption,  with  the 
production  of  formate,  at  a 
temperature  at  220°  to 
230  °  C .  At  liigher  temper- 
atures the  absorption  was 
even  more  rapid,  but  re- 
sulted in  the  production  of 
equivalent  amounts  of  hy- 
drogen and  carbonate.  Apparently,  the  reaction  may  pro- 
ceed in  steps 

NaOH  +  CO  =  HCOONa  (1) 

2HCOONa  =  NajCOa  -[-  CO  +  H, 

with  the  readsorption  of  the  carbon  monoxide  by  the  first 
reaction,  but  at  any  rate  the  net  effect  is 

2NaOH  -h  CO  =  Na^COs  +  Ha  (2) 

wliich  is  obviously  closely  related  to  the  reaction  mentioned 
previously  for  the  removal  of  carbon  monoxide : 

H2O  +  CO  =  CO2  +  H2  (3) 

except  that  the  eciuilibrium  is  displaced  to  the  right  by  the 
absorption  of  the  carbon  dioxide  by  soda  lime. 

Based  on  this  reaction,  a  British  patent'  was  granted  in  1S89 
for  rendering  water  gas  nonpoisonous  by  passing  it  through 
a  laj'er  of  soda  lime  several  feet  thick  at  a  "good  red  heat." 

In  1912,  a  German  patent*  was  issued  for  a  process  of  re- 
mo^ing  carbon  monoxide  and  dioxide  from  water  gas  by  pass- 
ing over  lime  or  soda  lime  heated  to  a  temperature  somewhat 
below  a  red  heat.  A  similar  patent'  was  issued  during  the 
same  year  to  other  parties.  None  of  the  patents  gives  any 
significant  quantitative  data,  however. 

An  obscure  reference  by  Engels'"  gives  the  best  discussion 
of  the  fundamentals  of  the  reaction  between  carbon  monoxide 
and  calcium  hydroxide  alone  at  the  higher  temperatures.  He 
recommends  a  temperature  around  500°  C,  with  just  enough 
steam  to  prevent  dehydration  of  the  calcium  hydroxide.  He 
finds  that  the  rate  of  reaction  is  markedly  catalyzed  by 
"iron"  (ferric  hydroxide?)  due  to  its  pre\dously  mentioned 
catalytic  effect  on  Reaction  3. 

In  spite  of  these  interesting  statements,  and  the  obvious 
advantages  of  using  a  hard,  granular  absorbent  such  as  soda 

•  Merz  and  Tibirica,  Ber.,  13  (1880),  23;  Merz  and  Weith,  Ibid.,  13 
(1880),  718. 

'  Brit.  Patent  10,164. 

»  D.  R.  P.  248,290,  to  the  "Soci^t^  G^nira!  des  Nitrures"  in  Paris. 

•  Brit.  Patent  13,049  (1912),  to  the  "Chemische  Fabrik  Griesham- 
Electron  " 

WC.  A.,  14  (1920),  599. 
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lime,  rather  than  loose,  hydrated  lime  or  molten  caustic, 
so  far  as  the  writers  are  aware,  soda  lime  has  never  been 
utilized  commerciaDy  for  the  removal  of  carbon  monoxide, 
and  no  quantitative  study  has  been  made  of  its  absorption 
efficiency  as  a  function  of  its  composition  and  temperature. 

Previous  investigations  in  this  laboratory"  on  the  efficiency 
of  various  kinds  of  soda  lime  as  an  absorbent  for  other  gases 
had  shown  that  its  absorption  efficiency  varied  greatly  with 
composition,  and  that  a  low  caustic  soda  content  (about  4 
per  cent  sodium  hj'droxide,  hereinafter  referred  to  as  the 
"low  alkali"  soda  lime)  and  a  fairly  high  moisture  content 
(12  to  18  per  cent,  depending  on  the  gas  to  be  absorbed) 
gave  far  better  efficiency  than  ordinary,  commercial,  high- 
alkali  soda  limes,  and  had  the  additional  advantage  of  not 
deliquescing  in  moist  atmospheres. 

It  was  therefore  decided  to  undertake  a  quantitative  in- 
vestigation of  the  absorption  of  carbon  mono.xide  by  soda 
lime,  studying  particularly  the  effect  of  temperature,  moisture 
content,  and  alkali  content  of  the  soda  lime  on  its  efficiency 
in  removing  small  amounts  of  carbon  monoxide  from  gas 
streams.  The  treatment  of  more  concentrated  mixtures, 
such  as  water  gas,  was  considered  to  be  of  less  practical  in- 
terest, because  the  chemical  cost  would  be  high  compared  to 
other  methods  mentioned  above  by  which  the  bulk  of  the  car- 
bon monoxide  may  be  converted  to  carbon  dioxide. 

Apparatus  and  Procedure 

It  appeared  from  the  literature  as  summarized  above,  that 
soda  lime  at  temperatures  in  the  neighborhood  of  230°  C. 
would  have  promismg  possibilities,  in  that  it  should  not  only 
absorb  the  carbon  monoxide,  but  give  formates  as  a  valuable 
by-product.  The  first  experiments,  therefore,  were  carried 
out  at  temperatures  obtainable  in  an  oO  bath. 

The  apparatus  consisted  essentiaUy  in  a  gas  holder  con- 
taining 98  per  cent  nitrogen  and  2  per  cent  carbon  monoxide 
(the  latter  made  by  the  action  of  sulfuric  acid  on  sodium  for- 
mate) which  fed  through  a  train  comprising: 

(a)  A  carefully  calibrated  flowmeter  with  inclined  manometer 
arms. 

(b)  A  wash  bottle  containing  alkaline  pyrogallol  to  remove 
any  trace  of  oxygen  (and  incidentally  any  carbon  dioxide). 

(c)  A  humidifier,  consisting  of  two  gas  wash  bottles  containing 
water,  and  immersed  in  an  electrically  heated  bath  whose  tem- 
perature was  controlled  so  as  to  give  any  desired  moisture 
content  (0'^  to  40  per  cent  by  volume)  to  the  gas  passing  through, 
the  exit  tube  being  heated  to  prevent  any  condensation. 

{d)  A  Pyrex  preheating  coil  immersed  in  another  electrically 
heated  and  stirred  oil  bath  (later  a  lead  bath). 

(e)  A  long  armed  U-tube  of  Pyrex  glass  containing  a  13-cm. 
layer  of  soda  lime  and  immersed  in  the  same  bath  as  (d). 

if)    A  calcium  chloride  drying  train. 

(g)  A  connection  through  which  a  gas  sample  could  be  slowly 
drawn  off  into  a  gas  buret. 

ill)  A  vacuum  regulator  (about  6-in.  water  suction)  and  thence 
to  the  vacuum  line. 

Thermometers  were  inserted  in  the  water  bottles  in  the 
humicUfier  and  one  on  each  side  of  the  U-tube.  Thanks  to 
the  preheating  coil,  plus  the  rather  large  radiation  effects  on 
the  thermometers,  the  recorded  temperatures  at  the  entrance 
and  e.xit  of  the  soda  lime  were  always  very  nearly  the  same. 

Some  preliminary  experiments  around  200°  C.  incUcated 
that  a  velocity  of  50  cc.  (measured  as  dry  gas  at  room  tem- 
perature) per  minute  gave  a  readily  measurable  removal, 
and  this  rate  was  accorcUngly  adopted  as  standard  for  all  runs, 
although  considerably  liigher  velocities  might  weU  have  been 
used  at  liigher  temperatures. 

An  8-hr.  run  at  this  rate  indicated  no  faUing  off  in  the  effi- 
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chloride  drying  train. 


ciency  of  the  soda  lime,  but  as  a  factor  of  safety  it  was  always 
renewed  after  the  gas  had  been  passed  through  for  2.5  to 
3  hrs. 

Ten  grams  of  soda  lime  were  used,  and  gave  a  depth  of  about 
13  cm.  in  the  tube,  wliich  was  almost  exactly  1  sq.  cm.  in  area. 
Since  the  gas  was  measured  dry  and  at  room  temperature, 
the  apparent  time  of  contact  of  gas  with  soda  lime  obviously 
varied  considerably  with  temperature  and  moisture  content, 
l)ut  for  the  most  of  the  experiments  was  between  4  and  8  sec. — 
in  other  words,  it  approximated  practicable  operating  condi- 
tions for  a  commercial  process. 

Most  of  the  runs  were  made  with  two  commercial  soda 
limes,  one  containing  4  per  cent  and  one  40  per  cent  sodium 
hydroxide.  Both  samples  were  screened  to  8-14  mesh. 
The  initial  water  content  of  the  samples  was  not  important 
as  it  very  ciuickly  reached  equilibrium  with  the  air  streams. 
The  most  extensive  tests  were  made  with  the  low-alkali  soda 
lime,  as  it  was  the  first  one  studied  and  showed  a  very  inter- 
esting variation  ■with  temperature. 

The  customary  procedure  was  to  bring  the  humidifier  and 
U-tube  to  the  desired  temperature  and  pass  the  gas  through 
for  about  15  min.  before  drawing  off  a  sample  of  the  gas  for 
analysis. 

The  quantitative  determination  of  carbon  monoxide  was 
made  by  passing  the  sample  slowly  through  a  tube  of  iodine 
pentoxide  at  150°  C,  sweeping  out  with  nitrogen  and  absorb- 
ing the  liberated  iodine  in  3  per  cent  potassium  iodide,  titrat- 
ing with  thiosulfate.  The  procedure  and  precautions  used 
were  essentially  those  described  in  detail  by  Graham,"  ex- 
cept that  it  was  found  preferable  to  keep  the  temperature  of 
the  bath  at  150°  C,  thus  preventing  any  condensation  of 
iodine  in  the  exit  tubes  and  speeding  up  the  determination. 
At  the  outset  of  the  work  an  old  sample  of  iodine  pentoxide 
was  used,  and  even  using  all  the  known  precautions  it  was 
impossible  to  get  a  satisfactory  blank  when  pure  air  was 
sucked  through  the  apparatus.  Two  fresh  samples  were  later 
secured,  which  gave  ciuite  satisfactory  results  provided  they 
were  pretreated  by  passing  a  current  of  dry  fresh  air  through 
them  for  a  period  of  20  hrs.  at  220°  to  230°  C. 

It  was  found  to  be  essential  that  the  air  used  for  sweeping 
out  the  tube  not  be  taken  from  the  room,  where  it  was  con- 
taminated by  fumes  from  the  oil  bath,  nor  sucked  in  through 
old  rubber  tubing,  as  high  blanks  would  result  in  each  case. 
Nitrogen  from  a  cylinder  was  used  for  most  of  the  work.  It 
was  also  found  that  small  amoimts  of  hydrogen,  such  as  those 
produced  in  absorbing  the  carbon  monoxide,  did  not  appre- 
ciably affect  the  results,  but  attempts  to  use  a  gas  mixtm-e 
containing  98  per  cent  hydrogen  gave  large  and  variable 
blanks,  as  pointed  out  later.  This  might  possibly  have  been 
overcome  by  working  at  somewhat  lower  temperatures,  as 
recommended  by  Graham. 

Check  analyses  were  made  on  practically  every  rim,  and  by 
comparing  the  average  of  these  two  determinations  with 
the  original  concentration  (1.99  per  cent  carbon  monoxide 
for  most  of  the  runs)  the  percentage  absorption  of  carbon 
monoxide  could  be  calculated  with  accuracy. 

Experimental  Results  with  Low-Alkali  Soda  Lime 

The  first  series  of  determinations  (by  Hasslacher)  was  made 
between  180°  and  300°  C.  with  one  run  at  340°  C.  The 
two  typical  curves  for  200°  and  300°  C.  are  shown  in  Fig.  1 
(dotted  lines). 

These  results  indicated  that  the  rate  of  absorption  of  such 
dilute  mixtures  at  temperatures  below  250°  to  300°  C.  was 
so  slow  as  to  be  of  very  doubtful  commercial  value  for  carbon 
monoxide  removal,  although  for  the  production  of  formate  it 
might  be  worthy  of  further  consideration.     However,  the 
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apparent  rapid  increase  in  tlie  rate  of  reaction  with  tempera- 
ture in  this  vicinity  indicated  the  desirability  of  extending  the 
study  to  much  higher  temperatures,  for  most  of  which  work  a 
lead  bath  was  employed.  It  was  then  easily  possible  to  go  up 
to  550°  C,  which  was  the  safe  limit  for  the  P\Tex  glass 
U-tube. 


The  second  series  of  results  (obtained  by  Masterson)  are 
shown  by  the  set  of  full  lines  on  Fig.  1.  It  wU  be  noted  that 
low  temperature  results  are  quite  reasonably  consistent  with 
those  obtained  a  year  earlier  with  different  apparatus  and 
different  samples  of  soda  lime,  etc.  The  indi\-idual  points 
on  the  curves  were  not  secured  by  any  regular  increase  in 
temperature,  but  runs  at  higher  temperatures  were  alternated 
with  runs  at  lower  and  intermediate  temperatures. 

While  the  shape  of  the  curves  varies  somewhat  from  one 
temperature  to  another  and  indicates  that  there  is  quite  an 
appreciable  experimental  error,  as  might  be  expected,  there 
can  be  no  real  doubt  as  to  the  essential  conclusions  which  may 
be  drawn  from  the  work.  For  example,  all  the  curves  in  Fig. 
1  indicate — contrary  to  some  statements  in  the  literature — 
that  dry  gas  is  absorbed  vnth  good  efficiency,  especially  at  the 
higher  temperatures,  although  small  amounts  of  moisture 
seem  to  be  distinctly  helpful  in  increasing  the  absorption 
efficiency,  around  4  per  cent  by  volume  m  the  gas  appar- 
ently being  about  the  optimum  for  most  temperatures. 
Higher  moisture  contents  appear  to  injure  rather  than  im- 
prove the  efficiency. 

Fig.  2,  based  on  the  same  data  as  Fig.  1,  shows  the  effect 
of  temperature  on  absorption  efficiency  for  three  different 
moisture  contents.  It  is  very  interesting  to  note  the  sharp 
rise  in  efficiency  between  320°  and  440°  C.  The  fact  that 
formates  decompose  rapidly  around  these  temperatures  to 
form  carbonates  may  have  some  bearing  on  the  sharp  increase, 
although  the  writers  obtained  no  definite  evidence  of  the  pro- 
duction of  formates  as  an  intermediate  step  in  the  reaction. 
Soda  lime  used  at  the  higher  temperatures  showed  large 
amounts  of  carbonates  on  removal  from  the  tube. 


An  experiment  was  made  at  a  temperature  of  420°  C.  to 
determine  whether  or  not  hydrogen  was  produced  as  the  re- 
sult of  the  absorption  of  carbon  monoxide,  and  it  was  found 
that  approximately  one  equivalent  of  hydrogen  was  produced 
for  each  equivalent  of  carbon  monoxide  absorbed,  thus  verify- 
ing the  belief  that  the  fundamental  reaction  involved  was 
essentially  that  indicated  above  (Reaction  2).  Tests  on  the 
effluent  gas  at  several  temperatures  showed  only  a  faint  trace 
of  carbon  dioxide. 

Results  with  Other  Absorbents 

Experiments  were  next  undertaken  on  the  high-alkali 
(40  per  cent  sodium  hydroxide)  soda  lime,  and  it  was  at  once 
found  that  the  absorption  at  intermediate  temperatures  was 
much  more  complete  than  with  the  low^-alkali  soda  lime,  and 
that  the  efficiency  of  removal  did  not  begin  to  drop  off  seri- 
ously until  about  375°  C.  The  results  of  these  experiments 
are  also  shown  on  Fig.  2. 

Runs  with  straight  hydrated  lime  were  attempted,  but  it 
was  impossible  to  form  it  into  satisfactory  granules  or  to  suck 
the  desired  amount  of  gas  through  10  g.  of  the  powdered 
material.  Therefore,  8  to  14-mesh  quicklime  was  used  in- 
stead, and  an  attempt  made  to  hydrate  it,  at  least  super- 
ficially, by  passing  moist  air  tlirough  for  some  time  at  300° 
to  400°  C. 

It  was  found  very  difficult  to  obtain  check  results  with  this 
material,  but  the  average  of  several  observations  at  tlu-ee 
different  temperatures  is  shown  by  the  dotted  line  on  Fig.  2. 
Contrary  to  the  result  with  soda  lime,  the  efficiency  did  not  re- 
main constant,  but  dropped  off  fairly  rapidly  with  time.  This 
may  be  illustrated  by  a  typical  run  made  at  550°  C,  using  in 
this  case  dry  gas.     Gas  samples  were  taken  about  every  5  min. 


Table  I 

30,  Temperatu 

e,  550° 

C. 

0  Per  cent  Moisture 

Carbo 

n  Monoxide  Absorbed 

Sample 

1 

Per  cent 
88.3 

81.8 

3 

84.7 

4 

75.0 

63.2 

6 

63.2 

56.3 

S 

55.9 

9 

55  6 

It  seems  probable  that  the  cause  for  this  rapid  drop  in  effi- 
ciency might  be  the  slow  dehydration  of  calcium  hydroxide, 
which  has  quite  an  appreciable  vapor  pressure  at  tliis  tem- 
perature. It  is  evident  that  in  the  presence  of  dry  air  the 
desired  reaction  cannot  take  place  with  calcium  oxide,  but 
requires  calcium  hydroxide.  Even  with  4  per  cent  moisture 
in  the  gas,  however,  variable  results  were  obtained,  and  a 
simOar  tendency  to  drop  off  in  efficiency  was  observed. 
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It  .appears  from  these  results  that  caustic  soda  is  the  active 
agent  in  carrying  out  the  desired  reaction,  but  that  the  caustic 
soda  thus  converted  to  carbonate  is  slowly  regenerated  by 
reacting  with  the  lime.  An  exactly  similar  beha\'ior  has  been 
observed  in  the  case  of  soda  lime  used  for  absorbing  carbon 
dioxide  at  ordinary  temperatiu'es. 

Since  hydrogen  is  a  product  of  the  reaction,  and  the  free- 
energy  change  at  the  higher  temperatures  is  probably  not 
great  (reversal  becomes  pronounced  at  still  higher  tempera- 
tiu'es), it  seemed  desirable  to  determine  whether  or  not  the 
presence  of  large  amounts  of  hydrogen  would  seriously  retard 
tlie  absorption  of  the  carbon  monoxide.  A  few  runs  were 
made  with  a  special  hydrogen-carbon  monoxide  mixture,  and 
the  efficiencies  obtained  at  a  given  temperature  appeared  to  be 
quite  appreciably  lower  than  in  the  presence  of  nitrogen,  but 
upon  investigating  this  point  further  it  was  found  that  the 
hydrogen  itself  was  giving  a  very  large  blank  with  the  iodine 
pentoxide  used  for  the  analysis,  thus  indicating  small  amounts 
of  carbon  monoxide  in  the  effluent  gas.  This  may  have  been 
due  to  the  presence  of  oil  vapors  in  the  cylinder  hydrogen,  or 
to  a  reaction  of  hydrogen  itself  with  iodine  pentoxide  at  this 
temperature,  which  is  somewhat  higher  than  that  recom- 
mended by  Graham.  Unfortunately,  time  was  not  available 
to  determine  the  cause  and  remedy  of  the  difficulty,  but  from 
the  size  of  the  blanks  with  the  straight  hydrogen  the  effi- 
ciency seems  to  be  nearly,  if  not  quite,  as  good  in  the  presence 
as  in  the  absence  of  hydrogen. 

Possible  Commercial  Applications 

In  the  light  of  the  foregoing  experiments  it  would  appear 
that  the  reactions  under  discussion  might  have  definite  com- 
mercial possibilities  for  the  removal  of  traces  of  carbon  mon- 
oxide from  gas  streams.  It  would  probably  be  preferable 
to  use  a  soda  lime  of  intermediate  alkalinity — say  15  per  cent 


sodium  hydroxide — in  order  to  secure  rapid  absorption  with- 
out undue  cost.  It  would  probably  be  found  desirable  to 
work  at  temperatures  of  400°  to  450°  C.  with  a  time  of  con- 
tact of  2  or  3  sec.  This  time  of  contact  might  have  to  be  in- 
creased slightly  to  remove  the  very  last  traces  of  carbon  mon- 
oxide, but,  on  the  other  hand,  it  might  be  reduced  by  working 
at  somewhat  higher  temperatures,  although  too  high  a  tem- 
perature (around  700°  C.)  would  undoubtedly  give  trouble 
due  to  the  reversing  tendency  of  the  reaction  in  this  range. 

As  noted  previously,  patents  have  been  taken  out  for  the 
use  of  soda  lime  to  remove  the  bulk,  as  well  as  the  last  traces, 
of  carbon  monoxide  from  water  gas,  but  the  chemical  cost 
seems  to  be  too  high  to  make  this  commercially  feasible.  It 
might,  however,  be  practicable  to  take  care  of  the  bulk  of  the 
carbon  monoxide  by  either  (a)  passing  the  gas  through  a 
fairly  deep  bed  of  high-alkali  soda  lime  at  temperatures 
around  230°  C.  in  order  to  produce  formate  as  a  by-product, 
or  (6)  removing  the  bulk  of  the  carbon  dioxide  with  hydrated 
lime — possibly  in  the  presence  of  ferric  hydroxide  as  a  catalyst 
— and  regenerating  the  lime  by  heating  somewhat  higher 
and  then  hydrating. 

One  chfficulty  with  the  latter  method  would  be  in  handling 
the  powdered  lime  in  such  a  way  as  to  bring  it  into  effective 
contact  with  the  gas  and  avoid  trouble  from  clogging  or  chan- 
neling, but  this  difficulty  would  not  be  insuperable  if  the  proc- 
ess were  satisfactory  from  other  standpoints.  Since  only  lime 
in  hydrated  form  appears  to  be  effective,  it  would  not  be  pos- 
sible to  use  hard  granules  of  quicklime. 

On  the  whole,  however,  it  seems  rather  improbable  that 
any  modification  of  the  soda  lime  process  would  be  able  to 
replace  existing  methods  of  caring  for  the  main  bulk  of  the 
carbon  monoxide  in  water  gas,  especially  since  the  oxidation 
with  steam  in  the  presence  of  ferric  hydroxide  produces  an 
equivalent  of  the  desired  hydrogen  for  each  of  carbon  mon- 
oxide removed. 


Hydrogenated  Oil  for  Oil  Baths' 

By  G.  Ross  Robertson 

University  of  California,  Southern  Branch,  Los  .4ngei.es,  Calif. 


"Hard"  hydrogenated  vegetable  oil  is  a  remarkable  in- 
dustrial product  wliich  seems  to  have  been  overlooked  as  a 
laboratory  material,  probably  because  it  is  only  an  interme- 
diate in  the  manufacture  of  shortening,  and  never  reaches 
the  retail  trade  in  a  pure  state.  In  this  laboratory  it  has 
proved  to  be  the  oil  par  excellence  for  use  in  oil  baths.  To 
anyone  who  has  put  up  with  tarry  messes  and  fire  hazards 
in  connection  with  oil  baths  in  organic  laboratories,  the  prop- 
erties of  this  oil  should  be  of  interest. 

"H.uiD  Sesame  Oil" 

Opaque  white  solid,  resembling  a  very   brittle    laundry    soap. 

Approximately  90  per  cent  hydrogenated;  iodine  number  about 

10.     Melts  fairly  sharply  about  60 °  C.  to  a  clear,  mobile  oil. 
Gives  an  extremely  weak  flash  in  an  open  pan  at  a  minimum 

of  320°  C;  win  not  burn  unaided  by  a  torch  below  350°  C, 

which  is  approximately  the  temperature  at  which  it  gently 

boils  with  decomposition. 
Upon  resolidification    it  will  not  stick  to  either  iron  or  glass, 

but  cracks  and  falls  apart  into  brittle  fragments. 
Slight  unpleasant  odor,  as  of  unrefined  cottonseed  oil.     Odor 

is  less  after  repeated  heatings. 
Cost— in  Los  Angeles,  April,  1923—17.5  cents  per  pound  in  small 

quantities  from  manufacturer. 

1  Received  April  26,  1923. 


Tliis  preparation  is  much  superior  to  vaseline,  paraffin,  or 
any  other  hydrocarbon,  is  more  convenient  than  untreated 
vegetable  oil,  and,  of  course,  much  cheaper  than  fusible 
metal. 

Hard  hydrogenated  cottonseed  oil,  more  widely  obtainable 
than  the  sesame  product,  costs  no  more  and  is  apparently  of 
about  the  same  value.  A  local  sample,  manufactured  in  Los 
Angeles,  melts  at  60°  C.  and  has  a  flash  point  of  305°  C. 
The  use  of  this  oil  has  eliminated  oil  fires  in  our  laboratories, 
despite  the  carelessness  of  elementary  students.  In  com- 
mercial practice  the  hard  oil  is  mixed  with  cheap  Uquid  or 
semUiquid  fats  to  make  the  lower  priced  shortenings  of  the 
type  of  lard  compound. 

When  vegetable  oil  is  completely  hydrogenated,  it  becomes 
extremely  brittle,  and  falls  into  a  bulky,  seniicrystalUne  pow- 
der. Such  complete  saturation  is  umiecessary  in  preparing 
material  for  oil  bath  purposes,  and  for  food  is  regarded  locally 
as  undesirable. 

If  water  is  spilled  into  the  melted  hydrogenated  oil  bath, 
it  may  easily  be  removed  by  cooUng  the  oil,  cracking  the  solid, 
and  exposing  to  the  air.  Even  if  the  watery  addition  has 
been  emulsified,  one  needs  only  to  crush  the  material  into  a 
coarse,  granular  mass  and  expose  to  dry  air. 
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Saybolt  Viscosity  Measurements  and  Their  Contror 

Some  Factors  Affecting  Their  Accuracy 
By  P.  E.  Klopsteg  and  W.  H.  Stannard 

Central  Scientific  Co  ,  Chicago.  III. 


Proper    Circulation    in 
Bath 

IX  working  on  the  prob- 
lem of  constructing  a 
constant  temperature 
bath  which  should  meet 
the  requirements  outlined 
in  the  sjTiopsis  at  the 
beginning  of  this  article, 
some  preUminary  experi- 
ments confirmed  what  we 
had  already  supposed  to  be 
the  case — namely,  that  one 
of  the  first  essentials  for 
close  regulation  is  proper 
circulation  in  the  bath. 
On  the  basis  of  the  authors' 
experiments  with  constant 

temperature  water  baths  of  large  dimensions,  it  was  decided 
that  with  a  propeller  of  good  design,  driven  at  a  certain 
speed,  the  most  thorough  mixing  and  circulating  of  the 
bath  liquid  would  be  obtained  if  the  bath  container  were 
constructed  so  as  to  produce  "two-dimensional  circu- 
lation." Accordingly,  the  container  was  made  narrow, 
and  the  coi'ners  in  the  two  ends  of  the  bottom  of  the  vessel 
were  rounded.  The  vessel  was  made  deep  enough  to  accom- 
modate the  usual  Saybolt  oil  tube  modified  by  making  a 
higher  rim  around  the  top  so  as  to  diminish  cooling  at  the  sur- 
face of  the  oil  sample.  The  length  of  the  bath  was  chosen 
sufficient  to  accommodate  the  oil  tube  near  one  end  and  the 
heating  and  stirring  unit  together  -nith  the  thermoregulator 
at  the  other  end.  Fig.  1  shows  the  bath  in  longitudinal 
section  with  the  direction  of  circulation  of  bath  liquid  indi- 
cated. 

With  this  construction,  the  circulation  is  approximately  the 
same  in  any  plane  parallel  to  the  plane  of  the  figure.  The 
oil  is  forced  over  the  heating  units  by  the  action  of  the  pro- 
peller, wliich  thorouglily  mixes  the  warmer  -n-ith  the  cooler 
portions  of  the  oil  and  rapidly  circulates  the  mixture  about 
the  oil  tube.- 

Regul.ator  Used 

In  the  attempt  to  solve  the  problem  of  precise  control  of 
temperatures  two  requirements  were  set,  in  addition  to  the 
requirement  of  accuracy  of  control.  The  first  was  that  of 
reUable  operation  under  any  conditions  that  might  be  en- 
countered in  practice,  and  the  second,  miuunum  attention 
to  maintenance.  Both  requirements,  in  the  light  of  our  past 
experience,  ruled  out  the  mercury-in-glass  or  the  mercurj^-in- 
steel  type  of  regulator.  The  starting  point  was  therefore  a 
heUx  of  thermostatic  metal,  similar  to  that  used  in  the 
de  Khotinsky  form  of  regulator.  Although  the  de  Kliotinsky 
regulator  is  very  satisfactory  in  problems  of  temperature  con- 
trol where  the  departure  from  average  maj-  at  times  be  as 

>  Presented  before  the  Section  of  Petroleum  Chemistry  at  the  64th 
Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September 
4  to  8,  1922. 

=  Since  this  paper  has  been  written  the  authors  have  designed  baths 
which  will  accommodate  two,  four,  and  six  Saybolt  tubes,  with  provision 
for  vigorous  circulation  of  the  bath  oil. 


The  dependence  of  viscosity  of  lubricating  oils  upon  temperatures 
is  too  well  known  to  require  discussion.  The  fact  that  most  mineral 
oils,  especially  at  the  lower  temperatures  of  test,  have  a  large  tem- 
perature coefficient  of  viscosity,  makes  precise  control  of  temperature 
in  viscosity  tests  highly  desirable.  We  may  go  a  step  farther  and 
say  that  accurate  measurements  cannot  be  made  without  such  control. 
The  necessity  for  great  constancy  of  temperature  in  Saybolt  viscosity 
measurements  has  been  recognized  by  Committee  D-2  of  the  American 
Society  for  Testing  Materials,  which  specifies  that  "the  bath  shall  be 
held  constant  within  0.25  F.  (0.14°  C.)  at  such  a  temperature  as  will 
maintain  the  desired  temperature  in  the  standard  oil  tube."  and  at 
another  point,  "that  it  is  extremely  important  that  the  temperature  of 
the  oil  in  the  oil  bath  be  maintained  constant  during  the  entire  time 
consumed  in  making  the  test."  In  this  investigation  it  was  desired 
to  devise  means  and  work  ""'  "  method  which  would  enable  the 
operator  to  keep  his  procedure  within  the  A.  S.  T.  ,\I.  specifications. 


great  as  0.5°  C,  the  stand- 
ard tj'pe  did  not  admit  of 
quite  enough  precision  to 
hold  the  temperature  of  the 
bath  mthin  the  A.  S.  T.  M. 
limits.  This  is  probably 
due  to  two  difficulties. 
The  first  is  that  in  any 
regulator  in  which  the  con- 
tacts open  and  close  very 
slowly,  some  sticking  is 
unavoidable;  second,  the 
presence  of  dirt  on  the  con- 
tact surfaces  requires  exces- 
sive cooling  to  produce  elec- 
trical connection  at  the  con- 
tact points.  Both  of  these 
conditions  mean  departure 
from  average  temperature,  because  at  the  temperature  at  which 
regulation  is  desired  pressure  between  the  contacts  is  zero. 
The  de  Khotinsky  regulator  fully  meets  the  requhements  of 
ruggedness,  and  the  authors'  development  was  therefore 
directed  toward  impro\'ing  its  sensitivity  and  precision  of  con- 
trol. The  energy  necessary  for  maintaining  such  a  bath  as 
this  at  its  maximum  temperature  of  100°  C.  represents  a  large 
current  tlu-ough  the  contacts — so  large  that  with  the  mercury 
thermoregulator  a  relay  would  be  absolutely  essential.  When 
the  bimetallic  regulator  is  used,  the  relay  becomes  unneces- 
sary, which  is  an  additional  reason  for  choosing  this  form. 
Bad  performance  of  any  sohd  regulator  contact  is  often 
caused  by  arcing  and  burning.  A  condenser  of  suitable 
capacity  around  the  contacts  reduces  the  effect,  but  the  im- 
provement is  by  no  means  sufficient  to  come  -n-ithin  the  re- 
quirements before  mentioned.  The  destructive  arc  occurs 
at  the  break,  and  only  a  very  slight  ai-c,  which  apparently 
does  no  harm  whatever,  at  the  make.  It  was  thought, 
therefore,  that  the  elimination  of  the  arc  at  the  break  would 
remedy  the  trouble.  Accordingly,  a  scheme  was  de\ased 
whereby  a  break  at  the  regulating  contacts  could  never  oc- 
cur. Interruption  of  the  heating  current  was  to  be  accom- 
phshed  periodically  by  a  separate  mechanism,  called  the 
interrupter.  To  over- 
come the  trouble  to  be 
expected  from  stick- 
ing and  from  dirty 
contacts,  it  was  decided 
to  have  the  thermally 
controlled  contact  close 
the  circuit  on  the  cyl- 
indrical surface  of  a 
rotating  disk  at  least  ^'°  ^ 

as  tliick  as  the  diameter  of  the  swinging  contact.  It  was 
decided  also  that  good  performance  would  be  insured  by 
pro^dding  some  means  to  produce  pressure  of  considerable 
magnitude  between  the  contacts  at  the  instant  they  closed. 

With  these  considerations  in  mind  a  control  circuit  as  shown 
in  Fig.  2  was  outUned.  The  swinging  contact  operated 
by  the  helix  of  thermostatic  metal  was  provided  with 
an  iron  armature,  through  wliich  was  screwed  the  silver 
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Fig.  3 — Stirring  by  Helix  on 
REvoL\aNG  Thermometer 


Fig.  4 — Stirring  by  Three  Propellers 
Revolving  around  Fixed  Thermometer 


contact.  In  the  circuit  diagram 
is  shown  a  magnet  so  arranged 
with  reference  to  the  armature 
that  when  the  latter  makes  con- 
tact the  magnet  is  energized  by 
the  heating  current,  thereby  pro- 
ducing appreciable  pressure  at  the 
regulating  contact.  When  the  in- 
terrupter opens  the  circuit,  this 
contact  is  released  by  the  magnet,  and  separation  of  contacts 
will  occur  if  the  temperature  is  above  the  regulating  point, 
whereas  contact  persists  if  the  temperature  is  below  the  reg- 
ulating point.  Inasmuch  as  a  rotating  interrupter  has  been 
pro%dded  for,  it  was  considered  worth  wliile  to  secure  the  ad- 
vantages of  the  rotating  contact  and  to  mount  upon  the  same 
shaft  with  the  interrupter  a  continuous  silver  shell  upon  which 
the  swinging  arm  could  make  contact.  The  magnet  was  placed 
witliin  the  silver  shell  and  its  construction  was  such  that  the 
attraction  of  the  armature  would  take  place  regardless  of 
the  angular  position  of  the  rotating  shaft.  The  adjustment 
of  the  regulator  for  operation  at  different  temperatures  is 
made  in  the  usual  way  by  slight  rotation  of  the  helix.  This 
rotation  is  accomplished  bj-  means  of  a  suitable  worm  and 
gear  arrangement.  A  temperature  scale  is  provided  by  means 
of  which  adjustment  to  witliiu  a  few  degrees  of  the  desired 
temperature  can  be  made  without  the  aid  of  a  thermometer. 
The  results  obtained  with  the  arrangement  just  described 
are  best  illustrated  in  Fig.  3.  Tliis  is  a  graphic  record  of 
readings  of  the  bath  thermometer  during  one  period  of  9 
days,  during  which  the  apparatus  was  in  operation  S  hrs.  a 
day  without  adjustment  or  care  of  any  kind.  The  mech- 
anism was  in  operation  on  July  25  also,  but  no  readings 
were  taken.  Other  similar  runs  were  made.  Temperatures 
were  observed  bj'  means  of  a  thermometer,  read  to  hundredths 
of  a  degree.  The  thermometer  was  read  at  12-sec.  intervals 
over  a  period  of  several  minutes,  and  the  groups  of  readings 


were  repeated  at  the  intervals  indicated  in  the  graph.  During 
the  first  5  days  a  gradual  upward  drift  was  observable,  but 
at  the  end  of  that  time  the  automatic  control  had  apparently 
settled  down,  so  that  100.2°  C.  was  about  average  tempera- 
ture. It  wUl  be  noted  that  the  maximum  excursion  of  the 
temperature  throughout  the  period  in  question  was  0.28°  C, 
so  that  the  maximum  departure  from  the  average  was  less 
than  0.2°  C.  It  is  also  evident  that  during  many  minutes 
and  even  hours  the  bath  held  its  temperature  within  0.05°  C. 
In  this  connection  it  may  be  mentioned  that  the  sensitivity  of 
the  regulator  was  such  that  a  temperature  change  of  0.03°  C. 
was  sufficient  to  change  the  setting  of  the  contact  from  defi- 
nitely on  to  definitely  off  and  vice  versa.  This  figure  was 
determined  by  repeated  tests.  The  arrangement  described 
therefore  accomplishes  a  very  important  operation  in  pre- 
cise automatic  temperature  regulation — namely,  that  the 
sensitive  regulating  element  retains  its  sensitivity,  but  that 
it  makes  electrical  contact  with  pressure  when  temperature 
change  has  caused  the  regulator  arm  to  move  into  the  closed 
position. 

Brief  consideration  of  the  mechanism  wUl  indicate  the 
reason  for  the  decided  advantage  of  this  form  of  control  over 
any  form  in  wiiich  thermal  changes  alone  are  depended  upon 
for  contact  pressure. 

Interruption  of  the  circuit  takes  place  periodically,  approx- 
imately once  every  2  sec.  Should  the  bath  temperature  be 
higher  than  the  desired  point,  the  contact  arm  ^\ill  be  in  the 
open  position  when  the  interrupter  closes,  and  no  heating 
current  will  flow  until  the  helix  has  moved  the  regulating  arm 
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Fig.  7 — Readings  of  Thermometer  in  Standard  Oil  Tube 


into  the  closed  position.  Closing  of  the  circuit  by  the  swinging 
arm  may  take  place  at  any  point  on  the  ciixumference  of  the 
silver  shell  except  the  narrow  segment  corresponding  to  the 
insulated  segment  on  the  interrupter.  If  the  bath  tempera- 
ture were  high,  there  might  be  one  or  several  revolutions 
without  contact  taking  place.  On  the  other  hand,  if  the 
bath  temperature  were  low,  the  regulating  contacts  would 
be  together,  and  might  remain  together  during  a  number  of 
revolutions.  At  regulating  temperature  the  contacts  close 
during  each  revolution  and  remain  closed  through  approxi- 
mately the  same  arc  during  each  cj'cle.  Should  the  line  volt- 
age increase,  the  arc  of  contact  would  become  slightly  shorter; 
should  the  voltage  decrease,  the  arc  of  contact  automatically 
would  become  longer.  The  same  automatic  adjustment 
takes  place  with  changes  in  room  temperature.  If  the  wat- 
tage of  the  heater  is  increased,  the  arc  of  contact  will  become 
shorter  approximately  in  the  ratio  of  increase  of  wattage. 
This  illustrates  the  flexibility  of  the  arrangement,  and  it  has 
been  found  that  closeness  of  regulation  (within  the  limits  we 
chose)  is  practically  unaffected  by  voltage  changes,  room 


temperature  changes  or  changes  m  the  energy  input  brought 
about  by  the  condition  of  the  heating  units.  Whatever  the  con- 
ditions, the  regulating  helix  is  permitted  to  have  full  control 
of  the  situation. 

Stirring  Devices 

Stirring  of  the  oO  in  the  oil  tube  during  the  heating  process 
is  as  important  for  maintaining  constant  and  uniform  tem- 
perature in  the  tube  as  stirring  the  oil  in  the  bath,  and  se\- 
eral  methods  were  tried.  Of  these  the  fast  was  to  stir  the  oil 
in  the  tube  as  thoroughly  as  possible  by  hand  with  the 
thermometer,  in  accordance  with  theA.  S.  T.  M.  specifications.^ 

The  second  method  of  stirrjng  was  to  mount  the  thermom- 
eter in  a  swinging  bracket,  which  was  moved  to  and  fro  by 
means  of  the  same  motor  which  rotated  the  propeller  and  the 
interrupter. 

Another  method  is  illustrated  in  Fig.  4.    The  stirrer  in  this 

3  The  specifications  state  that  "by  means  of  the  oil-tube  thermometer, 
the  oil  in  the  standard  oil  tube  should  be  kept  well  stirred,"  as  should  also 
the  oil  in  the  bath. 
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A,  adjusting  head  of  regulator;  B,  bimetallic  helix  of  regulator;  C, 
cylindrical  regulator  contact;  D,  damping  box;  F,  receiving  flask;  G,  worm 
gear  engaging  W;  H.  heating  units;  I,  interrupter:  J.  thermally  controlled 
contact  arm;  K.  removable  cover;  M,  motor;  P,  stirring  propeller;  Q.  con- 
denser contacts;  R,  removable  preheating  cans  for  samples;  S,  coarse  tem- 
perature scale  of  regulator;  5.  fine  temperature  scale  of  regulator;  T,  stand- 
ard oil  tube;  W,  adjusting  worm  attached  to  A. 


case  was  a  hollow-shafted  propeller  with  three  sets  of  blades, 
within  which  the  oil-tube  thermometer  was  placed. 

Fig.  5  shows  another,  and  the  most  successful  method. 
Here  the  thermometer  stem  was  employed  as  the  stirrer 
shaft,  whereby  the  large  loss  of  heat  by  conduction  along  the 
metal  propeller  shaft  was  avoided.  This  method  consisted 
merely  of  slipping  a  "conveyor  screw,"  made  of  thin  sheet 
brass,  on  the  lower  end  of  the  thermometer,  the  screw  re- 
sembling that  used  in  grain  conveyors  and  similar  devices. 

The  results  of  tests  by  these  different  modes  of  stirring  are 
shown  in  Fig.  7.  AH  tests  there  represented  were  made  at 
100°  C.  The  A.  S.  T.  M.  tolerance  at  all  temperatures  is 
±0.14°  C.  Readings  were  taken  at  12-sec.  intervals  for 
24  min.  in  each  case,  after  it  was  certain  that  the  tem- 
perature equilibrium  in  the  oil  tube  had  been  attained. 
With  the  method  of  stirring  by  hand  as  vigorously  as 
possible,  it   is   seen  that  the   thermometer  readings  were 


quite  outside  the  limits  of  the  A.  S.  T.  M.  specifications.  In 
this  case  a  cover  on  the  tube  was  impracticable.  When 
stirring  was  effected  in  the  covered  tube  by  means  of  the 
thermometer  mounted  in  the  swinging  bracket,  and  moved 
to  and  fro  four  times  a  second,  the  temperature  variations 
were  within  the  tolerance,  although  it  must  be  remembered 
that  a  thermometer  reading  is  always  affected  by  some  lag. 
Using  the  hollow-shafted  propeller  driven  at  a  rate  of  450 
r.  p.  m.  and  keeping  the  tube  covered  throughout  the  interval, 
the  difference  between  maximum  and  minimum  thermometer 
readings  in  a  24-min.  interval  was  0.05°  C.  Finally,  when  the 
helix  on  the  thermometer  was  used  as  the  propeller,  no 
variation  could  be  detected  on  the  thermometer  so  that  con- 
stancy of  0.01  could  be  assumed. 

Fig.  6  shows  a  longitudinal  cross  section  of  the  bath  and 
oil  tube  with  all  the  accessories  in  position.  Circulation 
of  the  oil  is  downward  from  the  propeller,  and  the  relative 
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positions  of  propeller  and  heating  coils  are  such  that  the 
heated  oil  is  thoroughly  mixed  with  the  cooler  portions. 
This  arrangement  insures  uniformity  of  temperature  through- 
out the  bath.  In  this  figure  the  convej'or  type  of  stirrer  in 
the  oil  tube  is  also  shown.  The  thermometer  is  held  in  a 
hollow  rotating  shaft  by  means  of  a  perforated  cork  stopper 
resting  on  the  upper  end  of  the  shaft.  This  makes  it  possi- 
ble to  read  the  thermometer  by  merely  grasping  its  upper  end. 
Figs.  8  to  11,  inclusi\'e,  show  the  general  views  of  the  bath 
and  of  the  controlling  mechanism. 

Conclusion 

As  a  result  of  this  investigation  the  authors  conclude  that 
it  is  possible  to  hold  the  temperatures  quite  within  the  limits 
specified  by  the  A.  S.  T.  M.,  but  that  properly  designed  ap- 
paratus is  required  to  do  so.  They  believe  that  the  require- 
ment of  holding  the  bath  constant  "at  such  a  temperature  as 
will  maintain  the  desired  temperature  in  the  standard  oil 
tube"  is  a  weak  point  in  the  specifications.     On  account  of 


the  great  time  lag  between  a  change  in  bath  temperature  and 
the  effect  of  such  a  change  upon  the  oil-tube  thermometer, 
combined  with  the  desire  of  the  operator  to  lose  no  time  in 
making  the  test,  it  seems  likely  that  in  the  ordinary  pro- 
cedure there  would  be  considerable  lack  of  agreement  be- 
tween different  laboratories  running  Saybolt  viscosity  tests 
on  samples  of  oil  from  the  same  barrel.  Furthermore, 
unless  the  oil  in  the  tube  is  adequately  stu-red,  the  oO-tube 
thermometer  might  indicate  almost  any  value  within  limits 
mder  apart  than  the  A.  S.  T.  M.  tolerance.  With  an  ap- 
paratus of  the  kind  described,  assuming  the  oil  in  the  tube  to 
be  well  stirred,  the  bath  temperature  can  be  adjusted  until 
the  thermometer  in  the  oil  tube  shows  the  desked  tempera- 
ture, and  held  at  this  point  indefinitely  because  of  the  effec- 
tive control.  Although  improvement  may  be  possible  in  the 
procedure  of  testing  beyond  this  point,  the  writers  have  con- 
fined themselves  in  tliis  work  to  devise  means  for  meeting 
the  existing  requirements.'' 

*  Patent  application  has  been  filed  covering  the  apparatus   herein  de- 
scribed and  its  possible  applications. 


The  Electrical  Charge  of  Vegetable  Tannin  Particles' 


By  Arthur  W.  Thomas  and  Stuart  B.  Foster 


Columbia  University,  New  York,  X,  V. 


IN  A  PREVIOUS  pubhcation-  the  relation  between 
electrical  charge  and  astringency  of  vegetable  tanning 
materials  was  demonstrated,  and  it  was  shown  that  the 
negative  charge  of  astringent  quebracho  could  be  reduced  to 
zero  by  the  addition  of  hydrochloric  acid. 

The  experiments  herein  described  were  undertaken  to  de- 
termine whether  the  charge  could  be  reversed  in  sign — 
i.  e.,  whether  vegetable  tannins  are  amphoteric,  and,  if  so, 
at  what  hydrogen-ion  concentration  the  reversal  in  sign  of 
charge  takes  place.  Such  data  are  also  needed  since  Rice- 
vuto^  has  made  the  ciuite  incredible  statement  that  vegetable 
tannins  are  cathodic  in  migration  in  alkaline  solutions  and 
anodic  in  acid  solutions.  He  was  probably  led  astray  by  the 
fact  that  his  electrodes  dipped  directly  into  the  tanning  solu- 
tions and  the  direction  of  migration  of  tannin  was  interpreted 
through  bulk  of  precipitate  at  each  electrode  upon  addition  of 
gelatin.  Since  Thomas  and  Frieden^  have  found  that  gelatin- 
tannin  precipitation  depends  upon  the  hydrogen-ion  concen- 
tration, this  may  account  for  Ricevuto's  strange  findings. 

Furthermore,  a  series  of  papers  by  Grasser^  on  electro- 
osmosis  of  tan  liquors  reports  variable  and  somewhat  confus- 
ing results.  Crasser  did  not  determine  or  control  the  Ch  +  of 
his  solutions,  and  as  an  unfortunate  consequence  his  data  are 
of  very  slight  practical  or  theoretical  value. 

Appabatus 

The  U-tube  electrophoresis  method  was  used  to  determine 
the  direction  of  migration  of  the  tannin  particles  at  different 
hydrogen-ion  concentrations. 

The  U-tube  had  Hmbs  about  30  cm.  long.  The  bend  of  the  tube 
was  set  off  from  the  limbs  by  stopcocks  so  placed  that  the  two 


1  Presented  before  the  Division  of  Leather  Chemistry  at  the  64th  Meet- 
ing of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September  4  to  8, 
1922.  Contribution  No.  410  from  the  Chemical  Laboratories  of  Columbia 
University. 

'  This  Jouenai,,  U  (1922),  191. 

=  Kolloid-Z.,  3  (1908),  114. 

*  Unpublished. 

»  Collegium,  1920,  17,  49,  277,  332. 


limbs  above  them  were  of  equal  length.  The  diameter  of  the  limbs 
was  1..3  era.  and  the  bore  in  the  stopcocks  was  nearly  the  same 
width.  The  electrodes  were  supported  in  30-cc.  distilling  flasks, 
the  delivery  tubes  of  which  had  been  bent  down  at  right  angles 
and  passed  through  rubber  stoppers  into  the  limbs  of  the  U-tube. 
Small  tubes  had  been  blown  into  the  horizontal  arms  of  the  two 
right-angle  bends,  and  were  connected  by  means  of  rubber 
tubing  and  a  small  stopcock,  thus  making  a  salt  bridge  across 
the  two  electrodes.^  The  cathode  was  a  copper  wire  immersed  in 
a  saturated  copper  sulfate  solution,  and  the  anode  was  a  platinum 
wire  in  saturated  sodium  chloride.  The  source  of  current  was 
the  120-volt  house  line,  with  an  electric  lamp  in  series. 

Method 

The  extract  solution,  previously  adjusted  to  the  desired 
hydrogen-ion  concentration  by  means  of  the  hydrogen  elec- 
trode, was  poured  into  the  U-tube,  fiUing  the  bend  and  the 
bores  of  the  stopcocks.  Air  bubbles  were  dislodged,  the 
stopcocks  closed,  and  the  limbs,  after  being  rinsed  with  dis- 
tilled water,  were  fiUed  to  the  brim  with  a  citrate  buffer  mix- 
ture of  the  same  Cu  +  as  the  extract  in  the  bend.  The  flasks 
containing  the  electrodes  were  attached  to  the  U-tube,  forc- 
ing sufficient  of  the  buffer  solution  up  the  delivery  tubes  and 
into  the  flask  to  complete  the  conducting  circuit.  Levels 
were  adjusted  through  the  salt  bridge,  which  was  then  closed 
by  means  of  the  stopcock.  The  stopcocks  in  the  Umbs  were 
opened  carefuUy  and  the  current  was  passed  until  a  defuiite 
movement  of  the  boundaries  was  noted. 

Considerable  experimentation  was  necessary  before  a 
technic  was  devised  which  would  give  consistent  results. 
The  first  method  involved  making  water  solutions  of  the  ex- 
tracts of  such  concentration  that  100  cc.  contained  4  g.  of 
dry  soUds.  It  was  hoped,  of  cour.se,  that  such  solutions 
would  really  electrophorese — i.  e.,  that  the  whole  column 
would  move  toward  either  the  anode  or  the  cathode,  accord- 
ing to  the  Ch+  of  the  exl^ract.  But  of  the  six  extracts  so 
treated,  only  one,  wattle  bark,  behaved  according  to  the  ex- 
pectations.   Formic  acid  was  then  used  instead  of  hydro- 

•  Similar  to  apparatus  described  by  Michaelis,  Biochem.  Z.,  16  (1909),  81. 
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chloric  acid  in  adjusting  the  Ch  +,  and  sliglitly  better  re-ults 
were  obtained.  The  final  technic,  and  that  upon  whii-h  the 
pubhshed  reports  are  based,  was  to  dissolve  the  extracts  in 
citrate  buffer  mixture  at  -log  Ch  *  =  2.0,  and  then  adjust 
the  solutions  by  means  of  the  hydrogen  electrode  to  the  exact 
hydrogen-ion  concentration  desired.  Using  the  buffer  in- 
stead of  water  as  the  solvent  exerted  what  was  apparently  a 
stabilizing  effect,  and  eliminated  or  delayed  the  secondary 
actions,  such  as  diffusion  of  the  boundaries  and  change  of 
reaction  of  the  extracts  due  to  electroly.sis,  which  behavior  had 
nullified  previous  experiments. 

Results 

The  table  below  gives  the  extracts  examined,  at  the  crit- 
ical hydrogen-ion  concentrations,  with  the  corresponding  di- 
rection of  migration  of  the  particles.  The  extracts  were 
electrophoresed  at  other  Ch+,  but  only  the  important  data 
are  submitted. 


Materia!. 
Oak 
Oak 

Hemlock 
Hemlock 
Hemlock 
Sumac 
Sumac 
Sumac 
Quebracho 
Quebracho 
Quebracho 
Gambler 
Gambler 
Wattle 
Wattle 


-Log  Ch 
2.0 


3.0 
2.0 
2.0 
3.0 
2.0 
2.5 
3  0 
2.0 
2.5 
2.0 
2.5 


Quebracho  was  precipitated  by  the  buffer,  hence  only  the 
clear  supernatant  liquid  could  be  used.  This  fact  may  ac- 
count for  the  inability  to  obtain  positive  results. 

In  all  cases  the  upward  movement  was  slight  and  fre- 
quently was  not  apparent  until  the  current  had  been  passing 
from  2  to  3  hrs.,  but  since,  with  the  exceptions  noted,  there 
was  a  corresponding  downward  movement  in  the  opposite 
side,  the  results  were  taken  as  conclusive.  The  method  was 
not  susceptible  of  manipulation  sufficiently  delicate  to  per- 
mit a  determination  of  the  isoelectric  points — that  is,  those 
hydrogen-ion  concentrations  where  there  was  movement 
neither  to  the  anode  nor  the  cathode.  However,  each  of  the 
seven  extracts  examined  (with  the  possible  exception  of 
quebracho)  contained  positively  charged  particles  at  and 
below  —log  Ch+  =  2.0,  and  negatively  charged  particles  at 
and  above  —  logCH+  =  2.5,  the  isoelectric  point  or  region 
being  between  Ch+  =  10~=°  and  10"--^ 

It  is  stated  above  that  formic  acid  instead  of  hydrochloric 
was  employed  in  certain  instances  to  avoid  precipitation  of 
the  tannins  at  high  acidities.  This  is  based  upon  experience 
of  the  authors  previously  published.^  Since  in  the  earlier 
work  they  made  no  measurements  of  Ch+,  and  since  they 
are  firmly  con\-inced  that  no  data  on  the  properties  of  vege- 
table tannin  solutions  are  of  complete  ultility  unless  so  con- 
trolled, data  are  submitted  herewith  relative  to  the  degree  of 
precipitation  as  a  function  of  the  Ci,  +  of  acid  solutions,  and 
also  showing  that  the  nature  of  the  anion  of  the  acid  likewise 
plays  a  very  important  role. 

Technic 

Aqueous  dispersions  or  solutions  of  the  extracts  were  pre- 
pared in  the  manner  described  elsewhere.-  Fifty  cubic  centi- 
meters of  each  stock  solution  were  diluted  to  100  cc.  This 
dilution  was  divided  into  two  50-cc.  portions,  whose  Ch  + 
was  then  determined  with  the  hydrogen  electrode  attached 
to  an  automatic  recorder.  The  two  solutions  were  adjusted 
to  different  Ch+  on  both  the  acid  and  alkaline  side  of  the  orig- 
inal Ch+,  and  the  number  of  cubic  centimeteis  of  standard 
hydrochloric  acid  or  sodium  hydroxide  solutions  required 
for  each  point  was  recorded. 


Fifty  cubic  centimeter  portions  of  the  stock  solutions  were 
phieed  in  100-cc.  graduated  "oil  tubes"  (tubes  taper- 
ing to  a  conical  end).  The  exact  quantity  of  acid  or 
alkali  corresponding  to  a  definite  Ch+  was  added  and  the 
mixture  made  up  to  100  cc.  with  distilled  water.  The 
tubes  were  centrifuged  for  5  min.  at  1000  times  gravity,  and 
the  volumes  of  the  precipitates  were  plotted  against  the 
hydrogen-ion  concentration  employed. 

Results 

The  results  may  be  most  conveniently  studied  by  examining 
the  curves  which  show  the  variation  in  the  amount  of  pre- 
cipitate with  changes  in  Ch  +.  It  will  be  seen  that  the  volume 
of  precipitate,  where  formed,  is  not  solely  a  function  of  the  hy- 
drogen-ion concentration,  since  the  three  acids  gave  curves  of 
dissimilar  shape. 


ON  OK  Migration 

U 

Cathodic 

'     3 

Anodic 

Cathodic 

Anodic 

Anodic 

Cathodic 

■^2 

Anodic 

P 

Cathodic  (?) 

^ 

No  movement 

1. 

Cathodic 

Anodic 

Cathodic 

.\nodic 

S.  4.  3.  Z. 

-Loff  Ch-i- 

All  the  extracts  did  not  precipitate  with  each  acid,  and  three, 
sumac,  hemlock,  and  wattle  bark,  did  not  give  a  precipitate 
with  either  of  the  three  acids  up  to  —log  Ch+  =  1.  When 
a  precipitate  was  obtained,  the  amount  invariably  increased 
with  increasing  hydrogen-ion  concentration,  where  hydro- 
chloric acid  or  sulfuric  acid  was  used.  On  the  other  hand, 
increasing  concentrations  of  formic  acid  dissolved  the  pre- 
cipitate, or  the  suspended  particles  when  no  precipitate  had 
appeared  previously.  With  decreasing  hydrogen-ion  con- 
centration there  was  increasing  solution.  In  everj'  case 
clear  liquids  were  obtained  at  Cei+  =  8.0. 

The  hydrochloric  acid  precipitates  were  found  to  be  solu- 
ble in  strong  alcohol  and  in  9  M  lactic  acid.  On  shaking 
up  with  water  these  precipitates  dispersed  but  gradually, 
and  settled  out  more  or  less  completely  in  24  hrs.  In  the 
case  of  oak  bark  and  quebracho  it  was  found  that  approxi- 
mately two-thirds  of  the  original  soUds  present  had  been  pre- 
cipitated at  Ch+  =  10"^ 
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Cerium  in  Aluminium  Alloys' 

By  H.  W.  GUIett^  and  V.  H.  Schnee' 

Cornell  University,  Ithaca,  N.  Y. 


Work  of  Barth 

IN  1912,  Barth,'  working  under  Borchers  at  Aachen,  studied 
the  addition  of  cerium  to  aluminium.  He  used  aluminium 
with  0.11  per  cent  silicon,  0.27  per  cent  iron,  and  metallic 
cerium  of  98.34  per  cent  cerium,  containing  some  silicon  and 
carbon,  as  well  as  other  rare  earth  mrtals,  especially  didymium. 
He  melted  the  aluminium  in  a  graphite  crucible  in  a  gas  furnace, 
added  the  cerium,  wrapped  in  aluminium  foil,  and  poured  the 
alloy  into  an  iron  mold,  casting  rods  20  mm.  diameter  by  300  mm. 
long  which  were  made  into  test  bars  with  a  breaking  section  of 
15  mm.  diameter  by  150  mm.  long.     He  gives  the  following  data: 


Table 

I— Earth's 

Results 

Elonga- 

Reduc- 

Added C 

^e  Found 

Per  cent          Ten5ile 

Strength 

tion 

tion 

% 

% 

Si 

Kg./Sq.  Mm 

1.   I,bs./Sq.  ] 

n      % 

of  Area 

0 

0.11 

2,86 

4080 

1.3 

3  3 

0.05 

0.05 

0.02 

4.00 

5700 

3,7 

3.3 

0.10 

0.10 

0.02 

4,87 

6950 

6,7 

6.7 

0.20 

0.20 

0  03 

5.52 

7850 

8  9 

10,7 

0.40 

0.35 

0,10 

3.86 

5500 

1,3 

2  0 

0.60 

0.63 

0.03 

3.71 

5270 

0  3 

2,7 

0.80 

0.89 

0.0.5 

2.67 

3800 

0,2 

2  0 

1.00 

1.16 

0.03 

3.29 

4680 

0,2 

3  3 

8.72 

0.06 

7.00 

9960 

0.2 

1.3 

Notwithstanding  the  fact  that  pure  chiU  cast  aluminium  should 
give»  12,000  to  14,000  Ibs./sq.  in.  tensile  strength  with  at  least  15 
to  25  per  cent  elongation,  Barth  concluded  that  small  amounts  of 
cerium  increased  the  strength  and  ductility  of  aluminium.  He 
states  that  trials  in  a  large  aluminium  works  of  an  alloy  with 
0.2  per  cent  cerium  showed  no  special  improvement  in  tensile 
strength,  but  gave  23.6  per  cent  improvement  in  ductility.  He 
admits  that  his  test  bars  were  poured  too  hot. 

From  his  silicon  analyses  he  argues  that  cerium  removes  silicon, 
and  postulates  that  a  cerium  silicide  is  formed  which  is  then  o.xi- 
dized,  and  the  cerium  o.\ide  is  again  reduced  by  aluminium. 
Just  why  silicon  should  be  oxidized  in  preference  to  aluminium, 
or  should  not  be  reduced  when  cerium  is,  is  unexplained. 

He  claims  to  find,  in  alloys  high  in  both  cerium  and  silicon, 
lamellas  of  some  cerium  silicide  in  his  micrographs. 

Barth  does  not  base  his  alleged  improvements  in  ductility  so 
much  on  the  removal  of  silicon  as  on  the  removal  of  gas.  He  says 
that  his  cast  pure  aluminium  rod  was  solid  from  top  to  bottom, 
while  the  alloys  with  cerium  were  solid  at  the  bottom  but  had 
many  gas  holes  in  the  upper  part,  which  would  seem  to  be  an  argu- 
ment against  rather  than  for  cerium. 

He  finds  increased  corrosion  of  his  cerium  alloys  in  nitric  acid 
as  cerium  increases,  and  ascribes  this  to  the  presence  of  a  readily 
soluble  silicide.  However,  he  finds  a  solid  solution  of  cerium  in 
aluminium  up  to  11  per  cent,  and,  in  alloys  below  11  per  cent 
<:erium,  nothing  in  his  micrographs  that  is  due  to  cerium. 

Barth's  work  and  conclusions  appear  to  be  of  extremely  doubt- 
ful value. 

Schulte's  Investigations 

In  1921,  Schulte,'  also  working  under  Borchers  at  Aachen,  went 
into  the  matter  again,  stating  that  subsequent  work  had  thrown 
doubt  on  Barth's  conclusions.  Schulte  failed  to  find  a  decrease 
of  silicon  in  the  aluminium  alloys  with  cerium,  and  discards  that 
hypothesis.  He  found  a  solid  solution  and  cerium  in  aluminium 
up  to  13  per  cent  cerium.  He  tested  rolled  material,  his  results 
being  given  in  Table  II.  He  does  not  give  the  analysis  of  the 
cerium  used,  the  analysis  of  his  castings,  the  size  of  test  bar  used, 
nor  the  annealing  temperatures. 


*  Received  October  2,  1922. 

'  Published  by  permission  of  the  Director.  U.  S. 

*  Chief  Alloy  Chemist,  Bureau  of  Mines. 

*  Research  Engineer,  Sibley  College. 
»  Metallurgie,  8  (1912),  261. 

«  Bur.  Standards,  Circ.  76  (1919),  22. 
'  Metall  u.  Erz,  18  (1921),  236.     Translation  wi 
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Table  II — Schulte's  Results 
A l-Ce  Alloys 
.Annealedo 

Percent  Ce 0  0,05       0.11       0.19       0.33       0,45       0.77 

Tensile  strength: 

Kg./sq.mm...  8  63         S  85       8.93       9.1         9.1         9.1         9.15 

Lbs./sq.  in 12,2.50    12,650    12,700    12,900    12,900    12,900    13,050 

Elongation,  per 

cent 28,6        30,5        32,4        34,1        34,1        32,6        32,3 

Cold  worked — Reduction  ratio,  70  per  cent 
Tensile  strength: 

Kg./sq.mm...  15.25     15,4       15.1        14.8       15.0       15.9         16.0 

Lbs./sq.  in  ...  21,700  22,000  21,500  20,500  21,500  22,600  22,800 
Elongation,  per 

cent 4,6         5.7         6.0         6.4         6.5         6,2         5.1 

Cold  worked — Reduction  ratio,  90  per  cent 
Tensile  strength: 

Kg./sq.mm...  18.3  ..  18,3       18,3  ..  18.3 

Lbs./sq,  in 26,050  ..       26,050    26.050  ..       26,0.50 

Elongation,  per 

cent 1.8  ..  3.4         3.7  ..  2.9 

Al-Cu-Ce  Alloys~Cu  ahoul  3  per  cenib 
Annealedo 

PercentCe 0  0.09  0.19  0  3!  0.46 

Tensile   strength: 

Kg./sq.mm 17.7         18.0         17.5         17.0         17.0 

Lbs./sq.  in 25.200      25,600      24,.500      24.200      24,200 

Elongation,  per  cent 24.0         25.0         25.6         22.6         22.0 

Cold  worked — Reduction  ratio  60  per  cent 
Tensile  strength: 

Kg./sq.mm 23.0         23.0         23.7         23,9         24,0 

Lbs./sq.  in 32,700      32,700      3.'!,700      33,900      34,100 

Elongation,  per  cent 4.0  4.5  5.0  4.0  4.0 

Al-Mg-Ce  Alloys — Mg  about  4  per  cent 
Annealeda 

PercentCe 0  0.10         0,13         0.16         0.22 

Tensile  strength: 

Kg./sq.mm 18.0         19  7         19.9         19  9 

Lbs./sq.  in 25,500      28,000      28,300      28,300 

Elongation,  per  cent 20.0         23,6         22.0         24.0 

Cold  worked — Reduction  ratio  60  per  cent 
Tensile  strength: 

Kg./sq.mm 37.5         .38,8         40.0         40.0         38,4 

Lbs./sq.  in 53,000      55.000      57,000      57,000      54, .500 

Elongation,  per  cent 2.3  2.3  2.5  3.0  2.3 

«  Control  experiments  on  cast  pieces  are  said  to  have  checked  the  tensile 
and  elongation  figures  for  these  annealed  specimens,  but  no  figures  are  given. 
b  Cast  Al-Cu-Ce  alloys  were  not  tested. 

Schulte  claims  that  the  conductivity  of  aluminium  is  not  de- 
creased by  the  presence  of  cerium  up  to  0.77  per  cent.  He  con- 
siders that  the  alleged  improvement  in  ductility  is  real,  and  as- 
cribes it  to  the  elimination  of  aluminium  nitride,  stating  that  his 
pure  aluminium  contained  0.028  per  cent  aluminium  nitride,  the 
alloy  with  0.2  per  cent  cerium,  0.014  per  cent  aluminium  nitride, 
and  that  with  0.77  per  cent  cerium,  0.0094  per  cent  aluminium 
nitride,  but  states  that  "the  favorable  influence  of  cerium  ap- 
pears to  be  strongly  encroached  upon  by  the  presence  of  small 
amounts  of  other  metals."  It  would  have  been  more  convincing 
if  Schulte  had  given  the  details  of  the  analytical  method  for  nitro- 
gen, with  the  data  to  show  how  well  duplicate  samples  agreed. 
On  a  .sample  of  aluminium  that  had  been  overheated  and  in  which 
the  presence  of  nitrogen  was  considered  possible,  one  laboratory 
reported  0.16  per  cent  and  0.109  per  cent  aluminium  nitride  on 
duplicate  samples,  while  a  very  careful  analyst  in  another  labora- 
tory found  in  the  same  samples  from  0.02  per  cent  to  0.012  per 
cent  aluminium  nitride. 

Other  Previous  Work 

The  curves  of  Carpenter  and  Tavernar'  show  that  pure  alumin- 
ium, cold  worked  and  fully  annealed,  gives  13,000  lbs./sq.  in. 
tensile  strength,  36  per  cent  elongation,  while  the  figures  of  the 
Aluminum  Company  of  America'  show  that  it  gives  13,000  lbs. 
tensile  and  14  to  35  per  cent  elongation,  depending  on,  the  gage, 
and  that  at  a  70  per  cent  reduction  the  tensile  strength  should  be 
21,000  lbs.  and  the  elongation  2  to  7  per  cent,  according  to  gage. 
At  90  per  cent  reduction  the  figures  are  30,000  lbs.  and  up  to  2  per 
cent  elongation. 

According  to  the  curves  of  Carpenter  and  Edwards,'  a  3  per 
cent  copper  alloy,  cold  rolled,  reduction  ratio  60  per  cent,  gives 


Dents  by  "R.  E. 


8  Authors  quoted 
recent  data  from  Alumi 


Bur.  Standards.  Circ.  76  (1919),  36,  39,  42.     Also 
um  Company  of  An 


710 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  7 


40,000  lbs.  tensile  strength,  with  about  4  per  cent  elonga'ion. 
Hence,  while  Schulte's  alloys  containing  cerium  show,  by  com- 
parison with  his  similar  alloys  free  from  cerium,  a  slight  in- 
crease in  ductility,  his  best  figures  for  the  cerium-containing 
alloys  are  no  better  than  those  given  by  other  authorities  for  the 
same  alloys  free  from  cerium. 

Bureau  of  Mines  Studies 

Considering  that  the  previous  results  from  Aachen  obtained 
by  Barth  have  been  discredited,  and  that  the  improvement 
due  to  cerium  alleged  by  Schulte  is  pretty  small  at  best,  it 
seemed  by  no  means  certain  that  cerium  would  be  of  use  in 
aluminium;  but,  since  the  Bureau  of  Mines,  in  cooperation 
with  the  Welsbach  Company,  was  studying  the  effect  of  the 
cerium  group  of  metals  in  steel,  it  was  decided  to  try  it  out  in 
some  cast  aluminium  alloys  also. 

Experimental — The  aluminium  used  in  making  up  the 
alloys  contained  about  0.25  per  cent  silicon,  0.25  per  cent  iron. 
The  cerium-group  metals  were  added  as  "mix  metal."  This 
contained  about  10  per  cent  iron,  the  balance  being  cerium- 
group  metals,  their  proportion  being  rouglily  as  follows: 
cerium,  45  per  cent;  lanthanum,  25  per  cent;  neodymium  and 
praseodymium,  15  per  cent;  samarium,  10  per  cent.  (The 
word  "cerium"  in  the  following  description  of  the  Bureau  of 
Mines  experiments  is  to  be  taken  as  referring  to  the  mixture 
of  cerium-group  elements  contained  in  the  mix  metal.)  The 
aluminium  and  rich  50  Cu-50  Al  alloy  were  melted  in  a  rocking 
furnace.  Additions  of  mix  metal  or  magnesium  were  made 
just  before  pouring  into  the  ladle.  Comparison  heats  were 
made  with  and  without  cerium. 

Test  bars  were  cast  in  green  sand  in  lots  of  four,  and  all 
tensUe  test  figures  are  the  average  of  four  closely  agreeing 
tests.  The  test  bars  were  of  the  standard  S.  A.  E.  form,  tested 
without  machining. 

In  the  4  and  8  per  cent  copper  alloys,  with  and  without  0.25 
per  cent  cerium  equivalent  to  0.22  per  cent  cerium-group 
metals  after  deducting  iron,  which  is  Schulte's  optimum 
amount  of  cerium,  half  of  the  heat  was  poured  and  then  the 
other  half  heated  further  to  see  if  cerium  would  exert  its  al- 
leged effect  on  aluminium  nitride,  whose  formation  should 
be  facilitated  by  raising  the  temperature. 

With  any  alloy  used,  whether  it  contained  cerium  or  not, 
the  higher  the  temperature  to  which  it  was  heated,  the  greater 
the  number  of  pinholes. 

Discussion  of  Results — The  3.8  per  cent  Cu,  0.60  Mg 
alloy  was  included  for  comparison  with  the  3.8  per  cent  Cu, 
0.80  and  1.60  Ce  alloys,  because  magnesium  sUicide  is  con- 
sidered' to  be  in  one  way  or  another  the  active  agent  in  the 
age-hardening  of  Duralumin.  Merica  suggests'"  that  it  is 
the  removal  of  free  silicon  by  the  formation  of  the  compound 
magnesium  sUicide,  which  is  essential.  He  shows  that 
copper  aluminide,  which  is  doubtless  the  active  hardening 
agent  in  Duralumin,  tends  to  precipitate  about  particles  of 
magnesium  sUicide,  which  makes  it  appear  that  magnesium 
sUicide  forms  nuclei  for  the  precipitation  from  solid  solution 
of  very  finely  divided  copper  aluminide,  thus  accounting  for 
the  necessity  for  the  presence  of  magnesium  in  order  to  secure 
satisfactory  hardening. 

If  the  mere  removal  of  free  silicon  is  the  essential  pomt,  and 
if  Earth's  statement  as  to  the  ready  formation  of  cerium 
sUicide  is  correct — and  this  is  borne  out  by  the  statement  of 
Hirsch",that  in  the  melting  of  cerium  in  a  porcelain  crucible, 
the  crucible  is  attacked  and  a  layer  of  sQicide  formed  inside 
the  crucible  wliich  protects  it  from  further  attack — it  seemed 
possible  that  cerium  might  form  cerium  sUicide,  which  would 
act  in  the  same  way  as  magnesium  silicide. 

«  Hanson  and  Gayler,  J   Brit.  Inst.  Melals,  27  (1921),  321. 
'"  Merica,     Wallenberg  and  Scott,    Bur.    Standards,  Set.  Paper    347 
(1919),  311. 

"  Hirsch,  Trans.  .4m.  Elcclrochcm.  Soc.  20  (1911),  57. 


But  the  data  of  Table  III  show  that  it  did  not,  and  that  the 
alloys  containing  cerium  were  not  hardened  by  the  regular 
heat  treatment  used  on  Duralumin. 

No  signs  of  any  sOicide  were  found  on  microscopic  exami- 
nation, the  aUoys  with  cerium  looking  just  like  those  without 
it.  In  passing,  it  might  be  remarked  that  the  heat- 
treated  3.8  Cu-0.60  Mg  alloy  did  rot  show,  even  at  1000 
diameters,  any  of  the  blue  magnesium  silicide  constituent, 
but  from  the  solubility  curve  of  Hanson  and  Gayler'  no  visible 
magnesium  silicide  would  be  expected. 

Schulte  hirnself  found  almost  no  advantage  in  the  use  of 
cerium  in  a  3  per  cent  copper  alloy,  the  elongation  on  annealed 
specimens  rismg  from  24.0  to  25.6  per  cent  and  on  cold-rolled 
specimens  from  4  to  5  per  cent,  figures  obviously  within  the 
variation  from  bar  to  bar  of  such  alloys.  "R.  E.  Search,"  in 
commenting'  on  Schulte's  work,  calls  this  an  "important 
increase"  in  ductility,  and  later  says  that  as  the  weak  point 
of  the  light  aluminium  cast  alloys  is  their  meager  elongation, 
the  "discovery  of  the  increased  ductility  must  be  acclaimed  as 
a  distinct  gain  in  the  fields  of  endeavor  whether  purely  scien- 
tific or  practical." 

Table  III — Bureau  of  Mines  Results 
Cast  Cu-Al  Alloys 
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a  "Ce"  stands  for  mix  metal,  figures  not  corrected  for  iron  in  mix  metal. 
6  By  Berry  strain  gage — figure  given  is  point  at  which  slope  of  stress- 
strain  curve  becomes  twice  that  of  the  elastic  portion  of  the  curve. 


The  results  in  Table  HI  show,  instead,  a  somewhat  decreased 
ductility,  but  within  the  variation  to  be  expected  from  bar  to 
bar  of  the  alloys  -nithout  cerium.  It  should  be  remembered 
that  the  cerium  used  contained  some  iron,  which  increased 
the  iron  content  of  the  alloys  to  which  cerium  was  added  so 
that  the  iron  varied  from  about  0.25  to  about  0.41  per  cent 
and,  while  no  ver3'  great  effect  is  likely  to  be  due  to  this  increase 
in  iron,  its  action  would  be  in  the  direction  of  a  decrease  in 
ductility. 

In  the  light  cast  aluminium-copper  alloys,  whether  used  in 
Schulte's  optimum  amount  of  about  0.20  per  cent  or  in 
higher  amounts,  cerium  appears  to  be  without  useful  effect — 
in  fact,  without  any  marked  effect  one  way  or  the  other. 

The  possibility  stUl  exists  that  pure  cerium,  free  from  the 
other  cerium-group  metals,  might  be  of  value,  but  the  cost  of 
separation  makes  that  possibility  very  remote  from  the  com- 
mercial point  of  view,  and  the  chemical  similarity  of  that 
group  of  metals  makes  it  rather  unlikely  that  one  of  them  will 
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nullify  any  benefit  caused  by  another,  especially  as  Schulte's 
claim  is  on  the  basis  of  scavenging  effect  on  the  nitrogen  rather 
than  on  the  basis  of  true  alloying  action. 

The  aluminium  used  in  the  Bureau  of  Mines  experiments 
was  of  good  quality  and  probably  not  contaminated  with 
aluminium  nitride.  If  we  accept  the  unproved  assumption 
that  reclaimed  boring  ingot,  for  example,  does  contain  alumin- 
ium nitride,  the  possibility  remains  that  a  very  small  "dose" 
of  cerium  might  help,  but  it  seems  certain  that  in  the  usual 
run  of  good  metal  used  for  casting  alloys,  the  use  of  cerium 
would  be  an  expense  not  attended  by  any  benefit. 

The  test  pieces  of  the  Bureau  of  Mines  experiments  have  not 
been  analyzed.    The   charges  were  carefully  weighed  and 


there  was  no  sign  of  loss  of  cerimn.  Only  cm'sory  microscopic 
examination  of  the  pieces  has  been  made.  In  view  of  the  dis- 
couraging results  of  the  physical  tests  it  was  felt  that  an- 
alytical and  micrograpliic  work  would  be  time  wasted. 
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Contributions  to  Chemistry  of  Wood  Cellulose 
II — Nature  of  Wood  Cellulose' 


By  Louis  E.  Wise 


New  York  State  College  of  Forestry.  Syracuse,  N.  Y. 


During  the  World  War  ihe  dearth  of  cotton  in  Germany  and  Austria 
stimulated  research  which  had  for  its  object  the  industrial  substitution 
of  wood  cellulose  for  cotton  cellulose.  It  also  encouraged  compara- 
tive studies  on  the  chemical  constitution  of  cotton  cellulose  on  the  one 
hand,  and  of  wood  cellulose  on  the  other.  The  value  of  such  studies 
is  naturally  of  more  than  passing  academic  interest.  Their  indus- 
trial importance  may  be  gaged  from  a  number  of  articles  that  have 
appeared  within  the  past  eight  years  in  American  and  foreign  Jour- 
nals of  applied  chemistry."  and  the  ultimate  results  of  these  investi- 
gations must  have  a  decided  bearing  on  those  industries  which  re- 
quire the  use  of  a  highly  purified  cellulose  in  their  manufacturing  proc- 


esses. The  accumulation  of  data,  however,  gives  the  industrialist 
little  more  than  a  labyrinth  of  isolated  facts,  unless  these  data  are 
subjected  to  a  thorough  critical  analysis.  Not  infrequently  such 
data  may  be  interpreted  in  a  variety  of  ways,  and  the  danger  then 
arises  of  accepting  an  interpretation  which  will  limit  or  cripple  further 
advance  in  this  particular  branch  of  cellulose  chemistry.  This  arti- 
cle has  for  its  object  the  brief  recapitulation  of  the  experimental  work, 
of  a  number  of  investigators,  the  results  of  which  may  perhaps  be 
welded  into  a  constructive  wording  hypothesis  on  the  nature  of  wood 
cellulose. 


Constitution  of  Cotton  Cellulose 

A  GENERAL    agreement    now    exists    regarcUng    the 
presence  of  the  cellobiose  linkage  or  residue,  or  more 
correctly  the  anhychocellobiose  linkage,  which  may 
be  represented  by  either  Formulas  P  or  II :'' 


CH2OH 

I 


O 

c— c c- 

I     I        I 

OH    OH  H 


OH  H 

I      I 
C-^C- 

\i 

O 

\ 

C— H 

I 
— O— C— H 

I 
CH2OH 


Formula  I 


1  Presented  before  the  Division  of  Cellulose  Chemistry  at  the  64th 
Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September  4  to 
8,  1922,  in  connection  with  the  symposium  on  "The  Nature  of  Wood  Cel- 
lulose." 

2  Articles  on  comparison  of  wood  and  cotton  cellulose  include  those  by 
Heuser  and  Boedeker,  Z  angelv.  Chem.,  34  (1921),  461;  Lenze,  Pleus,  and 
Mueller,  J.  prakt.  Chem..  101  (1920),  213;  Wise  and  Russell,  This  Journal, 
14  (1922),  2S3;  Mahood  and  Cable.  Ibid.,  14  (1922),  727.  Articles  on  ni- 
tration of  wood  cellulose  include  those  by.  Schwalbe,  Z.  angew.  Chem.,  27 
(1914),  662;  Wells  and  Edwards,  Pafer,  23  (1919),  180;  Woodbridge,  This 
Journal,  12  (1920),  3S0.  A  modern  research  on  acetylation  of  wood  cellulose 
is  that  by  Hagglund,  Lofman,  and  Farber,  Cellulosechemie,  3  (1922),  13. 

'  Hibbert,  This  Journal,  13  '1921),  256;  Irvine.  J.  Chem.  Soc,  123 
(1923),  525. 

<  Karrer,  Helvttica  Chim.  Ada,  6  (1922).  187. 
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There  is  at  present,  however,  no  definite  agreement  regard- 
ing the  limiting  yield  of  cellobiose''-'  that  may  be  obtained  from 
cotton  cellulose.  Investigators  are  by  no  means  in  accord 
when  caUed  upon  to  decide  whether  or  not  the  cellulose  mole- 
cule is  made  up  entirely  of  cellobiose  residues. 

Different  hypotheses  regarding  the  size  of  the  cellulose 
molecule  have  also  appeared  in  the  cellulose  literature. 
Views  on  this  subject  may  be  briefly  summarized  as  follows: 
(a)  a  relatively  enormous  molecule  made  up  of  a  great  number 
of  anhydrodextrose  residues,'-^  many  of  which  go  to  make  up 
the  anhydrocellobiose  linkages'  referred  to  above;   (6)  a  large 


n,  Hannover,  1917. 
Freudenberg,  Ber., 


'  Ost,  Ann.,  398  (1913),  337;  Madsen,  Dissertatit 
Hess  and  Wittelsbach,  Z.  Eleklrochem.,  26  (1920),  232; 
64  (1921),  767;    Irvine,  loc.  cil. 

<■  von  Euler,  Chem.  Zlg.,  4S  (1921),  977,  998. 

'  The  older  hypotheses,  which  did  not  take  the  cellobiose  grouping  into 
consideration,  include  those  of  Tollens,  "Handbuch  der  Kohlenhydrate," 
p.  252;  Green  and  Perkin,  J.  Chem.  Soc,  81  (1906),  811 ;  Cross  and  Sevan 
"Cellulose,"  p.  73;   Vignon,  Bull.  soc.  chim.,  21  (1899),  599. 
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aggregate  made  up  of  comparatively  smaU  units,  each  one  of 
which  contains  the  anhydrocellobiose  linkage  a  relatively 
small  number  of  times.  The  units  are  held  together  in  the 
larger  aggregate  by  means  of  secondary  valence*''''"  or  in 
some  similar  way  which  is  not  yet  fully  determined.  From 
the  work  of  Herzog  and  his  co-workers"  it  is  probable  that 
the  cellulose  aggregate  is  crystalline. 


The  viewpoint  outlined  under  (a),  although  still  held  by 
individual  investigators  (like  von  Euler),  has  been  largely 
displaced  by  that  referred  to  under  (6).  Just  what  the  con- 
stitution of  the  individual  cellulose  unit  reallj^  is,  still  forms 
the  subject  of  extended  debates  which  require  no  space  in  this 
paper.  Most  investigators  are  agreed  that  the  cotton-cel- 
lulose aggregate  is  composed  of  a  relatively  large  number  of 
small  units  held  together  by  forces  which,  for  the  lack  of  a 
better  name,  may  be  referred  to  as  secondary  or  auxiUary 
valences.  A  crude  but  ratheruseful  picture  of  such  an  hypothe- 
sis is  given  in  Fig.  1.  The  cellulose  units  may  be  likened  to 
bricks  in  a  tliick  wall,  the  cellulose  aggregate.  The  mortar 
between  these  bricks  would  represent  the  secondary  valence. 
If  the  units  (bricks)  remain  undisturbed,  but  the  secondary 
valence  (mortar)  is  tampered  with,  changes  in  state  which  are 
so  characteristic  of  cellulose  are  noted.  The  individual 
units  or  blocks  of  these  units  become  more  or  less  separated 
from  each  other,  and  a  greater  surface  area  is  exposed  (Fig.  2). 
Adsorption,  which  invariably  precedes  swelling  of  cellulose, 
affects  the  secondary  valence.  Swelling  does  not  chemically 
change  the  little  cellulose  units;  it  disturbs  the  aggregate  as 
a  whole.'  For  example,  in  the  swelling  caused  by  the  mer- 
cerization  with  alkali,  after  washing  with  water,  dilute 
acids  (and  water),  and  drying,  cellulose  shows  increased 
hygroscopicity  and  an  enhanced  power  of  adsorbing  sub- 
stantive dyes,  etc.  These  properties  are  accounted  for  in  our 
hypothesis  by  the  increased  surface  area  when  the  units  be- 
come partially  separated  from  each  other.  Hydration  due 
to  mechanical  beating  of  cellulose  with  water,  and  the  first 
stages  in  the  disintegration  of  cellulose  by  means  of  acids  may 
be  similarly  explained.  Complete  peptization  of  cotton  in 
cuprammonium,  zinc  chloride,  and  other  so-called  cellulose 
solvents,  involves  a  complete  disintegration  of  the  cellulose 
aggregate,  with  more  or  less  complete  separation  of  the  cel- 
lulose units  from  one  another.  When  cellulose  is  precipitated 
in  "hydrated"  gelatinous  form  from  its  sols,  the  bricks  of  the 
original  wall  are  probably  in  large  measure  intact.  Thej' 
approach  each  other,  but  they  no  longer  present  the  same 
orderly  arrangement  wliich  was  manifested  in  the  original 
cellulose  aggregate  (wall).  This  is  indicated  by  the  change 
in  crystalline  structure  in  such  substances  as  viscose.'^ 

A  different  picture  obtains  when  the  little  units  themselves 
become  subject  to  chemical  attack.  Such  attack  often  follows 
the  partial  or  complete  disintegration  of  the  cellulose  aggre- 

'  Karrer,  Hdveltca  Cliim.  Acta,  i  (1921),  811;     Karrer,  Cellulosechemie, 
2  (1921).  127. 

»  Esselen,  This  Jowrnai,,  12  (1920),  801;  see  also  Minor,  Paper,  2S 
(1919).  700. 

1"  Hess  and  Wittelsbach,  loc.  cit. 

"  Cellulosechemie.  2  (1921),  101;  Nalurwissenschaften.  8  (1920),  34. 

"  Herzog  and  Jancke,  Ber.,  S3  (1920),  2126. 


gate  (the  wall).  It  is  then  that  the  primary  valences  within 
the  cellulose  units  are  disturbed.  Hydrolysis,  acetolysis,  and 
oxidation  of  cellulose  are  examples  of  such  attack.  Partial 
hydrolysis — usually  referred  to  under  the  obscure  term 
"hydrocellulose" — would  mean  the  hydrolysis  of  a  fraction  of 
the  number  of  units  originally  present  in  the  aggregate.  A 
similar  picture  would  obtain  in  the  case  of  partially  oxidized 
cellulose  (oxy cellulose).  In  either  case  the  hydrolyzed  or 
oxidized  material  may  be  adsorbed  on  the  surface  of  unchanged 
cellulose  units. 

In  practice  these  two  types  of  changes  cannot  be  readily 
distinguished  from  each  other.  It  is  almost  impossible 
to  drastically  alter  a  cellulose  aggregate,  by  meddling  with 
secondary  valence,  without  causing  some  chemical  change 
in  at  least  a  few  of  the  cellulose  units.  ^Vhen  the  surface 
area  is  increased,  the  chemical  resistance  of  the  unit  is 
weakened.  This  must  be  borne  in  mind  in  seeking  to  in- 
terpret any  analytical  data  in  connection  with  cellulose. 
It  should  also  be  taken  into  account  when  we  indulge  in  the 
common  but  rather  questionable  practice  of  bolstering  our 
ideas  on  the  constitution  of  some  particular  cellulose  with  a 
mass  of  analytical  data. 

Wood  Cellulose 

In  general,  wood  cellulose  is  a  residue  remaining  after  more 
or  less  drastic  treatment  of  wood  to  remove  lignin  and  carbo- 
hydrates other  than  cellulose.  Such  treatment  may  involve 
the  preparation  of  chemical  pulp  by  any  one  of  the  three 
well-known  processes,  or,  if  the  isolation  is  analytical,  may 
cause  the  removal  of  lignin  by  alternate  treatment  of  the  finely 
divided  wood  with  chlorine  and  sodium  sulfite.  In  the 
United  States,  at  least,  the  term  "wood  cellulose"  has  gen- 
erally referred  to  the  residue  isolated  by  a  chlorination 
method." 


Wi^ J{ 


The  residue  when  subjected  to  further  purification,  such  as 
digestion  with  cold  alkali  and  careful  washing  with  water 
and  acid,  has  been  termed  "normal"  or  "alpha"  cellulose. 
The  limitations  of  these  terms  have  been  commented  upon  in 
a  previous  communication."  Normal  wood  cellulose,  as 
defined,  possesses  the  following  properties  in  common  with 
those  of  cotton  cellulose: 

1 — It  may  be  hydrolyzed  almost  quantitatively  to  d-glucose. 
The  rate  of  hydrolysis  after  peptization  of  the  cellulose  is  nearly 
identical  with  that  of  cotton  cellulose.'* 

2 — On  acetolysis  it  yields  appreciable  quantities  of  cellobiose 
octacetate.'* 

,3 — It  shows  a  crystalline  structure  practically  identical  with 
that  of  cotton  cellulose. '- 


"  Schorger,  This  Journal, "9  (1917),  567;    Dore,  Ihid..  12  (1920).  266. 

'«  Wise  and  Russell,  loc.  cit. 

"  Heuser  and  Boedeker,  loc.  cil. 

"  Russell,  at  the  Pittsburgh  meeting  of  the  American  Chemical  Society, 
reported  the  formation  of  cellobiose  octacetate  on  acetolysis  of  the 
cellulose  isolated  from  each  of  ten  commercial  species  of  wood.      Details  i 
reserved  for  a  later  publication. 
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4 — On  nitration  for  industrial  purposes,  it  yields  nitrates 
very  similar  to  those  of  cotton  cellulose." 

These  facts  taken  by  themselves  might  argue  for  the  iden- 
tity of  cotton  and  wood  cellulose,  were  it  not  for  the  following 
disconcerting  data.  Wood  cellulose  from  coniferous  woods, 
even  when  carefully  purified,  has  been  shown  by  Sherrard 
and  Blanco '*  to  yield  small  but  appreciable  quantities  of 
mannose  on  hydrolysis.  Wood  cellulose  isolated  from  the 
angiosperms  when  carefully  purified  still  contains  small 
amounts  of  furfural-yielding  substances.^' 

Another  argument  against  the  identity  of  wood  and  cotton 
cellulose  has  been  advanced  on  the  basis  of  the  absence  of 
so-called  7-cellulpse  from  purified  cotton,  and  its  presence  in 
appreciable  quantities  in  the  cellulose  obtained  from  wood.-" 

In  the  opinion  of  the  writer,  however,  analytical  data 
regarding  7-cellulose  have  no  vital  bearing  on  the  true  nature 
of  wood  cellulose.  The  term  "7-ceUulose"  refers  to  a  frac- 
tion, of  very  uncertain  identity,  obtained  in  a  convenient 
but  arbitrary  analytical  procedure,  which  has  never  been 
correlated  with  problems  on  the  constitution  of  cellulose. 
It  has  been  shown  that  conditions  of  clilorination  influence  the 
amount  of  a-cellulose  very  considerably  in  the  same  sample 
of  cotton  or  wood  cellulose.  Successive  clilorinations, 
while  they  do  not  appreciably  affect  the  total  cellulose  con- 
tent, serve  to  decrease  the  percentage  of  a-cellulose.'-"  This 
would  mean  an  increase  in  the  /3-  or  7-cellulose  content  or 
in  both.  It  would  appear,  therefore,  that  13-  and  "y-cellulose 
may  actually  be  considered,  in  part  at  least,  derivatives  of 
the  original  cellulose.  They  may  be  produced  during  the 
clilnrinatiim,  and  are  not  necessarily  part  of  the  original 
celluldse  aggregate.  Needless  to  say,  the  formation  of  alkali- 
soluble  cellulose  (/3-  and  7-ceUulose)  would  depend  in  no  small 
measure  on  the  physical  condition  (state  of  aggregation) 
of  the  original  cellulose.  In  the  case  of  celluloses  which  have 
undergone  drastic  treatment  prior  to  the  cellulose  analysis, 
whether  this  treatment  is  due  to  the  action  of  molds  or  to  a 
chemical  process,  lessened  resistance  to  oxidation  might  be 
expected,  and  consequently  less  a-cellulose  and  correspond- 
ingly more  fi-  and  7-cellulose  in  the  residue  after  chlorination. 
In  other  words,  there  is  at  present  little  or  no  evidence  that 
/3-  or  7-cellulose  are  actually  components  of  the  origmal 
material  from  which  cellulose  has  been  isolated. 

The  question  now  arises — can  these  other  data  be  brought 
into  harmony  in  the  formulation  of  an  hypothesis  regarding 
the  constitution  of  wood  cellulose?  It  must  be  assumed  at 
the  outset  that  the  wood-cellulose  aggregate  is  a  very  variable 
one.  It  is  doubtful  whether  the  same  investigator  can  suc- 
ceed in  isolatmg  the  same  aggregate  from  the  same  sample  of 
wood  in  two  successive  experiments.  This  does  not  mean  that 
the  great  majority  of  units  in  such  an  aggregate  (in  purified 
wood  cellulose)  may  not  be  identical  with  the  units  in  cotton 
cellulose. 

If  this  is  true,  the  minority  units — i.  e.,  those  not  identical 
with  the  cotton-cellulose  unit — which  perhaps  make  up  a 
part  of  the  wood-cellulose  aggregate,  might  reasonably  be  con- 
sidered the  units  of  those  carbohydrates  which  are  adsorbed 
on  the  cellulose  during  the  growth  of  the  cell.  Wislieenus 
and  Kleinstiick^-  have  shown  experimentally  that  woody  tis- 
sue is  probably  built  up  by  adsorption  on  the  cellulose  gel  of 
substances  derived  from  the  cell  sap.  This  essentially  is  the 
process  of  lignification.  The  fact  that  some  of  these  ad- 
sorbed   substances  remain  closely  associated  with  the  cel- 

1^  Schwalbe,  loc.  cit. 

^^  Preliminary  reports  at  the  Birmingham  and  Pittsburgh  meetings  of  the 

Chemical  Society. 
'•  Wise  and  Russell,  unpublished  data;    also  Schorger,  loc.  cit. 

20  Mahood  and  Cable,  loc.  cit. 

21  Wise  and  Russell,  loc.  cit. 
"  Chem.  Ind.  Kolloide,  6  (1910),   17,  87. 


lulose,  even  after  drastic  treatment  when  so-called  typical 
pentosans,  mannans,  etc.,  are  dissolved  or  destroyed  by  such 
treatment,  is  not  out  of  harmony  with  our  general  knowledge 
regarding  changes  in  the  properties  of  substances  following 
adsorption.  Purification  of  wood  cellulose  always  involves 
the  attempted  removal  of  extraneous  material  with  the 
minimiun  change  in  the  cellulose.  On  the  other  hand,  it 
does  not  permit  the  true  solution  and  reprecipitation  of  cel- 
lulose which  might  facilitate  the  removal  of  extraneous 
material,  and  it  is  common  knowledge  that  solids  adsorbed  by 
gelatinous  precipitates  may  be  exceedingly  difficult  to  remove. 


Pnrmru  Weme 


Taking  these  facts  into  consideration,  and  realizing  that  cot- 
ton and  wood  cellulose  have  many  chemical  properties  in  com- 
mon, it  appears  reasonable  to  formulate  an  hypothesis  for 
the  structure  of  wood  cellulose  which  is  very  similar  to  that 
advanced  for  cotton  cellulose.  In  the  case  of  the  wood- 
cellulose  aggregate  (the  wall),  most  of  the  units  (bricks)  ai> 
pear  to  be  identical  with  those  in  the  cotton-cellulose  ag- 
gregate. Varying  amounts,  and  varying  types  of  other 
units,  however,  may  also  be  present  in  the  wood-cellulose 
aggregate,  such  units  being  adsorbed  on  the  surface  of 
the  cellulose  units  during  growth.  Fig.  3  gives  a  crude 
picture  of  wood  cellulose.  Again  we  have  the  typical  cel- 
lulose bricks  in  the  cellulose  wall  held  together  by  secondary 
valence  mortar,  but  besides  we  have  a  smaller  number  of 
other  units — mannans,  pentosans,  methyl  pentosans,  gal- 
actans,  or  any  other  type  of  polysaccharide — that  can  con- 
ceivably be  adsorbed  during  the  growth  of  the  wall.  The 
number  and  type  of  these  foreign  units  depend  on  the  condi- 
tions of  cell  growth  and  lignification,  and  also  on  the  purifi- 
cation to  which  the  wood  cellulose  has  been  subjected.  The 
hypothesis  naturally  accounts  for  any  mannose  that  may 
be  found  in  the  hydrolysis  mixtures  obtained  from  the 
cellulose  of  coniferous  woods.  It  also  explains  the  presence 
of  furfural  and  methyl  furfural-yielding  substances  in  the 
a-cellulose  isolated  from  hardwoods. 

From  such  an  hypothesis  we  would  expect  the  purified 
wood-cellulose  aggregate  to  manifest  a  behavior  similar  to 
that  of  cotton  cellulose  in  cases  where  the  secondary  valences 
are  disturbed.  Furthermore,  we  would  expect  reactions 
akin  to  those  of  cotton  cellulose  when  wood  cellulose  is  sub- 
jected to  hydrolysis,  oxidation,  esterification,  and  acetolysis. 
As  a  matter  of  fact,  the  properties  of  wood  cellulose  closely 
approximate  those  of  cotton  cellulose,  and  appear  to  be  in 
harmony  with  the  hypothesis. 

Whereas  the  foregoing  should  be  taken  only  as  a  working 
hypothesis  (and  the  brick-wall  analogy  should  not  be  taken 
too  literally),  it  appears  more  readily  acceptable  to  the  writer 
than  one  which  admits  the  possibility  of  a  different  cellulose 
unit  for  each  species  of  wood.  Furthermore,  it  agrees  with 
the  more  modern  viewpoint  on  cotton  cellulose.  Its  flexi- 
bility is  apparent,  since  it  accounts  satisfactorily  for  any 
percentage  of  pentosans  or  hexosans  that  may  be  found  in 
the  cellulose  aggregate.  Finally,  it  seems  to  harmonize 
with  the  present-day  concepts  of  lignification  and  with  the 
views  of  plant  physiologists  and  phytochemists.-^ 

"  Wislieenus,  Kolloid-Z..  5  (1920),  209. 
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Distribution  of  Methoxyl  in  the  Products  of  Cooking  Jack 
Pine  by  the  Soda  Process' 


By  S.  S.  Aiyar" 


Forest  Products  Laboratory,  Madison,  Wis. 


THE  wood,  chipped  in 
the  usual  way,  was 
cooked  in  a  rotary 
vertical  digester  ■with  direct 
and  indirect  steam  heating 
arrangements.  Before 
starting  the  cook  the  chips 
were  impregnated  mth  the 
caustic  lye  in  the  cold  at  a 
pressure  of  110  lbs.  per  sq. 
in.,  and  the  liquor  was 
partly  mthdrawn,  leaving 
behind  enough  to  complete 

the  cook.  The  Ij'e  in  the  digester  was  in  every  case  made 
up  to  the  same  strength  before  turning  on  steam.  As  far  as 
possible,  all  the  other  factors — viz.,  concentration  of  the  lye 
before  the  cook,  amount  of  caustic  on  the  basis  of  the 
wood,  time  to  reach  maximum  temperature  and  pressure, 
weight  of  wood,  etc. — were  kept  constant.  In  everj-  cook 
enough  wood  to  yield  100  lbs.  bone-dry  wood  was  used. 
The  only  variable  was  time.  The  concentration  of  the  lye 
at  the  start  and  of  the  cooking  liquor  was  kept  at  about  96 
g.  per  liter  in  every  case. 

Samples  of  white  liquor,  or  caustic  lye,  were  taken  before 
and  after  impregnation.  Steam  was  then  turned  on  and  the 
cooks  started  according  to  fixed  schedule.  After  the  pre- 
scribed time  a  sample  of  black  liquor  was  drawn  off  tlirough 
a  condenser  from  each  cook  and  the  cook  discharged  as  usual. 
Samples  of  pulp  were  taken  after  the  cooked  stocks  were 
washed  and  pressed. 

Experimental 

Zeisel's  method^  T\dth  the  modified  apparatus  described  in 
the  pre^^ous  paper  was  used  for  the  determination  of  the 
methoxyl  in  the  products.  Since  the  white  liquor  was  re- 
peatedly used  to  impregnate  the  wood  before  cookmg,  the 
liquor  naturally  contained  a  small  amount  of  methoxyl.  This 
was  at  no  time  high,  as  fresh  liquor  was  added  with  the  con- 
sumption of  old  stock.  Yet,  an  appreciable  amount  of 
methoxyl  was  found  to  be  present  in  the  white  liquor  both  be- 
fore and  after  impregnation,  and  this  had  to  be  taken  into 
account  in  the  computations.  Ivnowing  the  weight  of  the 
white  liquors  introduced  and  withdrawn,  and  their  methoxj'l 
contents,  the  required  correction  could  be  calculated. 

'  Received  December  12,  1922. 

'  Mysore  Government  Foreign  Scholar. 

»  Hawley  and  Aiyar,  This  Journ.u,,  14  (1922),  1055. 

•  Zeisel,  Monatsh.,  6,  989,  and  7.  406. 


This  is  a  continuation  of  the  work  on  "Distribution  of  Methoxyl 
in  the  Products  of  iVood  Distillation,"''  and  the  same  general  methods 
were  used.  Soda  cook.s  on  jack,  pine  (Pinus  dioaricata)  were  in 
progress  at  the  Forest  Products  Laboratory  under  the  direction  of  S. 
D.  Wells  to  study  the  effect  of  modifications  of  the  process,  and  it  was 
arranged  to  procure  the  necessary  samples  from  each  cook  '"  deter- 
mine the  methoxyl  distribution. 

It  was  planned  to  determine  methoxyl  in  the  original  wood  and  in 
the  pulp  and  black  liquor  as  produced  under  different  cooking  con- 
ditions: the  methoxyl  in  the  black  liguor  was  also  divided  into  volatile 
and  nonvolatile. 


Total  methoxyl  was  de- 
termined in  one  part  of  the 
samples  of  the  black  liquor 
and  another  part  was  dis- 
tilled to  a  thick  sirupy  resi- 
due. The  methoxj'l  was 
determined  in  this  residue 
as  fixed  methoxyl,  and  the 
volatile  metho.xyl  of  the 
black  liquor  was  computed 
by  difference. 

Duplicates  of  all  deter- 
minations were  made  and 
the  averages  of  the  two,  usually  varying  not  more  than 
0.1  or  at  most  0.2  per  cent,  are  shown  in  the  tables. 
Results  and  Discussion 
Table  I  gives  the  results  of  the  methoxj'l  determinations  on 
the  products  of  soda  cooks  of  jack  pine.  It  will  be  seen  from 
the  table  that  not  only  the  methoxy  content  of  the  pulp  falls 
as  the  duration  of  cook  is  lengthened,  but  also  the  total 
methoxj'l  in  the  pulp  based  on  a  constant  weight  of  wood. 
After  2  hrs.  the  progressive  reduction  in  both  the  figures  is  not 
so  marked  as  before.  In  fact,  there  seems  to  be  no  advantage 
in  cooking  for  longer  periods  than  2  lirs.  from  the  standpoint 
of  the  removal  of  noncellulose  material.  Though  this  is 
no  new  fact  to  the  industry,  j'et  it  is  of  interest  that  it  has 
been  brought  out  by  a  different  procedure. 

While  the  pulp  loses  methox-j'l,  the  liquor  gains  it,  as  would 
naturaUj'  be  expected  (Table  I,  Columns  7  and  8).  The 
figures  for  4  and  6-hr.  cooks  need  some  explanation.  The 
methox-yl  content  of  black  liquor  of  these  two  cooks  seems  to 
be  lower  than  the  one  above  (Column  7),  and  hence  the 
column,  instead  of  showing  an  ascending  series  of  figures, 
shows  a  fall  in  the  last  two  figures.  This  is  due  to  the  con- 
densation of  a  larger  amount  of  water  from  steam  as  compared 
with  the  2  and  3-hr.  cooks  and  consequent  dilution.  There  is 
another  discrepancy  in  both  these  cooks  in  that  the  total 
methoxj'l  content  of  black  liquor  is  above  that  of  wood,  which 
is  impossible.  There  must  have  been  some  error  in  the  weight 
of  the  black  hquor,  thus  showing  a  high  total  methoxj'l  con- 
tent. The  figures  for  the  4-lir.  cook  are  especiallj'  question- 
able tlirough  all  the  tables.  Even  leaving  that  out  of  con- 
sideration, the  conclusions  are  in  no  waj'  affected. 

It  will  be  seen  in  Table  II  that  the  maximum  of  the  volatile 
methoxj'l  compounds  is  reached  in  half  to  one  hour  after  the 
maximum  pressure  is  attained,  and  then  falls  gradually.  One 
would  expect  that  the  longer  the  cook  the  greater  would  be  the 


Table  I 

— Methoxvi, 

IN  the  Products  of  Soda  Cook  op  Jack  Pine" 

1 

Duration  of 
Cook  from 

2 
Dry  Pulp 

3 

4 

5 
Total 

6 
Weight  of 

7 

8 
Total 

9 

Corrections  to 

be  Applied 

10 
Total 

Maximum 

from  100  Lbs. 

Weight 

OCHj  in 

OCHi  in 

Black  Liquor 

OCHjin 

OCHj  in  the 

for  OCH. 

OCHj  in 

Pressure 
Hrs. 

Dry  Wood 

of  Pulp 

Pulp 

the  Pulp 

after  Cook 

Black  Liquor 

Black  Liquor 

in  White 

Products 

Lbs. 

Kg. 

% 

Kg. 

Kg. 

% 

Kg. 

Liquor 

Kg. 

-0.5 

80.7 

36.7 

4.67 

1.714 

136.8 

0.430 

0.59 

-0.08 

2.22 

0 

66.5 

30.2 

3.96 

1.196 

244.8 

0.460 

1.127 

-0.14 

2.18 

-t-O.S 

58.4 

26.5 

3.45 

0.914 

247.7 

0.567 

1.40 

-0.024 

2.3 

1 

51.6 

23.4 

2.74 

0.64 

186.3 

0.985 

1.83 

-0.20 

2.3 

2 

44.6 

20.3 

1.60 

0.33 

194.2 

0.975 

1.89 

-0.14 

2.10 

3 

46.0 

21.0 

1.515 

0.32 

161.9 

1.180 

1.92 

-0.19 

2.10 

4 

37.1 

16.8 

1.95 

0.33 

279.0 

0.980 

2  70 

+  0.12 

2.90 

6 

45.7 

20.8 

1.19 

0.24 

252.5 

0.927 

2.34 

W 

2.58 

»  The  wood  used  contained  4.S4  per  cent  methoxyl  giving  2.2  kg.  methoxyl  in  each  charge. 

t  White  hquor  samples  were  not  available  for  the  last  cook,  and  hence  the  correction  factor  is  not  known. 
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amount  of  methanol  formed,  owing  to  the  hydrolysis  of  lignin 
in  the  wood.  But,  curiously  enough,  it  seems  as  though  the 
volatile  methoxyl  compounds  recombine  to  form  stable  non- 
volatile compounds.  The  equilibrium  seems  to  be  shifted 
backwards  as  the  concentration  of  the  alkali  falls  and  more 
woody  material  is  dissolved  in  the  liquor.  Tliis  reduction 
cannot  be  explained  by  loss  of  the  volatile  products,  since 
almost  all  the  methox-yl  of  the  wood  is  apparently  recovered 
in  the  products.  Although  the  figures  for  the  last  two  cooks 
are  questionable,  for  reasons  already  mentioned,  these  con- 
clusions are  strongly  indicated.  Fig.  1  shows  tliis  more 
definitely.  According  to  Bergstrom^  pine  and  spruce  yield 
the  same  amount  of  methanol  in  the  sulfate  process,  15  kg. 
for  1000  kg.  of  cellulose  manufactured.  P'ive  kilograms  of 
this  are  obtained  from  the  vapors  and  the  rest  while  con- 
centrating the  black  liquor.  This  works  out  to  1.5  per  cent 
of  the  cellulose,  which  is  only  about  40  per  cent  of  the  wood. 
So,  on  the  basis  of  wood,  the  yield  of  methanol  in  the  sulfate 
process  is  not  over  0.6  per  cent.  From  small-scale  cooks 
with  soda,  Bergstrom  obtained  the  following  yields  of  meth- 
anol: 

Per  cent 

Fichte  (Pkea  excelsa) 0 .  67 

Kiefer  [Piiius  silveslris) 0.67 

Pinus  palustris 0.  68 

Pinus  echinata 0 .  66 

Aspen 0 .  67 

Birch 0.81 

Gum 0.83 

The  yield  is  much  less  in  the  case  of  the  sulfite  process.  The 
pines,  according  to  the  table,  yield  methanol  on  an  average 
of  0.67  per  cent  of  the  wood.  In  the  work  of  the  authors  as 
much  as  1.56  per  cent  of  methoxyl  volatile  products  have  been 
obtained.  Of  course,  this  may  include  not  only  methanol, 
but  also  other  volatile  methoxyl  derivatives.  Furthermore, 
their  method  of  estimation  was  more  quantitative  than 
obtains  in  the  commercial  recovery  of  methanol.  The  main 
reason  for  Bergstrom's  low  yield  is  probably  that  he  recovered 
the  methanol  after  periods  of  cook  longer  than  one  hour, 
while  the  author's  results  show  that  the  volatile  products  of 
methoxyl  diminish  after  that  period. 

In  Column  7  of  Table  II  is  given  a  set  of  figures  which  repre- 
sent those  in  Column  6,  corrected  for  the  methox-yl  in  the 
liquor  introduced  for  the  cook,  on  the  assumption  that  this 
methox-yl  is  fixed.  Since  this  methoxyl  is  brought  into  the 
liquor  by  its  repeated  use  for  impregnation,  it  may  not  be 
far  wrong  to  assume  it  to  be  fixed.  The  fact  that  the  figures 
in  Column  7  show  greater  regularity  than  those  in  Column  6 

s  Papier-Fabr.,  10  (1912),  677.  359. 


Table  II — Fixed 


Duration 
of  Cook 

Maximum 

Pressure 

Hrs. 

-0.5 

0 
+  0.5 


Total 

OCHi 

in  Black 

Liquor 

Kg. 

0.59 

1.13 

1.40 

1.83 

1.89 

1.92 

2.70  (?) 

2.34 


Volatile  Methoxyl  in  the  Black  Liquor 
Total  Volatile  OCHs 

OCHj  Compounds(Diff. 

of  Columns  2  and  5) 
Corrected  as 
trticor-    per  Table  I, 
:ted      Column  9 


:sidue  Residue 

Black  OCHj  %  (Fixed- 
Methoxy) 
Kg. 
0.22 
0,84 
0.64 
1.27 


32.5 
29.2 
34.7 


of  the 
Residue 
0.86 
1.44 
1.13 


2.10 
2.65 
2.93 
2.44 
2.90 


1.50 
1.64 
1.64 
2.26 


Kg. 

0.37 

0.29 

0.76 

0.56 

0.49 

0.28 

1.06  ( 

O.OS 


Kg. 
0.45 
0.43 
0.78 
0.76 
0.63 
0.47 
0.94  (?) 
(?) 


seems  to  bear  out  the  assumption.    The  curves  for  both  cor- 
rected and  uncorrected  figures  are  given  in  Fig.  1. 

A  very  interesting  relation  exists  between  the  lignin  and 
the  methox-yl  contents  of  the  pulps.  Representing  these  in 
terms  of  the  percentages  based  on  the  lignin  and  methoxyl  in 
the  wood,  the  figures  show  a  close  parallel. 


Table  III 

—Relation 

BETWEEN 

Lignin  and 

Methoxyl 

N  THE  PuLPa 

Duration 

Actual 

OCHa  in 

of  Cook 

Pulp 

Weight 

Lignin  in 

Pulp  on 

from 

Obtained 

of  Lignin 

Pulp  on 

OCH3 

Vlaximum 

in  Each 

Lignm  ii 

1         Pulp  so 

Lignin  of 

Content 

Pressure 

Cook 

Pulp 

Obtained 

Wood 

of  Wood 

Hrs. 

% 

% 

Lbs. 

% 

% 

-0.5 

80.7 

31.7 

25,5 

80,4 

77,9 

0 

66.5 

25,1 

16,7 

51.4 

54,0 

+  0.5 

58.4 

23.7 

13.9 

43.8 

41,5 

1 

51.6 

17.4 

9.0 

28.4 

29.1 

2 

44.6 

10,45 

4.7 

14.8 

15.0 

3 

46.0 

10.05 

4.6 

14.5 

14.5 

4 

37.1 

11.9 

4.4 

13.9 

15.0 

6 

45.7 

7.0 

4.4 

13.9 

10.91  (?) 

<■  In  each  cook  100  lbs.  dry  we 

ight  of  wood  containing  32,8  lbs.  of  lign 

The  last  two  columns  of  Table  III  show  this  in  a  striking 
manner.  Allowing  for  the  experimental  errors,  and  more 
especially  for  the  difficulty  in  attaining  scientific  accuracy  in 
the  semicommercial  cooks  on  which  this  study  is  based,  the 
figures  are  practically  identical.  This  is  in  spite  of  the  fact 
that  the  methox-yl  determinations  were  conducted  by  the 
author  and  the  lignin  determination  by  the  Ost  and  Wil- 
kenung''  method  by  Mr.  Bray.'  Hence,  there  seems  to  be 
no  doubt  that  all  methoxjd  is  associated  with  lignin  and  that 
the  methoxyl  is  combined  with  the  lignin  in  only  one  way. 

Conclusions 

As  the  duration  of  cook  is  lengthened  the  methoxyl  in  the 
pulp  falls  rapidly  for  the  first  2  hrs.,  and  thereafter  the 
metho.xy  removal  is  very  slow. 

The  liquor   contains  volatile  and   nonvolatile  methoxyl 

•  Chem.  Ztg.,  34  (1910),  461. 

'  Chemist  in  Forest  Products.  Pulp  and  Paper  Section  of  the  Forest 
Products   Laboratory. 
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compounds,  the  former  attaining  a  maximum  in  half  to  one 
hour  from  the  time  of  maximum  pressure  in  the  digester. 
Thereafter,  their  quantity  seems  to  diminish. 

The  lignin  and  methoxj'l  contents  of  pulps  from  cooks  of 
different  duration,  expressed  in  percentages  of  those  of  wood 
are  almost  identical,  thus  showing  that  all  the  methoxj-'l  is 
associated  with  lignin. 


This  study  also  shows  that  there  is  no  advantage  in  cooking 
for  longer  than  2  hrs.  at  100  to  110  lbs.  per  sq.  in. 
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Consistency  Determination  of  Greases' 

By  Charles  B.  Kams  and  Oscar  L.  Maag 

Research  Labor.\tories  of  the  Galena-Signai.  Oil  Co..  Franklin.  Pa. 


WHILE  it  has  been  the  practice  for  many  years  in 
classifjlng  liquid  lubricants  to  give  consideration 
to  their  body  in  determining  their  value  as  a  speci- 
fied lubricant  in  connection  with  the  service  requirement, 
wliich  body  or  viscosity  is  determined  by  instruments  avail- 
able for  this  purpose,  the  same  cannot  be  said  of  solid  lubri- 
cants such  as  greases. 

For  many  year^  greases  have  been  used  as  lubricants,  yet  no 
instrument  has  been  available  to  determine  satisfactorily  their 
consistency  or  body  and  tlius  furnish  reliable  data  as  to  the 
general  classification  of  greases  for  their  many  different  re- 
quirements. 

The  writers  with  this  in  mind  have  spent  considerable  time 
in  developing  a  suitable  apparatus  which  will  determine 
accurately  the  consistency  or  solidity  of  not  only  the  soft 
greases,  but  the  harder  solid  greases  as  weU.  This  machine 
was  developed  principallj'  for  plant  control  in  the  manufacture 
of  many  kinds  of  greases,  and  has  been  successfully  used  in 
this  respect  for  over  a  year,  proving  an  important  factor  in 
the  control  of  grease  manufacture,  as  well  as  in  designating 
the  various  grades  of  greases  for  general  and  special  lubrica- 
tion. By  means  of  this  apparatus  it  is  possible  to  classify 
greases  similar  to  the  waj'  that  \dscosity  classifies  liquid  lubri- 
cants such  as  oOs. 

The  apparatus  is  so  constructed  that  by  pressing  a  trigger 
a  set  of  jaws  opens  and  allows  a  ball  of  definite  weight  and  di- 
ameter to  fall  a  specified  distance  into  the  center  of  a  standard 
cylinder  containing  the  grease  to  be  tested.  The  depth  that 
the  ball  penetrates  into  the  grease  is  measured  in  millimeters 
by  a  depth  gage  and  recorded  as  the  consistency  or  degree  of 
solidity  of  the  grease. 

For  lubricants  which  are  too  hard  to  be  determined  in  this 
manner,  such  as  hard  greases  for  railroad  lubrication,  the  ball 
faUs  upon  a  pin  wliich  is  held  by  a  disk  in  the  standard  cylinder 
centrally  above  the  sample  of  hard  grease  contained  in  a  small 
cylindrical  cup.  The  depth  in  millimeters  that  this  pin  pene- 
trates into  the  hard  grease  is  recorded  as  its  consistency. 
Consistencies  determined  bj'  the  ball  falling  directly  into  the 
grease  are  denoted  by  scale  S,  while  readings  procured  by  using 
the  pin  are  designated  by  scale  H,  in  order  to  distinguish  re- 
sults obtained  by  the  two  methods. 

The  tabulated  results  of  consistency  determinations  of 
typical  greases  that  cover  the  hardness  ordinarily  encomitered 
in  these  lubricants  give  an  idea  of  the  results  obtained  with 
this  apparatus. 

The  effect  of  temperature  is  quite  noticeable  on  some 
greases — for  example,  a  soft  grease  which  had  a  consistency 
of  35.0,  scale  S,  at  75°  F.,  gave  a  result  of  22.5,  scale  S,  at  35°  F. 
Also,  a  hard  grease,  such  as  used  for  railroad  lubrication, 
which  had  a  consistencj'  of  7.5,  scale  H,  at  75°  F.,  gave  a  result 
of3.  0,scaleH,  at35°F. 

'  Received  December  26,  1922. 


Consistency  Taken 
Motor-Cup  Greases  at  75°  F. 

Heavy  grade   4.5\ 

Medium  grade 7-5l,e     ,    o 

Soft  grade 12.5  /»:ale  S 

Especially  soft  lubricating  grease. ...  35.5/ 

Hard  Greases  for  Railroad  Lubrication 

No,  1 11.5) 

No.  2 9.0  f  Scale  H 

No. 3 7.5\ 

The  WTiters  have  found  the  temperature  of  75°  F.  to  be  very 
convenient  for  determining  the  consistency  of  most  greases; 
however,  for  unusually  soft  greases  a  temperature  of  35°  F. 
is  sometimes  more  satisfactory. 

In  order  that  different  consistometers  may  give  concordant 
results  it  is  essential  that  the  parts  be  thorougUy  standardized 
in  their  manufacture. 

The  writers  are  collecting  data  with  this  consistometer 
relative  to  the  properties  of  various  greases,  which  they  will 
publish  as  soon  as  the  work  under  progress  is  completed. 
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The  Solvent  Properties  of  Acetone' 


By  R.  F.  Remler= 

OF  Industrial  Research.  Pittsburgh.  Pa 


Acetone  finds  wide  application  in  various  industries  as  an  organic 
solvent.  Its  complete  miscibility  with  Water  makes  it  an  excellent 
dehydrating  agent,  and  its  miscibility  with  numerous  other  solvents 
permits  its  use  with  them,  thereby  increasing  their  individual  effi- 
ciency. In  some  instances  the  addition  of  a  small  amount  of  acetone 
to  two  immiscible  liquids  produces  a  homogeneous  solvent. 

The  purity  and  uniformity  of  the  present  readily  available  grade  of 
commercial  acetone,  obtained  from  calcium  acetate,  permits  its  use  in 
processes  where  the  presence  of  small  amounts  of  foreign  substances 
might  interfere  with  the  final  product.  Its  low  boiling  point  enables 
it  to  be  used  for  extraction  purposes  at  a  low  cost  for  fuel  and  without 


danger  of  decomposition  of  the  final  product.  Acetone  is  not  as 
inflammable  as  benzene,  toluene,  ethyl  ether,  petroleum  ether, 
gasoline,  or  pentane.  Its  pathological  effects  are  negligible.  Its 
low  specific  gravity  lowers  its  price  per  gallon  below  that  of  other 
solvents  of  higher  specific  gravity  when  purchased  by  the  pound. 
In  a  number  of  instances,  where  used  as  a  lacquer  or  varnish  solvent, 
its  vapors  can  be  recovered  by  absorption  in  a  suitable  medium  and 
then  separated  by  fractionation. 

Acetone  is  used  successfully  as  a  solvent  for  acetylene,  cellulose 
triacetate,  cellulose  nitrates,  celluoid.  gums,  resins,  oils,  and  fats. 
Data  relative  thereto  are  presented  to  show  the  efficiency  of  the  agent. 


THE  excellent  solvent  properties  of  acetone  have  estab- 
lished its  useful  application  in  many  industries,  not- 
withstanding the  fact  that  data  relative  to  its  value 
as  a  solvent  are  widely  disseminated  in  the  literature  and  are 
also  sometimes  indefinite.  The  large  quantities  of  this 
solvent  used  during  the  World  War,  in  the  manufacture  of 
cordite  and  airplane  "dope,"  exceeded  the  production  from 
calcium  acetate,  with  the  result  that  new  methods  for  its 
manufacture  were  developed.  At  the  present  time  the  sup- 
ply of  the  chemical  is  greater  than  the  demand,  and  conse- 
quently there  has  been  a  drop  in  price  (Fig.  1).  The  availa- 
bility of  acetone  in  any  quantity  at  a  reasonable  cost,  to- 
gether with  its  technically  important  solvent  properties,  has 
suggested  consideration  to  the  extension  of  its  present  ap- 
plications and  to  finding  new  uses  for  it  in  industry.  It 
was  for  this  purpose  that  the  inquiry  described  in  this  paper 
was  carried  out  at  the  Mellon  Institute. 


Price  of  Acetone 
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Advantages  of  Acetone  as  a  Solvent 

1 — The  grade  of  acetone  obtained  at  present  from  calcium 
acetate  is  of  good  quality  and  homogeneity  (Fig.  2). 

2 — It  is  entirely  volatile  and  does  not  impart  an  odor  to  the 
solute  or  extracted  material. 

3 — Acetone  has  a  boiling  point  of  56.5°  C.  and  freezing  point 
of  —94.6°  C.  at  normal  pressure. 

4 — Acetone  is  inflammable,  but  not  to  as  great  a  degree  as 


ethyl  ether,  carbon  disulfide,  benzene,  toluene,  gasoline,  petro- 
leum ether,  and  pentane.' 

5 — Acetone  is  miscible  in  all  proportions  with  water  and 
numerous  other  solvents. 

6 — It  is  not  only  miscible  with  water,  but  acts  as  a  "couple" 
when  added  to  certain  immiscible  solvents. 

7 — Acetone  is  a  toxic  substance,^  but  its  potency  is  not  as 
great  as  that  of  tetrachlorethane,  benzene,  or  methanol. 

8 — Acetone  vapors  are  recovered  easily  by  absorption  in  water,' 
cresol  and  phenols,'  or  wood-tar  oil.' 

Technical  Uses  of  Acetone  as  a  Solvent 

1 — Acetone  is  not  the  best  but  is  the  most  suitable  solvent  for 
acetylene.' 

2 — It  is  one  of  the  most  valuable  solvents  for  cellulose  esters, 
especially  in  connection  with  smokeless  powder  and  cellulose 
acetate  manufacture. 

3 — The  use  of  acetone  has  been  proposed  for  extracting  wood 
pulp,'  to  remove  resins  and  other  undesirable  material;  as  a 
solvent  for  scrap  celluloid  in  preparing  celluloid  varnish;'"  as 
a  solvent  for  celluloid  and  wax,  to  prepare  an  elastic  coating  for 
linens,"  and  in  making  a  waterproof  adhesive  from  celluloid  and 
the  acetone  extract  from  gum-lac."' 

4 — Acetone  is  used  to  a  large  extent  in  making  paint  and  var- 
nish removers." 

5 — Acetone  dissolves  the  lighter  constituents  from  asphalts 
and  bitumens."  Wood-tar  pitches  are  more  soluble  in  acetone 
than  in  carbon  disulfide."  Acetone  is  used  as  a  substitute  for 
benzene-alcohol  mixture  for  extracting  montan  wax  from  lignite ;" 
for  removing  paraffin  wax  from  shale  oil,"  and  as  a  solvent  in 
bituminous  paints." 


*  Presented  before  the  Division  of  Industrial  and  Engineering  Chemis- 
try at  the  64th  Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa., 
S^tember  4  to  8,  1922. 

'  Industrial  Fellow. 


>  Payman,  J.  Soc.  Chem.  Ind.,  37  (1918),  406R;  Fowler,  J.  Indian  Inst. 
Sci.,  4  (1921),  1;  Wheeler  and  Whitaker,  J.  Chem.  Soc.  (London),  111  (1917), 
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<  Salant  and  Kleitman,  J.  Pharmacol..  19  (1922),  293. 

'  Rev.  prod.  chim-.  23  (1920).  237. 

"Can.  Patent  195,703  (1920);  Brit.  Patents  127,309(1917);  128,604 
(1917);    U.  S.  Patents  1.315.700  and  1,316,701  (1919). 
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6 — Acetone  is  not  a  rubber  solvent  and  is  therefore  used  in  the 
rubber  industry  for  extracting  crude  rubber  and  as  a  precipitant 
for  reclaiming  rubber." 

7 — Acetone  is  used  in  the  cleaning  industry  to  remove  paint 
and  oil  stains.-" 

8 — It  has  been  found  to  be  the  most  suitable  solvent  for  oak 
tannins.-' 

9— Acetone  is  employed  in  the  leather  industry^^  as  a  drying  or 
desiccating  agent. 

10 — The  use  of  acetone  has  been  suggested  for  removing  the 
heavy  and  high  flash  point  constituents  from  mineral  oils  of 
moderately  low  specific  gravity.  It  has  been  shown  that  oils 
thus  treated  give  much  better  service  in  automobile  cylinders.-' 

1 1 — Acetone  is  also  used  as  a  precipitating  agent  in  the  prepa- 
ration of  soluble  starch.  2' 

Experimental 

Definite  data  relative  to  the  solvent  properties  of  acetone 
for  chemical  compounds  are  not  available  to  any  great  extent 
in  the  literature.  Naumann,^^  Eidmann,-^  and  Ivrug  and 
McElroy-'  are  the  main  contributors  to  the  solubilities  of 

Table  I — Percentage  of  Matter  in  Different  Resins  Insoluble  in 

AcETONE^S 

Insoluble  in  Acetone 

Resins  Per  cent 

Brazilian 37.60 

Zanzibar 77.30 

Madagascar 64.30 

Demerara 69.20 

Columbian 43.60 

Benguela 24.80 

Angola,  red   77.70 

Angola,  white 61.00 

Congo 45.80 

Pontianac Soluble 

Kissel 49.50 

Akkra 45.80 

Cameroon 60.  50 

Sierra  Leone    40 .  30 

Guapinol  resin 57 .  10 

Courbaril  (Cayenne) 33.90 

Manila,  hard 52.00 

Manila  friable,  soft Soluble 

Kauri,  pale 8.90 

Kauri,  brown 38.70 

Kauri,  bush 20.70 

Elemi Soluble 

Rosin Soluble 

Burgundy  pitch Soluble 

Stockholm  tar Soluble 

Dammar  (Batavian) Soluble 

Mastic 9.50 

Sandarach Soluble 

Madagascar  copal,  fused 84.80 

inorganic  salts  in  acetone.  Their  results  are  only  relative 
and  in  some  cases  do  not  agree..  As  a  general  rule,  however, 
the  bromides,  iodides,  chlorides,  and  nitrates  are  soluble  to 
some  extent,  while  the  carbonates,  oxides,  fluorides,  sulfates, 
sulfites,  sulfides,  and  phosphates  are  insoluble. 

The  solubility  data  on  organic  compounds  in  acetone 
are  decidedly  less  in  number,  although  more  definite,  than 
those  reported  on  inorganic  salts,  thus  leaving  an  extended 
field  for  further  investigation.  Since  acetone  is  used  chiefly 
as  a  solvent  for  commercial  products,  such  as  gums,  resins, 
cellulose  esters,  oils,  fats,  etc.,  it  seemed  that  definite  data  on 
these  could  be  of  value.  Most  of  the  results  reported  on 
commercial  products  cover  gums  and  resins,  and  in  many 
cases  these  are  indefinite;  a  summary  of  these  data  will  be 
found  in  Table  I. 

In  the  experimental  determinations  of  the  author  on  the 

"Zilchert,   Cummi-Ztg.,  26,716;     Spence  and  Scott.   Z.   Chem.  Ind. 
KoUoide.  9  (1911),  83;   Stevens,  J.  Soc.  Chem.  Ind.,  41  (1922).  326T. 

2«  Can.  Patent  186,251   (1918) ;  Nat.  Cleaner  and  Dyer,  13  (1922),  51. 

!■  Trimble  and  Peacock,  Pharm.  J.,  63  (1893),  261,  317;  Rau,  U.  S. 
Patent  601,170  (1897). 

'-'■  Holland  Patent  2,430  (1918);    Swedish  Patent  41,794  (1917) 

'■'  Schwarz  and  Schulter,  Chem.  ZIg.,  36  (1911).  4135.  See  al: 
erhold,  J.  prakt.  Chem.,  47  (1893),  394,  for  solubility  of  rosin  and 
oils  in  acetone. 

2<  Fernbach,  Compl.  rend.,  166  (1912),  617. 

■^  Ber.,  37  (1904),  4328. 

='  Inaugural  Dissertation,  1899,  Grefsen,  Ch 

"  J.  Anal  Appl.  Chem.,  6  (1892),  184. 

'8  From  Livache  and  Mcintosh,  "Manufact 
p.  445. 


Wied- 
lineral 


Zenlr.,  2  (1S99),  1014. 
of  Varnishes,"  Vol.  3, 


solubilities  of  various  industrially  important  products  in 
acetone,  the  commercial  grade  of  acetone,  obtained  from  the 
destructive  distillation  of  calcium  acetate,  was  used.^' 

The  percentage  soluble  was  determined  in  most  cases  by 
extraction  in  hot  solvent,  using  the  Underwriters'  extraction 
apparatus.  The  samples  were  prepared  for  extraction  by 
covering  a  wire  gauze,  rolled  in  the  shape  of  a  cylinder,  with 
the  molten  sample,  or,  where  heating  changed  the  composi- 
tion of  the  product,  it  was  ground  and  that  part  extracted 
which  passed  through  a  20  but  not  a  60-mesh  sieve. 
In  some  cases  it  was  necessary  to  mix  the  ground  sample 
with  previously  extracted  sand  to  get  complete  extraction. 
Some  products,  such  as  rubber,  which  could  neither  be  ground 
nor  melted,  were  cut  into  small  pieces  and  extracted  directly. 
Tlie  percentage  soluble  was  calculated  by  the  loss  in  weight  of 
the  sample  or  by  the  gain  in  weight  of  the  flask.  The  latter 
method  was  necessary  in  some  cases,  as  with  crude  rubbers, 
where  it  was  difficult  to  remove  all  the  acetone  from  the 
extracted  sample. 

Oils,  Fats,  and  Greases — Most  of  the  commercial  and  all  the 
refined  vegetable  and  animal  oils  tested  were  miscible  in  all  pro- 
portions with  acetone  at  25°  C.  In  several  cases  the  small 
percentage  of  insoluble  material  was  due  to  some  foreign  matter. 
The  part  soluble  at  25°  C.  was  miscible  in  all  proportions.  The 
heavy  greases  and  hydrogenated  oils  were  only  partly  soluble  at 
25°  C..  but  were  miscible  in  all  proportions  at  the  boiling  point 
of  acetone. 

Solubility 
at  Boiling 

Solubility  Point  of 

Miscibility      at  25°  C.  Acetone 

Fats,  Oils,  and  Greases              at  25°  C.         Per  cent  Per  cent 

China  wood  oil M                     

Cocoanut  oil  (refined  and  bleached) .  .          M                     ....  .... 

Corn  oil  (raw) M                      .,.  .  .  

Cottonseed  oil  (refined  and  bleached).          M                     ....  .... 

Cottonseed  oil  (hydrogenated,  Crisco)          M                  100.0  M 

Cottonseed  oil  (hydrogenated) 32.0  M 

Cottonseed  oil  (stearin) M                     ....  .... 

Cottonseed  oil  (summer) M                      

Cottonseed  oil  (winter) M                      ....  .... 

Fish  oil  (herring,  raw) M                      ....  

Fish  oil  (hydrogenated) 35.8  M 

Fish  oil  (menhaden,  raw) m                      99 . 8  M 

Grease,  brown m                     96 . 4  99 . 8 

Grease,  garbage m                       99.6  99.7 

Grease,  white m                      97.3  M 

Linseed  oil,  raw M                      ....  .... 

Linseed  oil,  ozonized M                    ....  .... 

Neat's  foot  oil m                     98.7  M 

Olive  oil  (commercial) M                     ....  .... 

Olive  Elaine,  (red  oil) M                       

Palm  oil.  Legos  (commercial) m                    82. 0  99 , 8 

Palm  oil,  raw 100.0  M 

Palm  kernel  oil  (extracted,  raw) M                     

Peanut  oil  (refined  and  bleached) M                     ....  .... 

Peanut  oil  (hydrogenated) 100.0  W 

Pine  oil M                     ....  

Seal  oil  (Norwegian,  raw) M                     ....  .... 

Soy-bean  oil M                     ....  .... 

Sperm  oil M                     ....  .... 

Tallow  (prime) 89.1  M 

Whale  oil M                     

M  =  miscible  in  all  proportions. 

m  =  part  soluble  at  25°  C.  is  miscible  in  all  proportions. 

Mineral  Lubricating  Oils — Comparative  solubility  tests 
were  made  on  a  number  of  mineral  oils  by  adding  a  smaU  amount 
of  the  oil  at  a  time  to  100  cc.  of  acetone,  shaking  and  holding  at 
25°  C.  until  further  addition  caused  a  separation  of  droplets  of 
oil  after  standing  for  some  time.  The  results  of  these  tests  are 
shown  in  the  following  table: 

Cc.  of  Oil  Soluble  in  100 

Oils  Cc.  of  Acetone  at  25°  C. 

Gulf  Supreme  light  auto 13.0 

Gulf  Supreme  medium  auto 8.6 

Gulf  Supreme  heavy  auto 8.0 

Gulf  Liberty  aero 6.0 

Brownley  Liberty  aero 3.2 

High- viscosity  pale 6.0 

Vacuoline,  Extra  B 4.2 

Turbin 4.2 

Western 9.2 

It  was  noted  that,  as  the  viscosity  of  the  oil  increased,  the  solu- 
bility of  the  oU  in  acetone  decreased.  It  is  plainly  evident, 
therefore,  that  acetone  is  a  better  solvent  for  hydrocarbons  of 
low  molecular  weight,  being  miscible  in  all  proportions  with  kero- 

M  This  acetone  possessed  the  following  characteristics'  specific  gravity, 
0.797  at  15°  C;  permanganate  test,  60  min.;  acidity,  CO2,  0.0014  per  cent; 
alkalinity,  nil;   residue,  nil. 
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sene,  while  only  0.209  g.  of  paraffin  is  soluble  in  100  cc.  of  acetone 
at  25°  C" 

Asphalts  and  Bitumens — The  following  extraction  results 
were  had  on  natural  and  artificial  bitumens: 

Percentage  Soluble  at 
Asphalts  and  Bitumens  Boiling  Point  of  Acetone 

Alberite 5.8 

Asphalt,  blown  from  midcontinental  petro- 
leum    56.4 

Bermudez  pitch,  refined 62.4 

Coal-tar  pitch,  refined 70.4 

Fatty  acid  pitch,  soft  grade 62 . 4 

Fatty  acid  pitch,  medium  grade 54.3 

Gilsonite  selex 25.0 

Grahamite 1.6 

Mexican  petroleum  asphalt,  steam-distilled, 

medium  grade 44,2 

Mexican  petroleum  asphalt,  steam-distilled, 

soft  grade 64.3 

Petroleum    asphalt,     steam-distilled,     Cali- 
fornia, medium  grade 81 .0 

Residual  oil  from  Gulf  Coast 61.0 

Residual  oil  from  steam  distillation  of  mid- 
continental  petroleum  asphalt 97 . 2 

Syrian  asphalt 5.9 

Trinidad   pitch,  refined 42.0 
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Fig.  2 — Acetone  Distillation  Curve 

These  data  support  the  statement  that  the  solubility  of  bitumens 
and  asphalts  in  acetone  decreases  with  increase  of  hardness.  In 
cases  of  mineral  rubbers  or  blown  asphalts,  the  acetone-soluble 
material  decreases  with  the  time  of  blowing,  as  is  shown  by  the 
following  figures ; 

Acetone  Extract 
Time  op  Blowing  Per  cent 

Residual  oil 61.0 

After  blowing  3  hrs 40.2 

After  blowing  6  hrs 33 . 6 

After  blowing  8  hrs 25 .  1 

Essential  Oils — The  following  essential  oils  were  found  to 
be  miscible  in  all  proportions  with  acetone  at  room  temperature: 

Anise  Limes  (distilled) 

Caraway  seed  Orange  (sweetj 

Cinnamon  Pimento 

Cloves  Sassafras 

Fennel  Thyme 

Ginger  Wintergreen  (artificial) 

Resins — Of  the  three  different  grades  of  resin  tested,  the  WW 
grade  was  entirely  soluble  in  all  proportions.     The  other  two 

'»  Pawleuslci  and  Filemonowicz,  Ber.,  21  (1SS3),  2973. 


grades  contained  a  very  small  amount  of  foreign  matter  insoluble 
in  acetone.  The  part  soluble,  however,  was  miscible  in  all  pro- 
portions. The  lower  melting  point  coumarone  resin  tested  was 
entirely  soluble  and  miscible  in  all  proportions  with  acetone. 
The  higher  melting  point  resin  contained  a  small  percentage  of 
insoluble  material,  which  was  soluble  in  concentrate  solution  but 
separated  out  on  dilution. 

Solubility  at 
Resins  Room  Temperature 

Rosin;  WW  grade M 

M  grade m 

E  grade m 

Synthetic  resins 

Coumarone:  m.  p.    85°  C M 

m.  p.  11.5°  C M, 

M  =  miscible  in  all  proportions. 

Ml  =  miscible  in  concentrated  solution  with  part  separating  on  dilution. 

m  =  part  soluble  is  miscible  in  all  proportions  at  room  temperatures. 

CopAL  Resins — A  number  of  copal  resins  were  extracted  with 
acetone  and  the  majority  contained  a  large  percentage  of  ace- 
tone-soluble matter.  In  some  cases  the  part  soluble  was  miscible 
in  all  proportions,  while  in  others  it  was  miscible  only  in  con- 
centrated solutions,  a  part  separating  out  on  dilution.  The  re- 
sults follow: 

Percentage  Soluble 

at  Boiling  Point  of  SoIubiUty  of  Part 

Copal  Resins  Acetone  Soluble  at  25°  C. 

Congo 40.8  M" 

Manila,  soft 96.6  M 

Elemi 100.0-  M 

Yacca 96.6  M 

Sandarac 97.0  Mi 

Sierra  Leone     55.5  Mi 

Borneo  Pontianac    93.5  Mi 

Batavia  Dammar SS .  7  Mi 

Red,  accrodites 95.2  M 

M   =  miscible  in  all  proportions. 

Ml  =  miscible  in  concentrated  solutions  with  separation  on  dilution. 

Water  Gums — The  solubility  of  water  gums  in  acetone  by 
extraction  is  not  very  great  and  the  part  soluble  does  not  form  a 
true  solution.  Moreover,  its  solubility  at  room  temperature  is 
not  great.     The  following  are  the  results  of  extraction  tests: 

Percentage  Soluble 

at  Boiling    Point    of 

Gums                     ^  Acetone 

Arabic  gum H  .  9 

Indian  gum 16.7 

Senegal  gum 12.0 

Tragacanth,  Allepa 9.2 

Trigacanth,  Persian 8.0 

Tragacanth,  Turkey 7.2 

Shellacs — Acetone  is  a  solvent  for  shellacs,  but  does  not  form 
a  true  solution  with  them.  The  author  found  that  the  best 
grades  of  shellacs  contained  the  most  acetone-soluble  material, 
and  that  the  solubility  per  given  volume  of  acetone  was  increased 
by  the  addition  of  methanol.     The  results  obtained  follow: 

Percentage  Soluble 

at  Boihng   Point  of 

Shellac  Acetone 

Superfine   Orange   shellac 98 . 8 

Superfine  shellac 92.8 

T.  N.  Shellac  No.  1 95.6 

T.  N.  Shellac  No.  2 98.8 

A.  C.  Garnet 81.3 

Refus  Lac 63 . 0 

Waxes — The  solubility  of  a  number  of  waxes  in  acetone  at 
its  boiling  point  showed  that  the  percentage  of  soluble  material 
decreased  with  increase  in  hardness.  The  softer  waxes,  as 
Bayberry,  beeswax,  and  Japan  wax,  are  entirely  soluble,  while  the 
harder  waxes,  such  as  Carnauba  and  shellac  wax,  are  only  partly 
soluble.     Their  solubility  at  room  temperature  is  not  very  great. 

Percentage  Soluble 
at    Boihng    Point    of 

Waxes  Acetone 

Bayberry  wax 100. 0 

Beeswax,  African 93.9 

Beeswax,  Cuban 99.2 

Candelilla  wax 99.8 

Carnauba  wax.  Flora 35.8 

Carnauba  wax,  Ceara 48 . 8 

Japan  wax 100.0 

Montan  wax 62 . 5 

Ozokerite,  black 69.0 

Shellac  wax 58.8 

Cellulose  Acetate  and  Nitrate — Numerous  patents  have 
been  granted  in  the  United  States  and  in  foreign  countries  for 
the  use  of  acetone  as  a  cellulose  acetate  solvent,  both  alone  and 
in  mixtures  with  camphor,  acetylene  tetrachloride,  pentachlor- 
ethane,  chlorinated  stearic  acid,  dichloractone,  benzyldihydro- 
carvone,     naphthyl-magnesium     halogen     compounds,     acetyl 
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acetone  and  ethylidene  as  solvents  and  plastifiers.  The  author 
found  but  a  small  percentage  of  the  cellulose  acetate  tested  in- 
soluble in  acetone,  the  soluble  part  being  miscible  in  all  propor- 
tions. The  same  observation  applies  to  the  various  grades  of 
cellulose  nitrate  tested. 

Rubbers — A  number  of  rubbers  were  extracted  with  acetone 
and  the  percentage  of  acetone-soluble  material  found  in  the  va- 
ious  samples  follow. 

These  figures  confirm  the  statement  that  acetone  is  not  a  rub- 
ber solvent,  but  dissolves  only  the  rubber  resins  and  oils  which 
are  found  in  the  better  grades  of  rubbers  in  amounts  less  than 
5  per  cent. 


Crude  Rubbers 

Balata,  Surian  sheet 

Balata,  Venezuela  block 

Benguellas 

Caucha  BaU 

Caucha,  Central 

Crepe,  brown 

Crepe,  first  latex 

Gutta-percha 

Guayale 

Pontianac 

Smoked  sheet,  primed  ribbed. 

Upriver  Fine 

Upper  Congo,  red 


Percentage  Soluble 
at   Boiling   Point  of 
Acetone 


2.8 

2.8 

2.9 

25.0 

21.0 

95.8 

3.15 

1.25 


Reactions  of  Accelerators  during  Vulcanization' 

V^ — Dithiocarbainate.s,  Thiurani  Disulfides,  and  the  Action  of  Hydrogen  Sulfide 

By  C.  W.  Bedford  and  Harold  Gray 
The  B.  F.  Goodrich  Co.,  Akron.  Ohio 


Vulcanization  haj  been  the  subject  of  careful  study  by  the  authors 
of  the  present  and  previous  papers  on  the  subject.  The  present 
discussion  is  devoted  to  dithiocarbamates.  thiuram  disulfides,  and 
hydrogen  sulfide,  and  their  reactions  during  vulcanization.  The 
conclusions  reached  are: 

Hydrogen  sulfide  is  formed  during  vulcanization  by  the  action 
of  sulfur  on  some  constituent  of  the  rubber  other  than  the  hydro- 
carbon, and  the  reaction  is  accelerated  by  heat.  It  decomposes 
metallic  dithiocarbamates,  and  thus  retards  or  stops  curing.  The 
metallic  dithiocarbamates  may  be  regenerated  by  the  action  of  metallic 
oxides  on  free  dithiocarbamic  acid  at  ordinary  temperature.  Metal- 
lic oxides  react  with  hydrogen  sulfide  to  form  sulfides  and  sulf- 
hydrates,  thus  protecting  dithiocarbamates  from  decomposition. 
The  shifting  of  dithiocarbamic  acid  from  one  metal  to  another  is 
due  to  the  intervening  action  of  hydrogen  sulfide.  Hydrogen  sulfide, 
in  the  presence  of  metallic  oxides,  changes  thiuram  disulfides  into 
metallic  dithiocarbamates.  Metallic  sulhydrates  react  with  phenyl 
mustard  oil  and  tetramethylthiuram  disulfide  to  form  metallic 
dithiocarbamates. 


In  general,  the  use  of  a  metallic  dithiocarbamate  with  the  oxide 
of  another  metal  gives  results  comparable  with  the  use  of  the  dithio- 
carbamate of  the  metal  of  the  oxide.  Lead  dithiocarbamates  are 
exceptions.  Lead  dithiocarbamates,  if  "protected"  by  zinc  oxide, 
will  accelerate  vulcanization  without  decomposition  to  lead  sulfide. 
Lead  dithiocarbamates  act  only  at  relatively  high  temperatures. 
Zinc  dithiocarbamates  function  at  both  high  and  low  temperatures. 
They  are  activated  by  amines  but  retarded  by  hydrogen  sulfide. 
.Magnesium  and  calcium  dithiocarbamates  air-cure  more  rapidly 
than  the  zinc  salts,  but  are  less  active  at  higher  temperatures.  Am- 
monia gas  and  other  amines  form  addition  products  with  zinc  dithio- 
carbamates and  accelerate  curing.  Ammonia  gas  changes  thiuram 
disulfides  to  dithiocarbamates  and  thioureas,  accelerating  air-curing 
in  the  presence  of  zinc  oxide. 

No  evidence  has  yet  been  presented  contrary  to  the  theory  that 
metallic  dithiocarbamates  are  true  accelerators,  activating  sulfur 
by  the  formation  of  polysulfides  whose  "super  sulfur"  is  capable 
of  vulcanizing  at  a  low  temperature. 


Htdrogex  Sulfide  in  Vulcanization 

TERRY^  considered  the  vulcanization  of  rubber  as  the 
substitution  of  sulfur  for  hydrogen,  but  gave  no  e'vddence 
of  the  formation  of  hydrogen  sulfide,  which  he  postu- 
lated .  Weber^  states  that  not  a  trace  of  sulf  uretted  hydrogen, 
still  less  hydrogen,  is  given  off.  Schidrowitz*  says  that  "the 
process  of  Milcanization  is  not  accompanied  by  the  evolution 
of  any  appreciable  quantity  of  sulfuretted  hydrogen."  Later, 
Weber  modified  his  original  statement^  as  follows: 

There  is  scarcely  ever  a  trace  of  this  gas  to  be  discovered  in  the 
rubber  works  atmosphere*  *  *.  In  the  vulcanization  of  hard 
rubber  goods  faint  but  distinct  traces  of  sulfuretted  hydrogen 
are  generally,  perhaps  always,  obser\-able,  but  they  could  not 
be  ascribed  to  the  \-ulcanization  process  proper.  Technically  pure 
Para  rubber  under  conditions  absolutely  precluding  the  escape 
of  any  gaseous  product — minute  traces  of  hydrogen  sulfide  may 
sometimes  be  obser%'ed  *  *  *  with  highly  purified  Para  rubber  no 
hydrogen  sulfide  at  all  could  be  detected.  If  *  *  *  this  "insoluble" 
part  of  India  rubber  is  mixed  with  sulfur,  and  this  mixture  sub- 
jected to  vulcanization  temperatures,  say  about  135°  C,  a  con- 
siderable evolution  of  hydrogen  sulfide  takes  place  *  *  *  certainly 


1  Presented  before  the  Division  of  Rubber  Chemistry  at  the  64th 
Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September 
4  to  8,  1922. 

2  J.  Soc.  Chem.  Ind.,  H  (1892),  970. 

3  Ibid.,  13  (1894),  1. 

•  Thorpe's  Dictionary  of  Applied  Chemistry,  4  (1913).  585. 
»'  The  Chemistry  of  Rubber,"  1909,  p.  S7. 


it  proceeds  much  slower  than  the  vulcanization  process.  The 
insoluble  constitutent  of  India  rubber  combines  with  sulfur  under 
vulcanizing  conditions  at  a  very  slow  rate,  with  evolution  of 
hydrogen  sulfide. 

The  admirable  work  of  these  investigators  was  directed 
toward  the  question  of  substitution  or  addition  of  sulfur 
with  rubber.  There  is  no  cause  for  questioning  their  con- 
clusions in  this  respect.  Their  statements,  however,  have 
been  the  cause  of  a  general  impression  to  the  effect  that 
hydrogen  sulfide  is  not  formed  in  rubber  stocks  during  hot 
vulcanization,  and  most  certainlj'  not  at  ordinary  tem- 
peratures. This  viewpoint  should  be  corrected  since  the 
question  of  hj-drogen  sulfide  is  of  vital  importance  in  the 
study  of  the  mechanism  of  the  action  of  accelerators.  A 
few  obser\-ations  are  therefore  recorded  which  are  easily 
reproducible  and  which  throw  new  light  on  the  question. 

The  acetone  extract  of  pale  crepe  was  placed  in  a  test  tube 
with  sulfur,  under  a  piece  of  lead  acetate  paper  held  by  the 
stopper.  The  paper  blackened  in  from  5  to  8  days  at  room 
temperature  or  in  30  to  45  min.  in  a  benzene  bath  at  80°  C. 

A  mixture  of  100  parts  rubber  and  10  parts  sulfur  was  milled 
and  portions  placed  in  a  closed  desiccator  under  lead  acetate 
paper.  The  paper  darkened  in  from  2  to  4  w^ks.  at  room 
temperature  and  became  black  in  2  to  3  mo.  The  same 
mix  placed  under  test  paper  in  the  bottom  of  a  beaker  showed 
the  black  color  in  2  lirs.  on  the  steam  bath  or  in  less  than  1 
hr.  iu  an  oven  at  115°  C.     Test  papers  scattered  around  the 
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room  proved  the  atmospliere  to  be  free  from  hydrogen  sulfide. 
These  tests  were  checked  several  times  with  both  pale  crepe 
and  smoked  sheet. 

A  cement  containing  only  rubber,  sulfur,  Utharge,  and 
solvent  will  blacken  on  standing  at  room  temperature. 

A  mixture  of  rubber  and  sulfur  slowly  evolves  hydrogen 
sulfide  at  ordinary  temperatures,  the  rate  of  formation  of 
the  gas  increasing  with  rise  of  temperature. 

DiTHIOCAEBAMATES 

Twiss,  Brazier,  and  Thomas^  describe  zinc  dithiocar- 
bamates  as  being  almost  inactive  except  in  the  presence  of 
zinc  oxide.  The  foregoing  observations  on  hydrogen  sulfide 
furnish  the  ex])lanation  of  this  phenomenon.  Hydrogen 
sulfide  precipitates  zinc  sulfide  from  solutions  of  zinc  dithio- 
carbamates,  and  thereby  decomposes  the  accelerator.  This 
action  is  the  same  as  that  of  hydrogen  sulfide  on  zinc  acetate 
or  zinc  salts  of  inorganic  acids. 

R.N-C  =  S  2R,N-C-SH 

!  i; 

s  s 

\ 

Zn  +  US >         +      - — >■  R-.N-C-S-NH:R2  + 


/ 


R,N-C=S 


ZnS 


CSo  +  ZnS 


(1) 


If  zinc  ditliiocarbamates  activate  sulfur  for  reaction  with 
rubber,  it  may  be  assumed  that  they  also  activate  sulfur 
for  reaction  with  rubber  resins  or  proteins  whereby  the 
formation  of  hydrogen  sulfide  would  also  be  accelerated. 
This  hydrogen  sulfide  then  decomposes  the  zinc  dithiocar- 
bamate  and  further  air-curing  of  the  rubber  mix  will  cease. 
As  a  check  on  this  assumption  it  has  been  found  that  air- 
curing  is  prevented  and  heat  cures  are  greatly  retarded  if 
stocks  containing  zinc  dithiocarbamates  are  placed  in  an 
atmosphere  of  hydrogen  sulfide  for  a  few  hours.  The  use  of 
from  5  to  10  per  cent  of  zinc  ditliiocarbamate  was  then  in- 
vestigated for  the  purpose  of  over-riding  the  elfect  of  hydro- 
gen sulfide.  Such  a  stock,  containing  no  zinc  oxide,  proceeds 
to  air-cure  the  same  as  if  zinc  oxide  and  a  lower  amount  of 
accelerator  were  used. 


Table  I 


Rubber— 100,  ; 

OXIDB 

1  None 

2  ZnO 

3  PbO 

4  MgO 

5  CaCOH)j 


ulfur— ; 
Press  » 
Press  Cure     Air  Cure 

None,  26  days 
None,  26  days 
None,  26  days 
OK,   13  days 
OK,   13  days 


i.O,  . 


OK 
OK 
Under 
Under 


Air  Curb  after  NHj 
OK,    11  days 
OK,   11  days 
None,  26  days 
OK,    11  days 
OK,   11  days 


Table  II 


Same  as  Table  I  using  Zn(S.  CS.  N.  CiHiojj- 
^Press,  286°  F.— ~ 
Oxide  Min.  Cure 

None  15  Under 

ZnO  5  OK 

PbO  10  OK 

MgO  15  OK 

Ca(OH)j  15  OK 


Air  Cure 
None,  38  days 
OK,  38  days 
None,  38  days 
OK,   15  days 
OK,   15  days 


In  high-temperature  cures  without  zinc  oxide  an  incre- 
ment of  curing  power  is  obtained  from  zinc  dithiocarbamates 
prior  to  their  decomposition  by  hydrogen  sulfide.  Later, 
the  acceleration  is  produced  by  the  combined  action  of  the 
decomposition  products  which  consist  of  amine  and  carbon 
disulfide.  The  cure  therefore  proceeds  the  same  as  if  the 
amine  salt  of  the  dithiocarbamic  acid  had  originally  been 
compounded  as  such,  with  the  exception  that  more  carbon 
disulfide  is  now  present. 

'  J.  Soc.  Chem.  Ind.,  41  (1922),  81/. 


Function  of  Zinc  Oxide 

After  hydrogen  sulfide  has  decomposed  the  zinc  dithio- 
carbamate  and  liberated  the  amine  and  carbon  disulfide 
(free  ditliiocarbamic  acid),  the  action  of  zinc  oxide  comes 
into  play  and  reforms  the  zinc  dithiocarbamate,  as  shown 
by  the  following  experiments: 

If  the  amine  salt  of  a  dithiocarbamic  acid  is  mixed  with 
zinc  oxide  and  suflScient  solvent  to  moderate  the  otherwise 
violent  react'on,  the  zinc  salt  is  at  once  formed. 


2R2N  -  C  - S - NH=R,  +  ZnO- 


Zn  -I-  2R2NH  -1-  H.O  (2) 


If  one  mol  of  carbon  disulfide  is  added  to  one  mol  of  the 
amine  salt,  with  a  further  excess  of  carbon  disulfide  to  mod- 
erate the  violent  reaction,  the  addition  of  zinc  oxide  gives 
a  quantitative  yield  of  the  zinc  salt  with  no  other  reaction 
product  except  water. 

R.N— C— S— NHjRo  +  CSj  +  ZnO Zn(S-CS-NR.)..  +  H.O 

II  ""  " 

S  (3) 

A  literature  search  has  failed  to  locate  any  jniblished 
description  of  these  two  reactions.  Primary  aromatic 
amines  such  as  aniline,  toluidine,  and  many  others  have 
been  found  to  give  violent  reactions  on  mixing  with  zinc 
oxide  and  then  adding  carbon  disulfide.  If  the  temper- 
ature is  controlled  the  reaction  product  will  air-cure  rubber 
cements,  while  if  the  reaction  mixture  is  allowed  to  heat  up, 
the  odor  of  mustard  oils  is  very  strong  and  the  low-temper- 
ature curing  power  is  lost.  Neither  the  cold  nor  the  hot 
reaction  product  shows  high  curing  power  in  heat  cures. 

By  the  use  of  secondary  amines  such  as  piperidine  or  di- 
methylamine,  there  is  no  possibility  of  a  decomposition  to 
mustard  oils,  and  quantitative  yields  of  the  zinc  dithio- 
carbamates may  be  obtained  when  working  with  pure 
materials.  Dimethylamine  dimethyldithiocarbamate  when 
pure  is  water-soluble.  On  standing  it  slowly  develops  an 
increasing  water-insoluble  content  with  loss  of  dimethyl- 
amine. One  sample  went  to  40  per  cent  water-insoluble  in 
4  mo.  This  insoluble  portion  seems  to  be  tetramethyl- 
thiuram  disulfide.  For  a  study  of  the  reactions  shown  in 
Equations  2  and  3,  it  is  therefore  necessary  to  use  freshly 
prepared  amine  salts.  When  this  precaution  is  taken,  one 
mol  of  dimethylamine  dimethyldithiocarbamate  will  react 
with  zinc  oxide  and  carbon  disulfide  to  give  a  product  whose 
air-dry  weight  shows  the  fixing  of  an  additional  mol  of 
carbon  disulfide,  and  corresponds  to  one  mol  of  the  zinc  salt. 
An  ash  analysis  of  the  product  gives  a  zinc  oxide  residue 
which  corresponds  very  closely  to  the  formula  for  the  zinc 
salt. 

The  need  of  zinc  oxide  to  bring  out  the  full  curing  power 
of  zinc  dithiocarbamates  is  for  the  purpose  of  maintaining  a 
given  concentration  of  the  accelerator  in  the  rubber  mix. 
Hydrogen  sulfide  is  continually  destroying  the  accelerator 
and  zinc  oxide  is  continually  reforming  the  same. 

Substitutes  for  Zinc  Oxide 

The  reaction  of  tetramethylthiuram  disulfide  with  hydro- 
gen sulfide  to  form  dithiocarbamic  acid  has  been  previously 
described.'  If  this  reaction  proceeds  as  easily  as  is  claimed, 
the  tliiuram  disulfide  should  tend  to  remove  hydrogen  sulfide 

I  Bedford  and  SebreU.  This  Journal,  14  (1922),  2.5. 
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from  a  rubber  stock  and  thereby  prevent  the  decomposition 
of  zinc  dithiocarbamates,  whereby  it  might  be  considered 
as  a  substitute  for  zinc  oxide.  The  following  stocks  were 
prepared : 

ABC 
Rubber  100  100  100 

Sulfur  5  5  5 

Zinc  salt  0.25  0.12 

Thiuram  0.5  0.25 

The  tliird  mix,  C,  was  made  by  mixing  the  proper  pro- 
portions of  Stocks  A  and  B.  These  three  mixes  were  cured 
for  45  min.  at  185°  F.  in  an  electric  oven  (open  heat).  A 
was  barely  set  or  badly  undercured;  B  gave  no  cure;  C  gave 
a  snappy  overcure. 

Tetramethylthiuram  disulfide  not  only  protects  zinc 
dunethyldithiocarbamate  from  decomposition  by  hydrogen 
sulfide,  thereby  acting  as  a  substitute  for  zinc  oxide,  but 
gives  the  additional  effect  of  free  amine  on  the  zinc  salt, 
as  will  be  described  subsequently. 


Same  a: 

Oxide 
None 
ZnO 
PbO 
MgO 
Ca(OH)j 


Table  III 
Table  I  using  Pb(S.  CS.  NCiHio)j— 0.53 
—Press,  286f  F.— - 

Air  Cure 


10 


Cure 
Under 
OK 
OK 
OK 
OK 


None,  38  days 
None,  38  days 
None,  38  days 
None,  38  days 
None,  38  days 


Table  Ilia 

iing  Pb(S.CS.NCsHi(i)j- 
Es—   C  "  _     '' 

Oxide       Min.      °F.       Cure       Min.       Cur' 

None  IS       286     Under        110  Non( 

ZnO  13       260       OK  50  Over 

PbO  15       260       OK  50  Over 

MgO  13       286       OK  50  Undi 

CaCOH)j        15       286       OK  50  Und. 

Table  IV 
Same  as  Table  I  using  Pb[S.  CS.  N(CH3)  = 
Press  Cure 
O.xiDE  15  min.   286°  F. 

1  None  None  ) 

2  ZnO  OK  l-Nc 

3  PbO  Fair 

4  MgO  Under 
3                  Ca(OH)a                  Under 


Air  Cure 
None,  38  days 
None,  38  days 
None,  38  days 
None,  38  days 
None,  38  days 


j  Under,  13  days 


It  has  also  been  found  that  several  zinc  salts  of  weak 
organic  acids  may  be  substituted  for  zinc  o.xide.  To  a  stand- 
ard mix  consisting  of  100  parts  rubber,  4  parts  sulfur,  and 
0.5  parts  zinc  dimethylditliiocarbamate,  the  follo'n-ing  zinc 
salts  were  added:  (a)  none  (control);  {b)  zinc  oxide,  3  parts; 
(c)  zLqc  stearate,  20  parts;  (d)  zinc  resinate,  20  parts;  (e) 
zinc  oxalate,  10  parts;  and  (/)  zinc  dust  (contains  ZnO), 
20  parts.  These  six  mixes  were  cured  simultaneously  in 
an  electric  oven  for  30  min.  at  215°  F.,  with  results  as  foUows: 
(a)  no  cure,  (6)  and  (c)  snappy  overcure,  (d)  and  (e)  fair 
cure,  and  (/)  snappy  overcure. 

Further  experiments  show  that  zinc  soaps  will  react  with 
dimethylamine  dimethyldithiocarbamate  in  carbon  disulfide 
to  form  the  zinc  dithiocarbamates  and  free  fatty  acid.  Zinc 
salts  of  weak  acids,  therefore,  act  in  the  same  manner  as 
zinc  oxide  and  remove  hydrogen  sulfide  or  reform  zinc  dithio- 
carbamates after  they  have  been  decomposed  by  hydrogen 
sulfide.  The  oxygen  of  zinc  oxide  is  nonessential;  it  is  the 
zinc  radical  which  is  effective. 

True  Accelerators 

Further  e\ddence  that  the  metalhc  dithiocarbamates  are 
true  accelerators  is  found  in  the  action  of  lead  ditliiocar- 
bamates.  Zinc  oxide,  when  used  mth  this  accelerator, 
apparently  reacts  with  hydrogen  sulfide  direct,  thereby  pro- 
tecting the  lead  salt  from  decomposition.  A  mix  consisting 
of:  rubber,  100;  sulfur,  5;  zinc  oxide,  10;  and  lead  dimethyl- 
dithiocarbamate 0.5  will  cure  in  45  min.  at  185°  F.  without 
turning  black.  In  the  absence  of  zinc  oxide,  lead  sulfide  is 
formed  and  no  cure  results. 


If  dry  hydrogen  sulfide  is  passed  over  zinc  oxide  at  room 
temperature,  the  oxide  becomes  hot,  water  is  liberated, 
and  zinc  sulfide  is  formed.  A  quantitative  yield  of  zinc  sul- 
fide is  not  obtained  by  this  reaction  of  powder  with  gas  which 
seems  to  show  only  a  superficial  action  of  hydrogen  sulfide 
on  the  zinc  oxide  crystals.  The  action  of  hydrogen  sulfide 
on  Utharge  and  calcium  hydroxide  at  ordinary  temperatures 
is  well  known.  With  zinc  oxide  it  was  beUeved  that  further 
laboratory  tests  were  necessary  to  show  its  rapid  reaction 
with  hydrogen  sulfide.  Hydrogen  sulfide  also  reacts  rapidly 
with  zinc  oxalate  and  zinc  soaps. 
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Zinc  compounds,  therefore,  may  act  as  secondary  accel- 
erators to  metallic  dithiocarbamates  in  two  different  ways. 

(1)  They  may  react  with  hydrogen  sulfide  and  thereby  pro- 
tect the  primary  accelerator  from  decomposition. 

(2)  They  may  reform  the  accelerator  after  it  has  once  been 
decomposed.     The  ultimate  effect  by  either  method  is  the  same. 

Time  Factor  and  Mass  Action 

The  theory  of  decomposition  of  a  zinc  dithiocarbamate 
by  hydrogen  sulfide  and  its  re-formation  bj'  reaction  with 
zinc  oxide  requires  the  migration  of  the  free  amine  and  carbon 
disulfide  (dithiocarbamic  acid)  from  the  place  in  the  rubber 
mix  where  the  zinc  salt  was  decomposed  to  the  location  of 
a  particle  of  zinc  oxide.  Zinc  oxide,  as  such,  is  not  in  solu- 
tion in  rubber,  and  therefore  cannot  migrate  by  diffusion. 
The  free  dithiocarbamic  acid  must  therefore  diffuse  to  the 
zinc  oxide  particle.  With  large  amounts  of  zinc  o.xide  dis- 
tributed through  a  rubber  stock,  its  action  may  be  chiefly 
the  removal  of  hydrogen  sulfide.  With  high  amounts  of 
accelerator  and  high  zinc  oxide,  the  decomposed  accelerator 
■will  find  plenty  of  fresh  zinc  oxide  in  its  immediate  vicinity 
and  the  zinc  salt  will  reform  at  once.  Low  accelerator  and 
low  zinc  oxide,  however,  present  an  entirely  different  set  of 
conditions.  In  such  a  stock  the  condition  might  easily 
arise  where  a  large  portion  of  or  all  the  zinc  dithiocarbamate 
had  been  decomposed  and  had  not  j'et  migrated  to  the  loca- 
tion of  unreacted  zinc  oxide.  Such  a  stock  would  tend  to 
show  a  flat  curing  curve,  and  yet  after  removal  from  the  press 
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might  proceed  to  air-cure  further  on  standing  where  time 
would  allow  migration  and  re-formation  of  the  zinc  salt. 

Many  instances  of  this  phenomenon  have  been  found,  as 
illustrated  by  cures  on  a  stock  containing:  rubber,  100; 
zinc  oxide,  5;  sulfur,  2;  and  zinc  dimetbyldithiocarbamate, 
0.2.  The  original  tensOes  are  shown  by  the  lower  curve  in 
Fig.  1.  The  same  sheets  from  which  the  tensile  pieces  were 
cut  were  placed  in  a  dark  cabinet  and  stored  for  75  days 
at  room  temperature.  They  were  then  retested,  with  the 
results  shown  in  the  upper  curve.  The  question  of  equi- 
librium is,  therefore,  an  important  one  in  the  study  of  the 
action  of  accelerators,  and  where  mass  action  is  low  the  time 
factor  seems  to  dominate. 

Thiuram  Disulfide 

The  action  of  hydrogen  sulfide  on  tetramethylthiuram 
disulfide'  forms  free  dithiocarbamic  acid,  which  then  reacts 
with  zinc  compounds  to  form  zinc  ditliiocarbamates. 

R2N-C  =  S 

I 
S 

S 

I 

R2N-C=S 
R2N-C  =  S 


+  HoS 


2R2N-C-SH  +  S 

II 
S 


(4) 


R2N 


I 
S 

I        +  HoS  +  ZnO 
S 

I 

-c=s 


R2N-C  =  S 

I 

s>" 

I 

R2N-C  =  S 


+  H,0  +  S    (5) 


This  reaction  in  rubber  has  been  studied  in  the  light  of  recent 
developments.  The  liberation  of  sulfur  according  to  Equa- 
tion 4  has  not  vulcanized  rubber  cements.  In  a  zinc  oxide- 
rubber-sulfur  cement  or  dry  stock  a  small  amount  of  hydrogen 
sulfide  will  cause  air-curing  with  tetramethylthiuram  di- 
sulfide. A  large  excess  of  hydrogen  sulfide  decomposes 
the  zinc  ditliiocarbamates  which  are  formed,  reacts  with  the 
available  zinc  oxide,  and  prevents  air  cures.  Organic  soft- 
eners, such  as  pitches,  oils,  resins,  etc.,  often  show  a  retarding 
action.  This  is  attributed  to  the  increase  of  hydrogen  sulfide 
resulting  from  their  reaction  with  sulfur. 


Table  V 

Same  as  Table  I 

'—Press     i 

Oxide        Min.     °  F. 

using  MgCS.CS.NCsHio)!— 0.5 
CuRE^  Oven  Cures.  185°  F. 

Cure       Min.         Cure           Air  Cure 

None              15       286 
ZnO                  8       240 
PbO                15       260 
MgO               15       286 
Ca(OH)i        15       260 

Under        110       Under         None,  38  days 
OK             20       OK              Under,  5  days 
Fair            50       Fair            None.  38  days 
OK              50        Under         None.  38  days 
OK             50       Under        Under,  12  days 

Table    VI 

Same  as  Table  I 
Oxide          Min. 

using  Ca(S.CS.NCsHio)i— 0.5 

■Press  Cure Oven  Cures,  185°  F. 

"  F.            Cure           Min.         Cure 

None                   15 
ZnO                       8 
PbO                     15 
MgO                   15 
Ca(OH)!            15 

286         Under             110         Under 
240            OK                  20         OK 
260            OK                   50          OK 
286            OK                110         Under 
260            OK                110         Under 

Table  VII 

Same  as  Table  I  usi 
Oxide          Min. 

ng  (CH,),NHi.S.CS.N(CH3)2— 0.33 

-Press  Cure ■ 

°  F.            Cure                  Air  Cure 

None                   15 
ZnO                     15 
PbO                    15 
MgO                   15 
Ca(OH)2            15 

286              Under               None,    75  days 
230             OK                    OK,   13  days 
286            OK                  None,  13  days 
286            Under             OK,  13  days 
286            Under             OK,  13  days- 

Litharge  reacts  so  readily  with  hydrogen  sulfide  to  form 
lead  sulfide  that  it  might  be  expected  to  prevent  the  action 
of  this  gas  on  thiuram  disulfides  and  thereby  retard  the  action 


of  such  accelerators.  A  laboratory  study  of  these  reactions 
shows  that  this  is  not  the  case. 

Hydrogen  sulfide,  when  passed  into  a  rubber-sulfur  cement 
containing  litharge,  produces  at  once  black  lead  sulfide. 
If  the  cement  is  chilled,  the  red  color  of  the  lead  suKliydrate 
is  first  developed,  changing  shortly  to  black.  On  the  addi- 
tion of  tetramethylthiuram  disulfide  to  the  cement,  the 
action  of  hydrogen  sulfide  first  shows  the  red  sulfhydrate 
color  which,  instead  of  turning  black,  changes  to  white  or 
gray,  and  no  lead  sulfide  is  formed  until  either  the  litharge 
or  the  thiuram  is  nearly  all  reacted  upon.  A  rapid  stream 
of  gas  will  give  black  sulfides  at  once,  but  a  slow  stream 
with  stirring  gives  the  re.sults  described.  Lead  dimethyl- 
dithiocarbamate  is  formed. 

The  same  action  is  found  with  phenyl  mustard  oil  and  lith- 
arge on  passing  in  hydrogen  sulfide.  The  lead  salt  of  phenyl 
dithiocarbamic  acid  is  formed.  The  low  curing  power 
of  phenyl  mustard  oil  as  found  by  Twiss'  is  therefore  probably 
due  to  the  formation  of  a  small  amount  of  the  zinc  salt  of 
phenyl  dithiocarbamic  acid.  Brum's  reaction'  of  phenyl 
mustard  oil  with  sulfur  to  form  mercapto  benzothiazol  does 
not  take  place  as  easily  at  the  temperature  of  138°  C,  used 
by  Twiss,  as  the  reaction  of  sulfur  on  rubber  resins  (or  pro- 
teins) to  produce  hydrogen  sulfide. 

The  presence  of  metallic  oxides  aids,  rather  than  prevents, 
the  formation  of  dithiocarbamates  by  the  action  of  hydrogen 
sulfide  on  tetramethylthiuram  disulfide. 

Action  of  Ammonia  and  Amines 

Fromm'°  shows  that  ammonia,  aniline,  and  other  amines 
easily  react  with  disulfides  which  have  a  double  bond  adja- 
cent to  the  ^C  —  S—S  —  C^  group,  such  as  tetramethyl- 
thiuram disulfide,  according  to  the  following  equation: 

RnN-C  =  S 


+2NH3 


RoN-C-S-NHi 

II 
S 

R.N-C-NHo 

II 
S 


+  S  (6) 


I 
R2N-C=S 

CadwelP"  uses  aniline  with  tliiuram  disulfides,  dithiobenzoyl 
disulfide,  metallic  xanthogenates,  etc.,  to  induce  rapid  air 
cures  in  the  presence  of  zinc  o.xide.  In  Tables  IX  and  X 
it  is  shown  that  ammonia  has  the  same  effect  on  the  cure, 
by  reaction  with  tliiuram  disulfides  to  produce  dithiocar- 
bamic acids,  which  in  turn  form  zinc  salts  by  reacting  with 
zinc  oxide. 

The  action  of  ammonia  on  thiuram  disulfides  does  not  stop 
with  the  formation  of  the  zinc  dithiocarbamates.  Bedford 
and  SebrelF  noted  the  accelerating  action  of  anihne  on  zinc 
dithiocarbamates,  but  were  somewhat  in  doubt  as  to  whether 
the  rapid  air-curmg  was  due  to  other  than  the  solvent  action 
of  aniline  for  the  zinc  salt.  Ammonia  has  the  same  effect 
as  aniline.  A  zinc  ditliiocarbamate  of  a  secondary  amine 
air-cures  far  more  rapidly  after  the  dry  stock  has  been  kept 
over  night  in  an  atmosphere  of  dry  ammonia  gas.  The  stock 
is  then  exposed  to  air  and  kept  at  room  temperature.  The 
effect  of  ammonia  cannot  be  due  to  solvent  action.  It  is 
evidently  connected  with  the  formation  of  an  additive  re- 
action product  with  the  zinc  dith'iocarbamate. 

Dry  ammonia  gas  was  passed  upward  through  a  cylinder 
containing  one  mol  (305  g.)  of  zinc  dimethyl  dithiocarbamate. 
An  exothermic  reaction  took  place.  The  cyhnder  was  allowed 
to  cool  before  the  flow  of  gas  was  interrupted,  and  the  contents 
were  then  spread  out  in  air  to  remove  all  odor  of  ammonia. 

s  J.  Soc.  Chem.  Ind.,  40  (1921),  242(. 

*  Giorn.  Mm.  ind.  applicala,  3  (1021),  351;  C.  A.,  16  (1921),  3915. 
i»  .Ann.,  34S   (1906),   144. 
"  Brit,  Patent  Application  174,915  (1922). 
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The  weight  increase  was  17  g.  or  the  equivalent  of  1  mol  of 
ammonia.     The  formula  of  the  new  compound  probably  is 

"(CH3)2N-C-S' 

Zn.NHs 

2 

Lead  dithiocarbamates  do  not  give  addition  products  with 
ammonia,  nor  does  ammonia  cause  them  to  air-cure. 

Table  VIII 
Same  as  Table  I  using  CiHioNHj.  S.  CS.  NC4H10— 0.49 

. Press  Cure • 

Oxide  Min.         °  F.  Cure  Air  Cure 

1  None  15  286  Under  None,  75  days 

2  ZnO  IS  230  OK  OK,    13  days 

3  PbO  15  2.S6  OK  None,  13  days 

4  MgO  15  286  Under  OK,  13  days 

5  Ca(OH)3  15  286  Under  OK,   13  days 

Table  IX 
Rubber— 100;   sulfur — 4.0;   o.xide — 0.5;   tetran 
Press  Cure     ^Oven  Cure^ 


disulfide — 0.25 


O.XIDE 

15  min 
2fiOOF 

Over' 
Unde 
Unde 
Fair 

50  ra 
As  is 

None 
r  None 
r       None 

None 

in..  176°  F.     . 

After  NH3        As 

Air 

Cure • 

After  NHj 

ZnO 
PbO 

MgO 
Ca(OH)s 

Over            None 
None           None 
Under         None 
Under         Good 

Sdays 

Fair,  8  days 

None 

None 

Good,  S  days 

Table  X 

Rubbf 

r— 100; 

MgO — 0.5;  tetramethylthiu 

ram  disulfide— 0.5 

Sulfur  5  min.,  240°  F.                   As  is  After  NH3 

4  0                Under  OK,    .50  days  OK,  13  days 

6  0                 Fair  OS,     34  days  OK,  13  days 

8.0                OK  Over,  27  days  OK,  13  days 

Relative  Action  of  Various  Oxides 

The  idea  of  continual  decomposition  and  re-formation 
of  metallic  dithiocarbamates  during  vulcanization  at  once 
suggests  a  possibility  of  the  shifting  from  one  metallic  salt 
to  that  of  another  metal.  Upon  studying  the  action  of 
various  oxides  on  a  certain  metallic  ditliiocarbamate,  their 
action  was  found  to  be  so  widely  different  that  the  results 
could  be  recorded  qualitatively  by  the  feel  of  the  cured 
vulcanizate.  Considermg  acceleration  purely  as  a  time 
factor,  the  relative  action  of  the  common  oxides  has  been 
recorded  through  the  time  necessary  to  give  an  under,  fair, 
OK,  or  over  cure.  This  was  partly  necessary  in  order  to 
correlate  air  cures  properly  with  press  or  oven  cures,  since, 
air  cures  do  not  lend  themselves  readily  to  machine  tests. 

The  treatment  with  ammonia  gas  consisted  merely  of 
exposing  the  stocks,  in  thicknesses  not  over  0.25  in.,  to  the 
dry  gas  over  night  at  atmospheric  pressure,  or  for  shorter 
periods  when  using  higher  pressure.  All  stocks  were  then 
exposed  to  air  for  at  least  one  day  before  being  cured  in  press 
or  oven. 

The  entire  data  are  given  in  Tables  I  to  X. 

Discussion  of  Data 

From  the  foregoing  data  it  was  found  that  lead  dithio- 
carbamates do  not  air-cure  except  by  the  aid  of  calcium 
hydroxide  or  magnesia,  and  then  but  slowly.  The  lead  salts 
are  high-temperature  accelerators  and  require  the  presence 
of  litharge  or  zinc  oxide.  Litharge  used  as  an  aid  to  the 
ditliiocarbamates  of  zinc,  calcium,  or  magnesium  gives 
practically  the  same  results  as  if  the  lead  salt  had  been  used. 

Zinc  dithiocarbamates  air-cure  most  rapidly  with  calcium 
hydroxide  and  magnesia,  more  slowly  with  zinc  oxide,  and 
not  at  all  in  the  presence  of  litharge.  For  high-temperature 
cures  calcium  hydroxide  and  magnesia  lose  their  value  and 
become  secondary  to  zinc  oxide  and  litharge.  In  each  case 
the  resultant  cure  corresponds  closely  to  that  of  the  metallic 
salt  of  the  oxide  used. 

Calcium  and  magnesium  dithiocarbamates  of  secondary 
amines  are  rather  unstable,  decomposing  with  rising  temper- 
ature and  thereby  losing  the  high  curing  power  which  they 


show  at  ordinary  temperatures.  When  used  with  zinc  oxide 
or  litharge  they  assume  the  properties  of  the  zinc  or  lead 
salts. 

Ammonia  causes  zinc  dithiocarbamates  cf  secondary 
amines  to  air-cure  in  absence  of  metallic  oxides  so  that  they 
function  as  rapidly  as  by  the  aid  of  calcium  hydroxide  or 
magnesia.  The  ammonia  is  believed  to  be  held  as  an  addi- 
tion product  to  the  zinc  salts,  and  probably  increases  the 
basicity  of  the  accelerator,  thereby  giving  greater  curing 
power.  With  tliiuram  disulfides  the  ammonia  fiist  forms 
the  corresponding  ditliiocarbamate. 

The  data  check  the  previous  assumptions  and  show  the 
shifting  from  one  metallic  salt  to  another  during  vulcaniza- 
tion. This  is  believed  to  be  due  to  the  interfering  action 
of  hydrogen  sulfide.  Metallic  oxides  apparently  do  not 
fix  hydrogen  sulfide  sufficiently  to  prevent  the  interchange 
of  metallic  radicals.  Litharge  stops  the  zinc  salt  from  air- 
curing  and  magnesia  speeds  its  action.  Lead  and  magnesium 
sulfhydrates  evidently  react  with  zinc  dithiocarbamates  to 
form  lead  or  magnesium  salts  and  precipitate  the  zinc  as 
the  sulfide.  It  -nill  be  recalled  that  litharge  does  not  prevent 
the  action  of  hydrogen  sulfide  on  thiuram  disulfides. 


In  conclusion,  there  is  .shown  in  Fig.  2  a  graphical  outline 
of  the  many  reactions  which  take  place  with  dithiocar- 
bamates and  thiuram  disulfides  derived  from  secondary 
amines.  All  these  reactions  take  place  at  room  tempera- 
ture. 


Nitrostarch  as  a  Constituent  of  Explosives 

The  use  of  nitrostarch  in  the  manufacture  of  safety  explosives 
is  increasing,  and  this  substance  is  now  important  in  the  e.xplosives 
industry,  state  C.  A.  Taylor  and  W.  H.  Rinkenbach,  assistant 
explosives  chemists  of  the  Interior  Department,  who  have  con- 
ducted a  series  of  studies  of  the  materials,  constitution,  and 
analysis  of  numerous  types  of  explosives  at  the  Pittsburgh  Experi- 
ment Station  of  the  Bureau  of  Mines.  Nitrostarch  is  made  by 
nitrating  starches  with  a  mixture  of  sulfuric  acid  and  nitric  acid, 
details  of  the  method  varying  considerably  among  different 
manufacturers.  Commercial  nitrostarch  is  in  reality  a  mixture 
of  compounds  of  various  degrees  of  nitration,  being  comparable 
in  this  respect  with  nitrocellulose.  Like  the  nitrocellulose, 
nitrostarch  is  not  a  true  nitro  compound,  being  an  organic  ni- 
trate. 
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Limitations  of  the  Obscuring  Power  Method  of  Deter- 
mining the  Particle  Size  of  Pigments 


By  Ellwood  B.  Spear  and  Herbert  A.  Endres 

The  Goodyear  Tire  and  Rubber  Co.,  Akron,  Ohio 


THE    so-called  obscur-  a  critical  study  of  the  obscuring  power  method  for  determining  0.1   /i  in  diameter  will   not 

ing        or       diffusing  the  relative  average  particle  size  of  pigments  has  been  made.  affect    even    the      shortest 

power   test  is  a  tur-  The  method  is  applicable  for  comparisons  of  particle  size  of  the  light  waves,  and  the  obscur- 

biraetric   method  of    deter-  same  pigment  in  the  same  medium  where  the  average  diameter  of  ing  power  method  would  not 

mining  the  average  particle  the  particles  is  greater  than  one-half  the  wave  length  of  light.     It  be  expected  to  give  accur- 

size  of   pigments,   and    ha«  serves  as  a  convenient  and  rapid  check  on  the  physical  condition  of  ate  quantitative  results  with 

been    previously    described  two  shipments  of  the  same  material  produced  by  the  same  process  particlesless  than  0.175  M  in 

in    the    literature.^.^      The  even  when  the  average  diameter  of  the  particles  is  somewhat  less  than  diameter.       To   prove    tills 

fundamental    principle    of  one-half  the  wave  length  of  light.  definitely  the  following  ex- 

the  method    is  the  extinc-  The  method,  however,  is  not  applicable  for  the  comparison  of  periments  were  carried  out: 

tion,    partly  by  absorption,  /^jg  different  pigments  if  an  appreciable  difference  exists  between  COLLOIDAL  GoLD — A  solu- 

partly   by    scattering,    due  (heir  respective  refractive  indices,  or  other  optical  properties,  such  tion  of  gold  chloride  was  pre- 

both  to  refraction   and  re-  as  light  absorption  and  reflection.     For  instance,  zinc  oxide  and  P^^?'^  containing   0£7  g.    of 

flpptinn     nf  tlip  Hirppt   liVht                   li     l       n       .     ■      .l                  l          ■                        ,                    ■  c  .i  gold  per  liter.      To  250  cc.  of 

ueLuon,  oi   uie  uuecu  iiguu  gas  black  will  not  give  the  same  obscuring  power  values,  even  if  the  (j^jg  solution  a  0  1    per    cent 

rays  from  the  mcanclescent  average  diameter  of  the  particles  is  the  same  in  the  two  cases.     It  tannin    solution    was     added 

filaments  of  an  electric  lamp  /^  „„/  applicable  for  the  determination  of  particle  size  in  systems  drop    by    drop,     thoroughly 

caused  by  the  dispersed  pig-  ^here  the  diameter  of  the  particles  is  less  than  one-fourth  the  wave  ''f^'^Hf.o  ""p"^    warming     to 

ment  particles  in    the  tube  length  of  the  light  emphyed-i.  e..  in  colloidal  systems.  djt°"n    untU    f  cc    had  been 

through  which  the  lamp  is  added  and  the  colloidal  gold 

viewed.     The  chief  factors  thus     produced    had    passed 

involvedarethesizeof  the  particles,  the  difference  of  refractive  through  the  cherry-red   and   into  the   green.      No    obscuring 

indices  of  the  dispersed  material  and  the  disperse  medium,  P°^^''  '''^f'ding  could  be  obtained  at  this   point,    the    solution 

,,        ,          ,.          r  1-  ,  .   T       ,,             ,•  ,            1       ,,             ,•  being  optically  clear.     Additional  quantities  of  tannin  were  then 

the  absorption  ot  light  by  the  particles  or  by  the  medium,  added,  with  the  following  results: 

and  also  reflection  from  particles,  depending  upon  the  angle  .j-j^j^,  Tannin                       obscuring  Power 

presented  to  any  ray.     The  importance  of  the  difference  of  Cc.                                 Sq.  Cm./Cc 

refractive   indices   of   the   dispersed   phase   and   dispersing  2                                      I9°ooo 

medium  should  be  stressed,  because  if  both  phases  have  the  3                                      mom 

same  refractive  index  there  A\all  be  neither  refraction  nor  5                                      3i!ooo 

reflection  and  the  system  will  appear  homogeneous  and  en-  ^^^^^  5  ^^^piOj  p^^  ^^^,  b^cu wiooo 

tirely   transparent.     Obviously,    in    tliis   case  an  obscuring  Added  2  cc.  15  per  cent  Bacu si.ooo 

]■  ,7  ,    1  1   ,     •        T  Heated  to  boiling 22,000 

power  reading  could  not  be  obtained.  After  standing  2  days 22,000 

The  apparatus  employed  is  essentially  a  Sargent  colorim-  ^j^^  significant  fact  borne  out  by  these  experiments  is 

eter.     Briefly,   the   obscurmg   power  m  square  centimeters  ^^^^^^  ^j^^  obscuring  power  increases  with  the  particle  size 

per  gram  is  obtained  by  dividing  the  reciprocal  of  the  con-  ^^^^^  ^  maximum  value  is  reached,  after  which  it  decreases 

centrationof  the  suspension  m  grams  per  cubic  centimeter  by  ^^^^   increasing   particle   size.     After   the   barium   cliloride 

the  height  of  the  column  m  centimeters.     Multiplying    the  ^^.^^  ^^j^^j  ^j^^  particles  became  so  large  that  they  settled 

value  thus  obtained  by  the  specific  gravity  of  the  suspended  ^^^  ^^  standmg  over  night  and  the  mixture  had  to  be  shaken 

material  gives   the    obscuring  power  m  square  centimeters  ^p  ^^^^^^  ^j^^  g^^j  readings  were  taken.     The  final  value  of 

per  cubic  centimeter.  22,000  is  not  very  different  from  that  after  3  cc.  of  tannin 

The  obscurmg  power  method  depends  upon  the  property  j^^^.^  ^^^^  ^^^jg^_  ^.^^  ^j^^  particle  size  is  many  times  greater, 
wliich  the  particles  have  of  cutting  off  light  rays.     It  is 

obviously  impossible  for  particles   to   do   this   completely  Applications  to  Gas  Black 

unless  they  can  form  a  true  geometric  image  of  themselves.  The   dispersions  of  tliis  material  obtained  by   previous 

It  is  clear,  therefore,  that  the  obscuring  power  method  cannot  methods-'^   are   not   complete,    as   shown   by    microscopic 

give  quantitative  results  where  the  diameter  of  the  particles  examination  and  the  fact  that  they  settle  out  readily  on 

is  less  than  that  necessary  to  form  a  true  geometric  image,  standing.     In  an  effort  to  improve  upon  the  degree  of  dis- 

For  this  reason  the  obscuring  power  method  is  totally  in-  persion  various  protective  colloids  were  employed,  and  tannin 

applicable  for  the  determination  of  particle  size  in  colloidal  ^yas  found  to  give  very  satisfactory  results.    The  method 

systems.     The  same  argument  obtains  in  the  case  of  the  best  developed  is  as  follows: 

pigments,  such  as  very  fine  zinc  oxide  and  gas  black.  ,,.    r,,  /■  ^i  .,.•,■..       r       1  r    1      ,„i  ;„ 

Tr-ii     1-  li.-                     1     r  1-  w                        ■       -1       +1  Mix  50  mg.  of  the  material  into  a  few  drops  of  glycerol  m  an 

Visible  light  IS  composed  of  light  waves  varjmg  m  length  ^^^^^  mortar.     After  the  pigment  is  thoroughly  wet  add  0.1  g. 

from  4000  to  7000  Angstrom  units,  or  0.4  n  to  0.7  //.     It  of  solid  tannin  and  continue  trituration  for  5  min.     Use  solid 

has  been  found  that,  for  any  given  wave  length,  particles  tannin  instead  of  a  solution,  because  it  is  essential  to  keep  the 

less  than  one-fourth  wave  length  in  diameter  do  not  appre-  original  trituration  mi.xture  as  concentrated  in  PigJ^ent  as  is  pos- 

.  ,  ,        „    ^  ^,                  .       ,     *'„,        ,                1-  1      1        *u  sible  for  complete  dispersion.     Then  add  water,  2  cc.  at  a  time 

ciably  affect  the  wave  front.     Therefore,  particles  less  than  ^j^j^  titration  after  each  addition,  until  10  cc.  have  been  added. 

•  Presented  before  the   Division  of  Rubber    Chemistry  at  the  6-lth  Transfer  the  mixture  to  a  250-cc.  volumetric  flask    add  about 

Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September  4  100  CC.  water  and  shake  thoroughly,  after  which    fill    the    flask 

to  8    1922  to  the  mark  and  shake  again.     Should  the  mixture  foam  badly 

'=  This  Journal,  12  (1920),  S90.  it  can  be  settled  by  adding  a  few  drops  of  ether.     Transfer   25 

s/niia  Rubber  World,  66  (1922),  347.  CC  of  this  dispersion  to  a  UIO-cc.  volumetric  flask  and  till  to  the 
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mark  with  water.    After  thoroughly  shaking  this  mixture  obtain 
the  obscuring  power  reading  in  the  usual  way. 

Microscopic  and  ultramicroscopic  examination  and  tlie 
extremely  slow  rate  of  settling  show  dispersions  obtained 
in  this  way  to  be  quite  complete. 

Four  samples  of  gas  black  were  run  by  this  method.  Ac- 
cording to  ultramicroscopic  examination  the  particle  size 
of  these  increased  in  the  order  named.  The  following  are 
the  results  of  the  obscuring  power  method: 


Sample 


Obscuring  Power 

Sq.  Cm./Cc. 

9200 

1600 

5000 

10,000 


There  is'every  reason  to  believe  that  Sample  2  is  graphitic, 
which  may  account  in  part  for  the  low  obscuring  power  value, 
for  reasons  to  be  given  later.  However,  the  results  plainly 
show  that  the  method  is  of  no  value  when  applied  to  gas 
blacks,  which  usually  contain  a  considerable  proportion 
of  particles  less  than  0.10  fi  in  size.  As  previously  stated, 
particles  less  than  one-fourth  wave  length  (0.10  /x)  in  size 
will  not  appreciably  affect  even  the  shortest  light  waves. 
The  reason  for  the  inconsistent  results  on  gas  black  is  there- 
fore perfectly  ob\-ious. 

The  foregoing  method  gives  satisfactory  results,  however, 
when  applied  to  coarser  carbon  pigments,  such  as  lamp- 
black and  graphite. 

Applications  to  Zinc  Oxide 

To  improve  upon  the  previous  methods  by  obtaining  a 
better  dispersion  of  this  material,  protective  coUoids  were 
again  tried  and  gum  arable  was  found  to  give  the  best  results, 
both  from  the  standpoint  of  dispersion  and  manipulative 
difficulties  due  to  foatning  on  dilution  and  mi.xing.  The 
following  method  was  adopted: 

Mix  0.5  g.  of  the  material  thoroughly  with  a  few  drops  of 
glycerol  in  an  agate  mortar.  To  this  add  10  cc.  of  a  1  per  cent 
solution  of  gum  arable  in  water  and  continue  trituration  for 
about  5  min.  Transfer  the  mixture  to  a  250-cc.  volumetric 
flask  and  treat  as  in  the  case  of  gas  black. 

Tliree  samples  of  zinc  oxide  were  examined  by  this  method. 
Microscopic  examination  and  particle-size  measurements, 
as  well  as  obscuring  power  values  would  place  them  in  the 
following  order  as  to  particle  size: 

Obscuring  Power 
Sample  Sq.  Cm./Cc. 

1  4000 

2  6000 

3  6750 

Particle-size  measurements  by  the  method  of  Green'  have 
shown  the  particles  of  Sample  1  to  average  about  0.4  /x  in 
diameter,  wliile  those  of  Sample  3  average  about  0.2  n. 
Sample  3  contains  a  considerable  proportion  of  particles  which 
are  less  than  0.1  ^i  and  this  accounts  for  the  low  obscuring 
power  value,  which  should  be  twice  that  of  Sample  1,  or  8000. 

Zinc  oxides  are  usuaUy  much  coarser  than  Sample  3,  this 
being  a  specially  prepared  product.  The  obscuring  power 
method  is  therefore  generally  applicable  to  the  usual  grades 
of  this  material. 

Applications  to  Other  Pigments 

Barytes — A  barium  sulfate  gel  was  prepared  by  the  inter- 
action of  saturated  solutions  of  barium  iodide  and  mangan- 
ous  sulfate.  Agitating  this  gel  caused  it  to  crystallize  into 
a  very  finely  diidded  barium  sulfate.  Obscuring  power  de- 
terminations were  made  on  this  material  by  the  gum  arable 
method,  as  described  above,  and  also  on  samples  prepared 
by  other  precipitation  methods  and  regular  ground  barj'tes. 
These  are  listed  below,  with  their  corresponding  obscuring 
powers,  in  the  order  of  increasing  particle  size  as  determined 
by  microscopic  examination  and  settling  tests. 

»  /.  Franklin  Insl.,  192  (1921),  637. 


Obscuring  Power 
Material  Sq.  Cm./Cc. 

Crystallized  gel:   Fresh 2260 

After  standing  2  mo.  in  paste  form 3200 

Precipitated:   BaCIj  (satd.)  +  HjSOi  (1:1) 3750 

BaClj  (satd.)  +  H2SO.  (1:2) 3450 

Special  precipitated 2150 

Regular  ground 860 

These  results  again  point  out  the  invalidity  of  the  method 
when  applied  to  particles  which  lie  in  the  coOoidal  realm. 
The  freshly  crystallized  gel,  although  many  times  finer  than 
the  special  precipitated  material,  is  not  very  different  in 
obscuring  power.  Also  the  two-month-old  sample  of  the  crys- 
taUizedgel  has  a  higher  obscuring  power  than  the  same  material 
when  fresMy  prepared,  in  spite  of  the  fact  that  the  crystals 
grew  considerably  during  this  period.  The  method  is  not 
even  qualitative  for  the  first  two  samples,  but  is  fairly  quanti- 
tative for  the  others. 

The  method  has  been  tried  out  with  several  other  pigments, 
and  in  general  it  can  be  applied  with  fairly  quantitative  re- 
sults to  pigments  which  do  not  contain  particles  smaller  than 
0.1  Ai  in  diameter.  It  is  therefore  applicable  to  all  the  present- 
day  commercial  pigments  with  the  exception  of  gas  black 
and  some  grades  of  antimony  pentasulfide,  and  iron  and  zinc 
o.xides.  With  pigments  containing  particles  less  than  0.1  m 
in  size,  the  method  is  not  quantitative  and  becomes  less  so 
as  the  proportion  of  these  increases. 

Ownng  to  the  great  influence  of  the  refractive  index  of  the 
pigment,  as  well  as  that  of  the  suspending  medium,  on  the 
obscuring  power,  the  values  obtained  for  the  same  pigment  in 
cUfferent  media  and  also  different  pigments  in  the  same  media 
are  not  comparable.  The  value  of  the  method  lies  in  deter- 
mining the  relative  average  particle  size  of  different  samples 
of  pigments  of  the  same  composition  and  crystalline  structure. 
As  previously  pointed  out,  amorphous  carbon  cannot  be 
compared  with  graphitic  carbon  because  of  differences  in 
optical  properties^coefScient  of  refraction,  reflecting  power. 

Range  of  Applicability 

The  foUovsing  diagram,  illustrating  the  range  of  applica- 
bility of  the  obscuring  power  method,  is  based  on  informa- 
tion obtained  from  the  experiments  above  described. 

\ 

I 

lb 


Incre>as/'n<p  porf/c/e  s/'ze  — *- 

The  obscuring  power-particle  size  curves  are  different  for 
different  pigments,  and  all  show  maxima  in  the  colloidal 
realm.  The  values  for  obscuring  power  and  particle  size 
at  the  peak  depend  upon  the  optical  properties  of  the  sub- 
stance and  are  different  for  different  substances. 

Ob\'iously,  the  method  is  not  applicable  to  pigments  made 
up  of  particles  which  lie  to  the  left  of  point  (o)  on  the  curve. 
This  is  the  region  of  colloidal  dispersions  and  in  it  the  ob- 
scuring power  increases  with  increase  in  particle  size.  Gas 
black  contains  a  considerable  proportion  of  particles  which 
lie  in  this  region.  Most  of  the  other  pigments,  however, 
are  made  up  of  particles  wliich  for  the  most  part  lie  to  the 
right  of  point  (a),  and  to  them  the  method  can  be  applied 
with  fairly  accurate  results. 
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Starch  in  Sorghum  Juice' 


By  Sidney  F.  Sherwood 

Office  of  Sugar-Plant  Investigations.  Bcheau  of  Plant  Industry,  Department  of  Agrh 


ONLY  four  or  five  out 
of  the  hundreds  of 
samples  of  j  ui  c  e 
from  sweet  sorghum  tested 
by  the  writer  for  the  pres- 
ence   of  starch,  using  the 

iodine  test,  have  shown  a  negative  reaction.  In  juice  that 
has  been  preserved  by  tlie  addition  of  mercuric  chloride,  the 
suspended  solids  separate  into  a  more  or  less  compact  layer 
of  greenish  gray  material,  showing  in  most  cases  a  well-de- 
fined layer  or  band  of  white  starch  granules.  The  literature 
contains  an  occasional  brief  reference  to  the  presence  of  starch 
in  sorghum  juice,  but  there  seems  to  be  no  printed  statement 
gi\'ing  the  quantities  of  starch  present  in  the  expressed  juice. 
Wiley-  states  that  he  never  failed  to  obtain  a  positive  test 
with  the  iodine  reaction,  Sylvester^  measured  the  size  of 
starch  grains  in  sorghum  juice,  finding  them  to  be  extremely 
small  as  compared  with  starch  from  corn  and  potatoes. 
Weber  and  Scovell^  report  4.12  per  cent  of  starch  in  the 
stalks  of  Orange  sorghum,  but  do  not  give  the  quantity  in 
the  expressed  juice. 

Wiley^  refers  to  the  presence  of  starch  grains  in  cross 
sections  of  the  stalk.  Joulie'  proposed  an  alcohol  clarifica- 
tion of  the  cold  juice,  claiming  as  a  special  advantage  the 
elimination  of  starch  which  in  hot  processes  of  clarification  is 
converted  into  "dextrins"  that  interfere  with  subsequent 
working  of  the  juice.  Willaman,  West,  Spriestersbach,  and 
Holm'  state  that  starch  is  always  found  in  sorghum  juice,  and 
that  "as  maturity  approaches,  the  starch  increases  from 
about  0.7  per  cent  to  1.8  per  cent."  They  do  not  give  de- 
tailed results  of  the  estimation  of  starch  in  the  juice.  Wiley* 
gives  "starch  isomers"  in  the  dry  material  of  two  samples  of 
sorghum  blades  as  21.22  and  14.49  per  cent.  Many  references 
on  the  composition  of  sweet  sorghum  seed  show  that  the  air- 
dried  seed  contains  from  65  to  70  per  cent  starch. 

'  Received  March  3,  1923. 

!  U.  S.  Dept.  Agr.,  Div.  Chem..  Bull.  18  (ISS8),  116. 
>  Ibid. ,3t  (1892),  77. 

*  "Report   on   the   Manufacture   of   Sugar,   Sirup,   and    Glucose    from 
Sorghum,"  Illinois  Industrial  University,  1881,  p.  II. 
'  U.  S.  Dept.  Agr.,  Div.  Chem.,  Bull.  2  (1S84),  6. 
"  "Etudes  et  experiences  sur  le  sorgho  et  Sucre,"  Paris,  1864. 
'  J.  Agr.  Research,  18  (1919),  16,  25. 
8  U.  S.  Dept.  Agr.,  Div.  Chem.,  Bull.  3  (1884),  11.5. 


Starch,  sucrose,  and  reducing  sugars  contents  of  the  expressed 
Juice  of  fifteen  varieties  of  sorghum  at  time  of  maturity  are  gioen. 
The  probable  effect  of  starch  upon  filtration  of  juice,  consistency  of 
sirup,  and  crystallization  of  sucrose  is  briefly  mentioned. 


The  investigation  here  re- 
ported was  conducted  in 
connection  with  breeding 
experiments  and  varietal 
tests  of  sweet  sorghums.' 
Estimation  of  Starch 
All  samples  of  juice  have  been  expressed  by  a  small  3-.  jU 
mill  from  mature  stalks  from  which  the  blades  and  seed  heads 
had  been  removed.  Two  hundred  cubic  centimeters  of  the 
thoroughly  mixed  juice  were  placed  in  a  bottle,  preserved  by 
the  addition  of  a  trace  of  mercuric  chloride,  and  stored  in  an 
icebox.  Other  work  necessitated  a  delay  of  several  months 
before  the  determination  could  be  made,  and  during  this  per- 
iod the  supernatant  juice  became  perfectly  clear  and  the  sed- 
iment formed  a  compact  laj'er  containing  a  clearly  differen- 
tiated starch  layer  or  band.  The  clear  portion  was  siphoned 
off  and  discarded;  the  entire  residue  was  washed  into  a  col- 
lodian  dialyzing  sack;  a  few  drops  of  toluene  were  added, 
and  the  material  was  dialyzed  against  running  tap  water 
until  all  sugars  had  been  removed,  as  indicated  by  negative 
tests  with  a-naphthol  and  with  Seliwanoff's  test.  Ordinarily 
they  were  free  in  4  days  (96  hrs.) .  As  a  matter  of  precaution, 
they  were  then  dialyzed  against  distilled  water  for  2  days 
(48  hrs.),  changing  the  water  several  times  each  day.  All 
the  material  in  the  sack  was  then  transferred  to  a  beaker  and 
the  starch  was  determined  by  the  diastase  method,  ">  omit- 
ting the  preliminary  extraction  with  ether  and  alcohol. 

The  dialyzing  sacks  were  made  as  follows:  9.5  g.  dry 
pyroxylin  (snowy)  were  dissolved  in  75  ec.  of  ethyl  ether; 
60  cc.  of  absolute  alcohol  were  added,  and  the  mixture 
was  shaken  and  permitted  to  stand  until  free  from  air 
bubbles.  The  interior  of  a  test  tube,  10  x  1.5  in.,  was  made 
thoroughly  wet  with  the  solution,  inverted,  and  permitted  to 
drain  for  2  min.  The  membrane  was  air-dried  until  it  could 
be  handled  (approximately  0.5  hr.),  and  removed  by  flowing 
water  between  it  and  the  wall  of  the  tube.  It  was  carefully 
examined  in  order  to  insure  absence  of  leaks,  air  bubbles, 
etc.  Membranes  that  were  not  used  at  once  were  kept  im- 
mersed in  water. 

B.  Cowgill,  agronomist,  under  direction  of 
charge.  Office  of  Sugar-Plant  Investigations, 


9  Project  in  charge  of  H. 
.  O.  Townsend,  pathologist  in 
ureau  of  Plant  Industry. 

>o  Assoc.  Official  Agr.  Chem 


Methods,  1920,  p.  95. 


Variety  of  Sorghum       (17V2°  C.) 

Folger 20.85 

Japanese  Ribbon 16.35 

Indiana  Amber 20.45 

Farmer  Jones 17.70 

Colman 17.55 

Sugar  Drip 18.50 

Silver  Top 16.20 

Rex  X 21.50 

Orange 16 .  35 

ColUer 20.55 

Texas  Seeded  Ribbon. . . .  16 .  95 

Planter 15.00 

McLean 15.35 

Early   Folger,  D.  A 15.80 

Honey 13.85 


Table  I— Starch  in  Sorghum  Jul 

ICE 

Corresponding 

Specific 
)        Gravity 

Starch 

Weight  of  Starch 

per  100 
per  Gallon  Gallons 

Reducing 
Sucrose                 Sugars 
(Clerget)     (As  Invert  Sugar) 

/               Ratio 
/      %  Starch  plus 
1   %  Reducing  Sugar 

Per  cent 

G. 

Lbs. 

Per  cent 

Per  cent 

\         %  Sucrose 

1  08711 

0.528 

21.73 

4.8 

15.54 

1.41 

0.12 

0.178 

7.19 

1.6 

8,45 

1   08531 

0.433 

17.77 

3  9 

14.24 

3.20 

1.07309 

0.289 

11.73 

2.6 

11.91 

1.07243 

0.368 

14.95 

3,3 

11.95 

1.89 

1  07662 

0.443 

18.06 

4.0 

11.77 

3.05 

1   06653 

0.257 

10.36 

2.3 

9.91 

1 . 09004 

0.852 

35.16 

7.8 

15.75 

1  06718 

0.275 

11,12 

2.5 

10.56 

2.38 

1.08576 

0.640 

26.30 

5.8 

14.94  ■ 

1 . 06980 

0.374 

15.12 

3.3 

10.83 

3.05 

1  06133 

0.263 

10.55 

2.3 

1.06284 

0.143 

5.75 

1.3 

7.42 

0.312 

12.56 

2.8 

10.14 

1.80 

1.05639 

0.142 

5.70 

1.3 

6.86 

4.12 

0.366 

14.94 

3.3 

Maximur 

n       0.852 

35.16 

Minimun 

X        0.142 

5.70 

1.3 
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The  sugars  had  been  determined  previously  on  duplicate 
samples  of  the  fresh  juice.  The  results  for  starch  and  sugars 
are  given  in  Table  I. 

Discussion 

The  starch  content  shows  a  comparatively  vdde  range.  Re- 
ferring for  convenience  to  the  column  for  weight  of  starch  in 
pounds  per  100  gal.  of  juice,  it  will  be  noted  that  the  quantity 
varies  from  1.3  to  7.8.  Separating  the  series  arbitrarily  into 
three  groups  as  the  starch  varies  1.3  to  2.2,  2.3  to  3.2,  and 
3.3  to  7.8,  and  averaging  the  sucrose  and  reducing  sugars  of 
the  samples  that  fall  witliin  these  groups  give  the  results  in 
Table  II. 

Table  II 

Group 1.3-2.2  2.3-3  2  3.3-7.S 

Number  of  samples  in  group 3  5  7 

Average  sucrose 7 .  5S  10.43  13.58 

Average  reducing  sugars 4 .  49  2 .  40  2 ,  03 

These  figures  indicate  that  a  high  starch  content  is  accom- 
panied by  a  high  sucrose  content  and  a  low  reducing  sugar 
content,  and  vice  versa.  This  is  also  shown  very  plainly  by 
the  results  for  Samples  8  and  15  in  Table  I.  Either  starch  or 
reducing  sugar  is  always  present  in  considerable  quantity, 
and  the  low  ratios 

/Per  cent  starch  plus  per  cent  reducing  sugar\ 
\  Per  cent  sucrose  / 

are  usualh'  found  in  samples  with  a  high  sucrose  content. 

Willaman,  et  aL,"  show  that  as  the  sorghum  approaches 
maturity  there  is  a  rapid  increase  in  the  sucrose  content  and 
a  rapid  decrease  in  the  leviilose  and  dextrose  content,  the  dex- 
trose decreasing  at  a  more  rapid  rate  than  the  le\Tjlose.  Thej' 
consider  that  the  decrease  in  dextrose  is  due  to  at  least  three 
causes;  (a)  respiration;  (6)  conversion  into  sucrose;  and 
(f)  conversion  to  a  slight  extent  into  starch.  In  view  of  the 
fact  that  no  analyses  were  made  on  immature  samples,  no 
information  is  available  as  to  whether  or  not  the  metabolism 
of  the  plants  conformed  -nith  WUlaman's  observations.  In 
each  case  the  juice  had  been  obtained  from  plants  which  from 
appearance,  hardness  of  seed,  etc.,  were  mature  and  at  the 
stage  of  growth  ordinarily  considered  suitable  for  the  man- 
ufacture of  sirup.  It  seems  probable  that  the  starch-sucrose- 
reducing  sugar  ratios  may  be  characteristics  of  the  variety. 

Bulletins  of  the  United  States  Department  of  Agriculture, 
Division  of  Chemistry  (1884  to  1893),  dealing  wth  experimen- 
tal work  in  connection  with  the  attempted  production  of  sugar 
from  sorghum,  show  that  "gummy"  and  "mucilaginous" 
constituents  of  the  juice  were  responsible  for  extreme  diffi- 
culty in  clarification  and  filtration  and  that  these  constitu- 
ents plus  reducing  sugars  were  responsible  for  unsatisfactory 
crystallization  of  sucrose.  The  gummy  constituents  were 
investigated  but  apparentlj'  no  investigation  was  made  on 
the  quantities  of  starch  present.  The  repeated  failure  of 
numerous  attempts  forty  years  ago  to  produce  sugar  commer- 
cially from  sorghum  showed  quite  conclusively  that  the  com- 
monly grown  varieties  of  sorghum  are  not  adapted  to  the  pro- 
duction of  sugar  and  that  it  is  not  practical  to  attempt  to 
produce  sugar  from  them.  The  presence  in  the  juice  of  the 
quantities  of  starch  and  reducing  sugars  here  shown  is  fur- 
ther evidence  of  this. 

In  \iew  of  the  large  areas  in  the  United  States  that  seem  to 
be  suited  to  the  production  of  sugar  beets  and  sugar  cane, 
there  appears  to  be  no  necessity  at  present  to  consider  sor- 
ghum for  sugar  production.  It  is  of  great  value,  however, 
for  the  production  of  sirup,  as  much  as  49,505,000  gal.  having 
been  produced  in  1920.  For  tliis  purpose,  the  presence  of  re- 
ducing sugars  is  desirable  because  it  retards  and,  when  pres- 
ent in  sufficient  amount,  prevents  crystallization  of  sucrose. 

11  Loc.  cit.,  p.  25. 


In  some  cases  the  sirup-manufacturing  process  involves 
clarification  of  the  juice  with  lime,  followed  by  settling  and 
decantation  or  by  filtration,  but  probably  85  per  cent  of  the 
sirup  produced  is  made  by  direct  open-pan  evaporation  of 
the  raw  juice,  with  removal  of  scums  by  skimming.  That 
portion  of  the  starch  that  finds  its  way  into  the  finished  sirup 
probably  has  a  tendency  to  retard  crystallization.  However, 
there  are  indications  that  starch  is  responsible  for  the  well- 
known  "jellying"  of  sorghum  sirup,  and  that  juice  low  in  starch 
will  produce  sirup  which  is  more  satisfactory  from  the  stand- 
point of  consistency  and  general  appearance.  Indications 
also  point  to  starch  as  the  cause  of  the  great  difficulty  in 
filtering  sorghum  juice,  especially  after  it  has  been  heated. 


A  Stirring  Device' 

By  Henry  W.  George 
Harv.\rd   Medical  School,   Boston,   Mass. 

In  carrying  out  a  reaction  in  a  narrow-neck,  balloon- 
shaped  flask  it  is  difficult  to  introduce  a  stirrer  with  arms 
long  enough  to  extend  close  to  the  walls  of  the  flask.  To 
overcome  this  difficulty  the  follomng  piece  of  apparatus 
has  been  developed : 

A  glass  T-tube  with  short  arms  is  sealed  to  a  long  glass 
rod,  and  another  rod  of  slightly  smaller  diameter  than  the 
tubing  is  passed  through  the  T.  The  rod  is  bent  at  right 
angles  close  to  the  arms  of  the  T  so  that  the  ends  of  the 
rod  point  in  opposite  directions.  The  rod  is  then  flattened 
at  each  end.  To  insert  into  the  flask  the  movable  glass  rod 
is  fixed  so  that  the  arms  are  vertical  (Position  A).  After 
the  stirrer  has  passed  through  the  neck  of  the  flask,  it  is 
jarred  sharply  and  the  movable  rod  falls  so  that  the  arms 
as!5ume  a  horizontal  position.  When  the  stirrer  rotates 
the  paddles  remain  horizontal  and  cause  vigorous  agitation 
throughout  the  contents  of  the  flask. 


0 


^^ 


0 


Position-  A 


Evidently,  such  an  apparatus  can  be  used  in  any  large 
flask  with  a  small  neck.  Care  should  be  taken  to  have  the 
movable  rod  evenly  balanced. 

'  Received  April  12,  1923. 
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Propionic  Acid  and  Ketones  from  Whey' 


By  E.  O.  Whittier  and  J.  M.  Sherman 

s,  Dairy  Division,  Department  of  Agriculture,  Washington,  D.  C. 


LACTOSE  is  a  sub- 
stance of  such  slight 
utility  at  present  that 
tremendous  amounts  are 
run  to  waste  as  whey.  The 
demand  for  refined  lactose 
for  use  in  infant  feeding  is 
satisfied  by  an  insignificant 
proportion  of  the  amount 
that  could  be  produced. 
The  manager  of  a  western 
creamery   recently     stated 

that  his  company  alone  would  like  a  market  for  5,000,000  His. 
of  lactose  annually.  The  cost  of  production  of  milk  albumin, 
for  which  a  demand  is  developing,  is  bound  up  with  the  prob- 
lem of  disposal  of  the  crude  lactose  produced  from  the  whey 
along  with  the  albumin. 

The  results  reported  in  this  article  are  the  outcome  of  one 
of  several  investigations  undertaken  in  the  laboratories  of  the 
Dairy  Division  in  an  effort  to  devise  a  method  for  the  com- 
mercial utilization  of  lactose. 

Propionic  Acid 

The  amount  of  propionic  acid  produced  and  marketed  at 
the  present  time  is  very  small.  The  chief  and  probably  sole 
commercial  source  of  tliis  acid  is  the  residue  from  the  refining 
of  acetic  acid.  Perfume  manufacturers  use  practically  all 
that  is  consumed,  converting  it  into  various  esters.  The 
use  of  ethyl  propionate  as  a  pjToxylin  solvent  has  been  pat- 
ented,^ and  propionyl  cellulose  has  been  suggested  as  a  possi- 
ble substitute  for  acetyl  cellulose.^  The  wide  temperature 
range  in  which  propionic  acid  is  fluid  (—22°  to  +  140°  C.) 
inchcates  that  it  might  advantageously  replace  acetic  acid  as  a 
solvent  under  some  conditions.  Development  of  a  cheap 
source  of  propionic  acid  should  considerably  stimulate  its 
use. 

Previous  work  is  summarized  and  a  number  of  experiments 
are  reported  by  Sherman  and  Shaw  in  an  article  appearing 
elsewhere. 

ExpERrMENTAL — The  propionic  organism  used  in  this  work  was 
Bacterium  acidi  propionici  {d),  isolated  by  Sherman  in  his  work 
on  Swiss  cheese,''  and  commonly  referred  to  in  this  laboratory  as 
Culture  62.  One  hundred  cubic  centimeters  of  medium  were  used 
for  each  experiment,  inoculated  with  1  cc.  of  a  62  culture  unless 
otherwise  specified,  and  incubated  at  30°  C.  At  the  end  of  the 
incubation  period  the  material  was  transferred  to  a  100-cc.  grad- 
uated flask,  made  up  to  the  mark,  transferred  to  a  centrifuge 
tube  without  rinsing,  and  whirled  for  5  min.  A  50  or  75-cc. 
aliquot  of  the  clear  liquid  was  pipetted  into  a  500-cc.  round- 
bottomed  flask,  made  acid  to  Congo  red  with  10  per  cent  sul- 
furic acid,  diluted  to  a  volume  of  about  250  cc,  and  steam- 
distilled  at  appro.ximately  constant  volume  till  1000  cc.  of  dis- 
tillate had  been  collected.  An  aliquot  of  the  distillate  was 
titrated  with  0.05  N  sodium  hydroxide  to  determine  total  vola- 
tile acid  present.  A  volume  requiring  appro.ximately  28  cc. 
0.05  N  sodium  hydroxide  was  made  alkaline  to  phenolphthalein 
and  evaporated  to  about  00  cc.  It  was  then  transferred  to  a 
110-cc.  graduated  flask,  made  acid  to  Congo  red  with  10  per 
cent  sulfuric  acid,  diluted  to  the  mark,  and  transferred  to  a  200-cc. 
flask  without  rinsing.     It  was  then  slowly  distilled,  five  20-cc. 


The  factors  affecting  the  propionic  fermentation  of  lactose  have 
been  investigated,  and  conditions  determined  whereby  approximately 
2.4  lbs.  of  propionic  acid  and  I  lb.  of  acetic  acid  may  be  obtained 
from  5  lbs.  of  lactose  in  12  days'  incubation. 

A  mixed  culture  of  Bacterium  acidi  propionici  (d)  and  Lacto- 
bacillus casei.  incubated  at  30°  C.  for  3  days,  is  used  for  the  inocula- 
tion Oj  the  previously  sterilized  and  buffered  whey. 

The  mixture  of  propionate  and  acetate  obtained  may  be  either 
converted  into  free  acids  and  refined,  or  distilled  to  yield  a  mixture 
of  acetone,  methylethyl  k.eionc,  and  diethyl  /(etone. 


1  Presented  before  the  Di 
at  the  64th  Meeting  of  the  A: 
September  4  to  8,   1922. 

2  U.  S.  Patents  1,397,173  and  1,397,493  (1921) 
^  Dubosc,  Rev.  prod,  chim.,  24  (1921),  499. 

«  J.  Bad.,  6  (1921),  379. 
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portions  of  distillate  being 
collected  and  titrated  with 
0.05  N  sodium  hydroxide. 
The  ratio  of  propionic  to 
acetic  acid  and  the  actual 
weight  of  each  acid  present 
were  calculated  from  these 
data  and  Duclaux  tables. 
The  Duclaux  method  gave 
very  consistent  results;  it  is 
difficult  to  understand  why 
investigators  so  frequently 
attempt  to  modify  it. 

One  of  the  chief  objec- 
tions to  almost  any  fermentation  is  the  excessive  time  factor. 
Preliminary  experiments  showed  that  a  5  per  cent  lactose 
solution  containing  peptone  and  the  propionic  organism  was 
only  about  10  per  cent  converted  to  volatile  acid  in  14  days. 
Aerobic  fermentations  may  be  greatly  accelerated  by  aera- 
tion methods,  but  such  a  scheme  is  of  no  benefit  in  an  an- 
aerobic process. 

Determination  of  Mo.st  Desirable  pH  Value — ^Most 
bacteria  are  cjuite  sensitive  to  changes  in  hydrogen-ion  con- 
centration. To  determine  the  most  desnable  pH  value  for 
the  propionic  organism,  the  series  recorded  in  Table  I  was 
carried  out.  Organism  8  is  Lactobacillus  casei,  an  accelerator 
of  the  growth  of  the  propionic  organism,  62.  Each 
culture  contained  2  g.  calcium  lactate  and  1  g.  peptone,  and 
was  incubated  for  14  days.  It  will  be  noted  that  the  amount 
of  acceleration  caused  by  Lactobacillus  casei  is  very  small  in 
this  series,  especially  in  comparison  with  the  acceleration 
indicated  in  the  following  tables.  This  is  probably  due  to 
the  fact  that  Lactobacillus  casei  does  not  grow  well  in  the 
medium  used. 

Table  I — Effect 


Weight    of    Acid 

Produced 

Inoculating 

pH           Ratio  of  Mols.  Propionic 

Propionic     Acetic 

Organisms 

Initial 

to  Mols.  Acetic 

G.                 G. 
About  0.03  g. 

«-' 

5 

volatile  acid 

62 

() 

2.01 

0.5599       0.2137 

62 

2.05 

0.6526       0.2582 

62 

S 

2.33 

0.5895       0.2048 

62,8 

5 

About  0,04  g. 
volatile  acid 

62.S 

6 

2.11 

0 . 6028        0 . 2323 

62,8 

7 

2.04 

0.6621       0.2635 

62,8 

8 

2.40 

0.6324       0.2137 

Growth  of  the  propionic  organism  is  practically  nil  at  the 
H-ion  concentration  represented  by  pH  5.  The  so-called 
neutral  pomt,  pH  7,  is  the  most  desirable  reaction  for  the 
growth  of  the  organism,  a  change  in  pH  in  either  direction 
retardmg  the  production  of  acid.  In  subsequent  experi- 
ments, 5  g.  of  calcium  carbonate  were  added  to  each  100  cc. 
culture  to  maintain  the  pH  value  at  approximately  7,  and  the 
cultures  were  gently  shaken  every  few  days. 

Effect  of  Organisms  on  Acid  Ratio — In  most  of  our 
experiments,  a  fairly  constant  ratio  of  2  molecules  of  pro- 
pionic acid  to  1  molecule  of  acetic  acid  was  obtained,  but  fre- 
quently the  ratio  was  noticeably  disturbed.  In  several  cases 
this  was  attributed  to  contaminating  organisms  or  to  accel- 
erating organisms  purposely  introduced.  To  get  at  the 
mechanism  of  this  effect,  cultures  were  made  containing, 
instead  of  lactose,  sodium  propionate  and  acetate,  and  these 
were  inoculated  with  organisms  of  several  types.  Culture 
^5,4  is  an  unidentified  organism  known  to  accelerate  the 
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propionic  fermentation.     The  results  after  19  days'  incuba- 
tion are  shown  in  Table  II.' 


Table  II — Effect  of  V, 


Organisms  on  Propionic  and  Acetic  Acids 


Ratio  of 

Weight  of 

Mols.  Pro- 

Acid Found 

Acid  Destroyed 

pionic  to 

Pro- 

Pro- 

Mols. 

pionic 

Acetic 

pionic 

Acetic 

No.    iNociLATiNG  Organism 

Acetic 

G. 

G. 

% 

% 

Sterile,  average  of  three 

1.67 

0.6637 

0.3072 

9          Bacillus  subliiis 

2.09 

0.6709 

0.2606 

0 

i5;2 

10          Proteus 

2.57 

0.6596 

0.2075 

0 

32.6 

1 1          Proteus  vulgaris 

3.50 

0.6603 

0.1528 

0 

50.4 

12          -13.4 

5.67 

0.3399 

0.0488 

46.4 

84.4 

Sherman  and  Shaw  report  Lactobacillus  casei  as  a  more 
effective  accelerator  than  45-3.  This  may  be  due  only  to  the 
destructive  activity  on  both  volatile  acids  produced.  The 
results  reported  above  show  further  that  organisms  of  the 
Proleus  type  may  be  used  to  purify  propionic  acid  from  acetic 
acid,  though  the  time  factor  is  considerable. 

With  the  idea  of  nullifying  thLs  time  factor  as  much  as 
possible,  an  attempt  was  made  to  carry  on  the  fermentation 
and  purification  simultaneously.  The  results  are  shown  in 
Table  III.  Controls  are  included  for  comparison.  Culture 
62  is  the  propionic  organism;  .'i  is  Lactobacilhis  casei.  used  for 
accelerative  purposes;  llo  is  Proteus  vulgaris.  The  media 
contained  5  g.  lactose,  5  g.  calcium  carbonate,  and  1  g.  yeast. 


Table  III — Effect  of  Presence  of 

Proteus   Vulgaris 

ON  Propionic 

Fermentai 

riON 

Weight  of 

Per  cent 

Ratio  of 

Acid  Produced 

of  Theo- 

Incubating 

:   Mols  Pro 

Pro- 

retical Yield 

Inoculating 

Period 

pionic  to 

pionic     Acetic 

Pro- 

No. 

Organisms 

Days 

Mols.  Acetic      G.            G. 

pionic     Acetic 

13 

llo 

30 

Formic  and  butyric  ; 

acids  only 

14 

62 

30 

1.41 

0.4971      0.2859 

18.1     25.8 

15 

62,110 

30 

1.50 

1.3442     0.7266 

49.1      65,5 

16 

62.S 

30 

2.47 

2.3517     0.7713 

85.8     69.5 

17 

62.S,llo 

33    . 

2  09 

2.3231     0.89S8 

84.8     80.8 

18 

62 

44 

1.40 

0.5799     0.3380 

21.2     30.5 

19 

62.110 

44 

1.56 

1.4741     0.7643 

53.8     68.9 

20 

62.8 

44 

2.72 

2.43S7     0.7209 

89.0     64.9 

21 

62,S,llo 

44 

2.12 

2.3636     0.9020 

86.3     81.3 

It  will  be  seen  that  when  used  in  combination  with  other 
organisms,  Proteus  vulgaris  does  not  selectivelj'^  destroj^  acetic 
acid.  In  fact,  when  used  with  both  the  propionic  organism 
and  Lactobacillus  casei,  it  appears  to  inliibit  the  destruction 
of  acetic  acid.  E^^dently,  the  effect  an  organism  will  have 
in  mixed  cultm-e  cannot  safely  be  predicted  from  its  conduct 
in  pure  culture.  If  Proteus  is  to  be  used  for  elimination  of 
acetic  acid,  it  must  be  used  by  itself.  Incidentally,  it  may  be 
noted  that  Proteus  vulgaris  of  itself  exerts  an  accelerative 
action  on   the  propionic  fermentation. 

Comparison  of  V.vrious  Sources  of  Nitrogen — To 
compare  the  efficiency  of  4-^.4  and  Lactobacillus  casei  as 
accelerators,  and  to  determine  the  relative  utility  of  various 
sources  of  nitrogen,  a  series  of  experiments  was  run,  part  of 
the  results  from  which  are  gi\-eu  iu  Table  TV.  A  per  cent  of 
theory  jield  is  calculated  for  the  whey  cultm'es,  based  on  the 
assumption  that  100  cc.  of  whey  contains  5  g.  of  lactose.  This 
is  justifiable  for  purposes  of  comparison,  and  is  very  close  to 
fact.  The  incubation  period  in  the  experiments  reported 
was  42  days. 


T. 

.\BLE    IV— 

-Relative 

Utility  of  Vari 

[ous  Sources  of 

Nitrogen 

Ratio  of 

W'eight  of 

Per  cent  of 

Inocu-       Mols. 

Acid  Produced 

Theoretical 

Nitrogen 

lating    Propionic 

:    Pro- 

Yield 

Lactose 

Source 

Organ-   to  Mols. 

pionic 

Acetic 

Pro- 

No. 

G. 

(1  G.) 

isms       Acetic 

G, 

G. 

pionic  Acetic 

22 

5 

Peptone 

62             3.17 

1.3538 

0.3466 

49,4     31,2 

23 

5 

Yeast 

62             1 . 84 

0.7081 

0.3118 

25,8     28,1 

24 

Whey 

Whey 

62             2.12 

0.4891 

0.1S65 

17,8"    16,8° 

25 

5 

Peptone 

62.4S.4    3.17 

0.7763 

0.1989 

28.3     17,9 

26 

5 

Yeast 

62.45.4     1,70 

0.9497 

0,4522 

34,7     40,7 

27 

Whey 

Whey 

62.45. 4     2,25 

1,7612 

0.632S 

64.3"   57,0" 

28 

5 

Peptone 

62. S           2.08 

1,7705 

0,6913 

64.6     62.3 

29 

5 

Yeast 

62.S           2.16 

2,2041 

0.8260 

80.4     74.4 

30 

Whey 

Whey 

62, S           1 .  95 

2,4039 

0.9998 

87,8"  90. 1» 

a  Per    cent    of  theory  yield   calculated 

for  the 

whey  cultures  on  the 

assumption  that  100  cc.  of  whey  contains  5  g 

.  of  lacto: 

>e. 

The  table  shows  clearly  that  the  proteins  of  whey  are  more 
stimulating  to  the  mixed  cultures  than  either  peptone  or  yeast. 
Since  mixed  cultures  show  considerable  advantage  over  pure 
cultures  for  practical  use,  it  is  fortunate  that  fortification  of 
the  nitrogen  source  in  whey  is  not  necessary. 

The  choice  of  nitrogen  source  appears  consistently  to  in- 
fluence the  ratio  of  propionic  to  acetic  acid,  but  since  this 
should  come  about  only  tlirough  its  influence  on  the  destruc- 
tion of  the  volatile  acids  fii'st  produced,  and  since  all  volatile 
acid  decomposed  appears  to  be  acetic,  the  effect  may  be  dis- 
regarded for  practical  purposes.  The  difference  in  the  de- 
structive acti\ity  of  43-4  on  volatile  acids  by  itself  and  in 
mixed  culture  may  be  seen  by  a  comparison  of  data  in  Tables 
II  and  IV. 

Table  IV  shows  conclusively  that  an  accelerating  organism 
is  liigUy  desirable,  that  Lactobacillus  casei  is  a  more  effective 
accelerator  than  45-4  and  that  whey  is  better  than  an  artificial 
medium  for  the  acti\'ities  of  the  propionic  organism  plus 
LactobaciUus  casei. 

Effect  of  Lactose — Sherman  and  Shaw  have  showTi  that 
about  95  per  cent  of  the  lactose  fermented  can  be  accounted 
for  on  the  basis  of  the  Fitz  reaction*  as  propionic  and  acetic 
acids.  In  Tables  III  and  IV,  several  runs  occur  in  which 
jields  of  about  85  per  cent  ha\'e  been  obtained,  the  calculation 
being  based  on  the  tot;il  quantity  of  lactose  present.  Under 
these  conchtions,  then,  about  90  per  cent  of  the  lactose  present 
was  fermented,  wliich  is  as  much  as  may  reasonably  be  e.x- 
pected.  To  obtain  this  jdeld  at  least  a  month's  incubation 
has  been  necessary.  Wliile  this  period  is  excessive  for  practical 
production  from  crude  whey,  it  might  not  be  impractical  if  a 
whej'  containing  a  high  percentage  of  lactose  could  be  used. 
To  test  tills  possibilitj',  the  series  shown  in  Table  V  was  run. 
Cultures  were  made  up  with  crude  whey,  and  with  the  same 
whey  to  which  5  per  cent  and  10  per  cent  lactose  had  been 
added. 


Table  V— 

-Effect  < 

)F  Added  Lactose  on 

Propionic 

Fermentation 

O] 

?  Whey 

Ratio  of 
-Mols. 

Weight  of  Acid 
Produced 

Inocu- 

Incubating 

Propionic 

Pro- 

Whey 

Lactose 

lating 

Period 

to  Mols. 

pionic     Acetic 

1o.       Cc. 

G. 

Organisms 

Days 

.Acetic 

G.             G. 

n         100 

0 

62,S 

9 

2.00 

1.4595     0.5878 

S2        100 

5 

6>,S 

9 

2.33 

1.4013     0.4870 

J3        100 

10 

62,8 

9 

2.35 

0.9863-  0.3396 

U        100 

0 

62.8 

14 

2.18 

2.3118     0.8621 

J5        100 

5 

62,8 

14 

2.12 

1.6113     0.6066 

J6        100 

10 

62,8 

14 

1.97 

1.2893     0.5315 

The  results  show  that,  not  only  was  the  additional  quantity 
of  lactose  not  converted  to  volatile  acids,  but  the  increased 
concentration  of  lactose  actually  retarded  the  fermentation. 

Effect  of  Conditions  in  Cultures — In  order  to  test 
the  effect  of  conditions  in  the  inoculating  cultures  upon  the 
fermentation,  both  pm'e  and  mixed  cultures  of  the  propionic 
organism  and  Lactobacillus  casei  were  growii  for  different 
periods  before  being  used  for  inoculation  of  test  cultures  of 
whey.     The  results  are  given  in  Table  VI. 


Table  VI — Effect  of  Habituation  of  Propionic  and 

1  .\ccelerative 

Organisms  i 

ro  Each  Other 

Ratio  of 

Weight  of  Acid 

Mols. 

Produced 

Incubating 

Propionic 

Pro- 

Inoculating 

How 

Age 

Period 

to  Mols. 

pionic    Acetic 

So.  Organisms 

Grown 

Days 

Days 

Acetic 

G.          G. 

37    1%  62.1%S 

Apart 

3 

7 

1.82 

0.6573  0.2919 

38    l%d^.l%* 

.\part 

3 

2.08 

0.6560  0.2563 

39    1%  62,8 

Together 

3 

2.78 

1.5063  0.4428 

40    1%  62,8 

Together 

3 

2.25 

1.2760  0.4584 

41    iy„62,l%8 

Apart 

13 

2.23 

1,0527  0,3816 

42    1%62,1%8 

Apart 

13 

2.12 

1,1232  0,4288 

43    1%  62,8 

Together 

13 

2.13 

1,3711  0.5219 

44    1%  62,8 

Together 

13 

7 

2.33 

1,3083  0.4546 

'  U.  S,  Patent  1,430,392  (1923), 


It  appears  to  be  advantageous  to  grow  the  inoculating 
organisms  together,  especially  if  they  are  to  be  used  within 
2  or  3  days.    The  difference  in  the  potential  acti\ities  of  the 

«  Ber.,  11  (I87S;,  1890:  12  (1879),  474;  13  (ISSO),  1306, 
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Table   VII — Effect  of   Amount   of  Inoculation  on   Propionic  Fermentation 


[ncubating 
Period 


Ratio  of 
Mols.  Propionic 
to  iMoIs.  Acetic 

.23 


2.22 
2.50 
2.01 
2.46 
2.53 
2.36 
1.90 
2  15 
2.26 
2.60 


Weiglit  of  Acid  Produced 
Propionic        Acetic 


alciilated  for  tlie  whey  cultu 


0.8397 
O.OD.iS 
0.8414 
1.3226 
1.3135 
1.3099 
1 . 2980 
1.6183 
1 . 7403 
1.8S31 

nption  that  100  i 


Weight  of  Acid 
Calculated  to 
Propionic 


0.3059 
0.2943 
0.3990 
0.4366 
0.4204 
0.4487 
0..V)46 
0.6041 
0.6223 
0.5SS1 


0 ,  ,S860 
0.9330 
■  1.1319 
0.8414 
1  3922 
1 . 4.593 
1 . 6374 
1.2980 
1 . 7035 
1.9336 
2 . 3539 

lin  5  g.  of  lactose. 


Produced 
100  Cc. 
Acetic 
G. 

0.3213 
0.3400 
0.3679 
0.3990 
0.4595 
0.4671 
0.5609 
0.5546 
0.6359 
0.6914 
0.7351 


731 


Per  cent  of  Theoretical 

Yield" 

Propionic        Acetic 


32.2 
34.1 
41.3 
30.7 
50.8 
53.3 
59.7 
47.4 
62.1 
70.6 
85.9 


29.0 
30.6 
33.2 


cultures  disajipears  largely  after  about  2  wks.,  the  separately 
grown  culture.?  becoming  nearly  as  effective  as  those  grown 
together. 

Effect  of  Varying  Amounts  op  Inoculum — With  an 
organism  growing  so  slowly  as  the  propionic  bacterium,  the 
amount  of  inoculating  medium  should  have  considerable 
influence  on  the  rate  of  fermentation,  particularly  in  the  first 
10  days.  Therefore,  a  series  was  run  using  various  amounts 
of  inoculum,  other  conditions  being  the  most  favorable  which 
had  been  discovered  in  previous  series.  A  mixed  culture  of 
the  propionic  organism  and  Lactobacillus  casei  was  growi 
in  whey  for  II  days  and  then  used  for  inoculation.  The 
volatile  acid  in  the  inoculating  culture  at  the  time  of  its  use 
was  determined,  and  corrections  were  applied  to  the  results 
obtained.  The  values  in  each  experiment  were  calculated 
to  the  basis  of  100  cc.  of  whey  for  comparison.  No  correction 
could  be  determined  which  would  account  for  the  acids 
produced  after  inoculation  from  the  lactose  still  present  in 
the  inoculating  culture.  However,  since  the  quantities  of 
unfermented  lactose  present  in  the  amounts  of  inoculum 
used  must  have  been  rather  small,  the  comparison  of  results 
from  samples  incubated  the  same  length  of  time  cannot  be 
appreciably  affected.     The  results  are  showTi  in  Table  VII. 

It  is  clear  that  1  per  cent  inoculation  is  by  no  means  suffi- 
cient to  obtain  the  most  rapid  rate  of  fermentation.  In- 
creasing the  amount  of  inoculation  above  5  per  cent  shows 
only  slight  advantage.  Five  per  cent  is  undoubtedly  the 
most  practical  quantity  to  use. 

While  there  are  probably  other  effective  means  of  accelerat- 
ing the  propionic  fermentation,  they  are  mostly  factors  that 
cannot  be  handled  satisfactorily  in  the  laboratory,  but  are 
bound  up  with  the  design  and  operation  of  large-scale  equip- 
ment. Eventually,  our  minimum  time  of  12  days'  incubation 
for  an  85  per  cent  yield  could  probably  be  considerably  di- 
minished. With  the  development  of  a  demand  for  propionic 
acid,  it  should  be  possible  to  meet  it  at  a  reasonable  cost  by 
this  process. 

Ketones 

There  is  a  growing  demand  for  solvents  with  the  general 
properties  of  acetone,  but  with  higher  boiling  points  and 
lower  solubility  in  water.  For  a  long  time  acetone  has  been 
made  on  a  large  scale  by  the  distillation  of  calcium  acetate  and 
of  wood.  Within  recent  years  patents  have  been  obtained 
for  the  catalytic  conversion  of  acetic  acid  vapors  into  acetone.' 

These  methods,  applied  to  calcium  propionate  and  propionic 
acid,  respectively,  yield  diethyl  ketone,  b.  p.  102.7°  C, 
slightly  soluble  in  water.  If  a  mixture  of  acetate  and  pro- 
pionate, or  of  the  acids,  is  used,  the  product  contains  acetone, 
methylethyl  ketone,  and  diethyl  ketone.*  Methylethyl  ketone 
boUs  at  81°  C,  and  has  a  solubility  in  water  intermediate 
between  acetone  and  diethyl  ketone.    A  mixture  of  ketones, 

'  Brit.  Patent  14,085  (1915);  U.  S.  Patent  1,315,544  (1919);  U.  S. 
Patent,  1,315,525  (1919). 

•Schramm,  Ber.,  16  (1883),  1581. 


evidently  containing  chiefly  methylethyl  ketone,  is  obtained 
from  the  distiUation  of  the  calcium  salts  extracted  from  wool 
scourings.'  This  mixture  has  been  recommended  as  a  de- 
naturant  for  ethyl  alcohol. 

On  the  assumption  that  the  volatile  acids  from  the  propionic 
fermentation  exist  in  the  proportion  of  2  molecules  of  propionic 
to  1  of  acetic — which  they  closely  approximate — the  limiting 
theoretical  possibilities  in  the  ratios  of  the  constituents  of  the 
acetone  oil  obtained  therefrom  are  37.4  per  cent  diethyl 
ketone,  62.6  per  cent  methylethyl  ketone,  and  no  acetone,  on 
the  one  hand,  and  74.8  per  cent  diethyl  ketone,  no  methyl- 
ethyl ketone,  and  25.2  per  cent  acetone,  on  the  other.  Some 
combination  of  values  between  these  limits  is  to  be  expected. 

With  the  idea  of  determining  roughly  the  possibilities  of 
the  ketone  conversion  as  a  means  of  utilizing  the  product  of 
the  propionic  fermentation,  several  distillations  of  dried 
calcium  salts  were  carried  out.  The  products  in  each  case 
gave  nearly  identical  distillation  curves.  Several  attempts  to 
determine  the  proportion  of  the  components  by  chemical 
means  failed  to  give  satisfactory  differentiation  of  the  ketones. 
Finally,  repeated  fractionation  through  a  narrow  2-ft.  column 
of  beads  was  resorted  to.  The  final  distribution  of  the 
fractions  indicated  approximately  20  per  cent  acetone,  40 
per  cent  methylethyl  ketone,  and  40  per  cent  diethyl  ketone. 

Because  of  incomplete  conversion  of  the  calcium  salts  due 
to  lack  of  agitation  in  the  retorts,  and  because  of  frequent 
cracking  of  the  retorts,  no  reliable  yield  data  were  obtained. 
With  continuous  operation,  there  is  no  doubt  that  as  satis- 
factory yields  can  be  secured  as  are  obtained  in  calcium  ace- 
tate distillation. 

It  is  advisable  to  distil  off  the  volatile  acids  from  the 
fermentation  mix-ture  and  to  reconvert  to  calcium  salts 
before  the  dry  distillation.  Distillation  of  the  evaporated 
fermentation  mixture  without  previous  purification  gives 
considerable  quantities  of  evil  smelhng  protein  decomposition 
products  that  are  difficult  to  eliminate  satisfactorily  in  the 
subsequent  fractionation. 

9  .A.,  and  p.  Buisine,  Comp.  rend..  128    (1889),  561. 


Frank  Cummings  Cook 

Frank  Cummings  Cook,  M.A.,  M.S.,  Yale;  Ph.D.,  George 
Washington,  died  in  Dallas,  Texas,  on  June  19,  after  an  operation 
for  appendicitis. 

Since  leaving  Yale  in  1904,  Dr.  Cook  had  been  connected 
with  the  Bureau  of  Chemistry,  U.  S.  Department  of  Agriculture. 
At  the  time  of  his  death,  he  was  engaged  in  special  research  work 
on  the  control  of  insects  infesting  live  stock,  and  was  temporarily 
located  at  Dallas,  Texas.  He  was  a  member  of  the  American 
Chemical  Society,  the  Association  of  Official  Agricultural  Chem- 
ists, the  Society  of  Biological  Chemists,  the  Washington  Academy 
of  Sciences,  and  was  a  delegate  to  the  International  Congress  of 
Applied  Chemistry  at  Rome,  1906,  and  at  London,  1909.  He 
was  the  author  of  numerous  papers  and  bulletins  on  food  metabo- 
lism, enzymes,  insecticides,  fungicides,  and  related  subjects. 

Dr.  Cook  had  a  host  of  friends  in  the  chemical  fraternity,  by 
whom  his  untimely  death  will  be  keenly  felt.  He  is  survived  by 
a  wife  and  one  son. 
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Methyl  Anthranilate  in   Grape  Beverages  and  Flavors' 

By  R.  D.  Scott 


Ohio  State  Department  of  Health.  Coh-mbus.  Ohio 


IX  THE  EXAMINATION  .soft  drinks  and  concentrated 
fruit  flavors  the  determination  of  methyl  anthranilate, 
CcHi .  NH. .  COOCH3,  is  of  unusual  value'.  WhOe  found 
chiefly  in  grape-type  products,  this  ester  is  unique  in  being 
susceptible  of  exact  determination,  even  when  present  in 
high  dihition.  Its  natural  occurrence  is  described  by  GQde- 
meister,'  who  states  that  "it  was  discovered  in  lS95by\Yal- 
baum  in  neroli  oil  and  has  since  been  found  in  the  oils  of 
tuberose,  ****  ylang-ylang,  Spanish  orange  blossoms,  sweet 
orange  rind,  ****  bergamot  leaves,  jasmin  flowers  and  gar- 
denia." He  also  infers  its  presence,  by  the  odor,  in  certain 
species  of  apples. 

8oft-drink  flavors  are  frecjuently  submitted  to  food  control 
officials  to  secure  a  decision  on  the  conformity  of  their  labels 
to  law,  which  means  e.ssentially  whether  they  are  true  fruit 
or  imitation  products.  In  such  cases  it  is  feasible  to  as- 
certain the  nature  of  the  grape  flavor  in  the  lot  submitted 
by  determining  its  methyl  anthranilate  content,  while  it 
may  be  impossible  to  decide  with  certaintj'  that  the  other 
fruit  flavors  are  or  are  not  true  products. 

Literature  on  the  estimation  of  the  ester  is  not  extensive. 
Power'  re\dews  the  pre\'ious  work  on  the  subject  and  out- 
lines a  colorimetric  metiiod  based  on  the  work  of  Erdmann,^ 
whose  method  seems  best  adapted,  in  principle,  for  its  esti- 
mation in  the  products  mentioned  above.  Briefl}',  Erd- 
mann's  method  is  as  follows:  The  diazotized  solution  of 
methyl  anthranilate  is  run  from  a  buret  into  a  standard 
alkaline  solution  of  j3-naphthol.  From  time  to  time  the 
precipitated  red  dye  is  filtered  off  and  a  portion  of  the  filtrate 
is  tested  with  more  of  the  diazotized  ester  solution  until  no 
further  precipitation  occurs.  The  reactions  involved  may 
be  expressed: 

CsHj.NHj.COOCH,  -1-  NaNO,  +  2HC1  = 
C6H,.N.CI.COOH,  +  NaCl  +  2H2O  (1) 

CeHi.N.Cl.COOH^    +  CoHt.OH   +  NaOH   = 

CeHi.COOHa.NiN.CioHsOH  -|-  NaCI  +  H2O  (2) 

EXPEE1MEXT.\L 

In  the  apphcation  of  Erdmann's  method  it  was  found  that 

(1)  concordant  results  could  be  obtained  only  when  the 
amount  of  alkali  present  was  carefuUy  adjusted  to  be  equal 
to,  or  but  slightly  in  excess  of,  that  required  by  theory; 

(2)  approximately  5  per  cent  more  than  the  theoretical 
amount  of  diazotized  meth3'l  anthranilate  was  required  to 
combine  with  a  given  amount  of  /3-naphthol,  but  on  sub- 
stituting a-naphthol  nearly  the  theoretical  amount  was 
required ;  (3)  with  either  a-  or  /3-naphthol  excessive  amounts 
of  methyl  antliranilate  were  required  if  the  time  of  diazo- 
tization  was  long  continued:  (4)  definite  end-points  could 
be  obtained  onlj-  with  fairly  strong  solutions  of  methyl 
anthranilate,  0.5  g.  being  the  minimum  amount  which  could 
be  titrated  with  accuracy;  and  (5)  titration  is  tedious  and 
time  consuming. 

It  was  thought  that  a  gravimetric  method  might  be  more 

<  Received  October  23,   1922. 

'  "The  Volatile  Oils,'  2nd  Ed..  Vol.  1. 
>  J.  Am.  Chem.  Soc,  43  (1921),  377. 

<  Ber  ,  35  (1902),  24. 


satisfactory,  and  a  study  of  the  various  factors  influencing 
the  reactions  was  made. 

Purification  of  Reagents — The  methyl  anthranilate 
used  was  that  ordinarily  suppUed  to  extract  manufacturers. 
It  was  in  the  form  of  large,  colorless  crystals,  melting  readily 
to  a  straw-colored  liquid.  A  quantity  was  dissolved  in  ether, 
concentrated  hydrochloric  acid  solution  was  added,  and  the 
hydrochloride  which  immediately  precipitated  was  filtered 
off  with  suction  and  washed  twice  with  ether.  After  solu- 
tion in  absolute  methanol,  the  hydrochloride  was  reprecip- 
itated  with  ether,  filtered,  washed  with  ether,  and  neu- 
traUzed  with  sodium  carbonate  solution.  The  liberated 
ester  was  washed  with  water  in  a  separatorj'  funnel,  drawn 
off,  dried  with  ignited  potassium  carbonate,  and  filtered. 
This  purified  ester  melted  to  a  colorless  liquid  at  25°  C. 
The  a-  and  /3-naphthols  used  were  the  C.  P.  grades,  further 
purified  by  subUming  in  large  covered  beakers,  over  a  water 
bath,  for  3  or  4  days. 

Solubility  of  Dye — The  solubihty  of  the  dye  in  water 
was  first  studied.  A  quantity  was  precipitated  and  washed 
repeatedly  with  water  to  remove  soluble  salts.  The  evaporated 
residue  from  100  cc.  of  the  aqueous  solution,  saturated  at 
25°  C,  weighed  0.0011  g.  The  solubility  in  alkalies  was  then 
noted.  Portions  of  0.05  g.  of  the  powdered  dye  were  treated 
with  10  cc.  of  normal  solutions  of  sodium  hydroxide,  sodium 
carbonate,  and  sodium  bicarbonate.  After  .shaking  at  inter- 
vals for  3  days,  each  solution  was  filtered  through  Gooch 
crucibles,  washed,  dried,  and  weighed.  The  loss  in  weight 
was  0.0130,  0.0036,  and  0.0010  g.,  with  sodium  hydroxide, 
sodium  carbonate,  and  sodium  bicarbonate,  respectively. 
These  results  indicate  that  the  solubility  of  the  dye  in- 
creases as  the  hydroxji-ion  concentration  increases  and 
that  sodium  bicarbonate  is  the  most  suitable  alkah  to  use 
in  order  that  the  solubihty  error  maj'  be  low.  It  is  ])ointed 
out  by  Mathewson^  that  a  similar  dye,  diazotized  methyl 
anthi-anUate  coupled  with  a-naphtholsulfonate,  is  gradually 
saponified  in  sodium  carbonate  solution.  The  alkaline  solu- 
tion used  by  Erdmann  and  by  Power  was  a  mixture  of  .sodium 
hydroxide  and  sodium  carbonate,  sodium  hydroxide  being 
used  to  effect  solution  of  |3-naphthol.  This,  however,  intro- 
duces an  undesirable  variable  concentration  of  the  alkali  in 
the  solution  precipitated.  A  0.2  per  cent  solution  of  either 
a-  or  /3-naphthol  in  30  per  cent  ethyl  alcohol  was  stable. 
Accordingly,  this  alcohohc  naphthol  solution  was  substituted. 
Time  of  Di.\zotiz.\tion — 1.5582  g.  of  methyl  anthranilate 
were  dissolved  in  250  cc.  of  ethyl  alcohol.  Ahquots  of  5  cc. 
or  0.03116  g.  were  made  up  to  100  cc.  with  water  and  diazo- 
tized with  2  cc.  of  N  hydrochloric  acid  and  1  cc.  of  5  per 
cent  sodium  nitrite.  At  intervals  the  diazotized  samples 
were  poured  into  beakers  containing  20  cc.  of  0.2  per  cent 
alcohohc  |3-naphthol  and  3  cc.  of  N  sodium  bicarbonate. 
After  standing  over  night,  the  precipitates  were  filtered 
through  weighed  Gooch  crucibles,  washed  with  50  cc.  of 
water,  and  dried  at  100°  C.  for  2  hrs.  Weights  in  grams  of 
precipitates  from  solutions  diazotized  as  noted  were:  10 
sec,  0.0592;  30  sec,  0.0594;  1  mm.,  0.0594;  10  min.,  0.0588; 
1  hr.,  0.0560;  5  hrs.,  0.0496;  20  hrs.,  none.    Theory,  0.0631  g. 

'  J.  Assof.  Ojncial  Agr.  Chem  .  6  (1922),  16. 
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Erdmann  allowed  10  min.  for  diazotization,  but  1  miii. 
appears  sufficient.  The  time  should  not  be  too  long,  as 
the  diazo  compound  is  gradually  hydrolyzed  to  methyl  sali- 
cylate. 

Results  with  a-  and  j3-Naphthols — Aliquots  of  0.03116 
g.  from  the  solution  of  methyl  anthranilate  were  taken, 
diazotized  for  1  min.,  and  poured  into  varying  quantities 
of  0.2  per  cent  a-  and  /3-naphthol  solutions  in  30  per  cent 
ethyl  alcohol,  adding  sodium  bicarbonate  solution  in  50 
per  cent  excess.  Weights  in  grams  of  precipitates  with 
volumes  of  |3-naphthol  were  as  follows:  1.5  cc,  or  calculated 
amount,  0.0580;  22.5  cc,  0.0588;  30  cc,  0.0584;  60  cc, 
0.0560.  The  results  with  a-naphthol  were:  15  cc,  or  calcu- 
lated amount,  0.0610;  22.5  cc,  0.0628;  30  cc,  0.0628;  60  cc, 
0.0582.  Theory,  0.0031  g.  While  low  results  were  obtained 
with  /3-naphthol,  the  results  with  a-naphthol  were  close 
to  theory.  Precipitation  with  a-naphthol  took  place  very 
quickly,  the  light,  bulky  precipitate  rising  to  the  surface. 
With  /3-naphthol  several  hours  are  necessary  for  complete 
precipitation. 

Results  with  Various  Alkalies — To  study  in  greater 
detail  the  action  of  different  alkalies,  the  following  series 
was  run:  Aliquots  of  0.0324  g.  of  an  alcohohc  solution  of 
methyl  anthranilate  were  made  up  to  200  cc  with  water, 
diazotized  for  1  min.  with  5  cc.  of  N  hydrocliloric  acid  and 
2  cc.  of  5  per  cent  of  sodium  nitrite  solution,  and  poured  into 
beakers  containing  20  cc.  of  0.2  per  cent  solution  of  a-naphthol 
in  30  per  cent  ethyl  alcohol,  plus  volumes  of  alkali  noted. 
The  weights  of  the  precipitates  thus  obtained  are  given 
in  Table  I. 


Table  I- 

-Weigi 

BTs  OF  Precipitates  (Ti 

lEORY.  0.0656  G.) 

Normal  Alkali 
Cc. 

NaOH 
G. 

Na,COi 
G. 

NaHCOs 
G. 

5 

7.5 
10 
20 

0.0602 
0.0540 
0.031S 
0.0130 

0.0634 
0.0622 
0.0592 
0.0480 

0.0652 
0.0648 
0.0624 
0.0588 

The  results  with  sodium  bicarbonate  as  alkali  are  near 
theory.  A  moderate  excess  did  not  greatly  lower  the  yield 
of  precipitate. 

Colorimetric  Method — For  colorimetric  estimation  of 
the  ester,  sodium  hydroxide  is  the  more  suitable  alkali, 
since,  owing  to  its  greater  solvent  action,  higher  concen- 
trations of  the  dye  remain  in  solution.  While  either  of  the 
najihthols  gives  a  good  color  series,  the  colors  produced  when 
the  alpha  form  is  used  are  very  much  deeper.  The  follow- 
ing quantities  of  methyl  anthranilate  form  a  satisfactory 
series  of  standards:  blank,  0.000005,  0.00001,  0.000025, 
0.00005,  0.0001,  0.00015,  and  0.00025  g.  These  quan- 
tities diazotized  for  30  sec.  in  100  cc.  with  1  cc.  of  N 
hj'drochloric  acid  and  0.5  cc  of  5  per  cent  sodium  nitrite  are 
poured  into  Nessler  jars  containing  0.5  cc.  of  2  per  cent 
alcoholic  a-naphthol  solution  and  3  cc.  of  A^  sodium  nitrite. 
The  maximum  color  develops  within  15  min.  and  remains 
constant  for  several  hours.  A  very  slight  color  change 
occurs  in  the  blank  tube,  but  the  difference  between  it  and 
the  tube  containing  0.000005  g.  of  the  ester  is  pronounced. 
Amounts  over  0.00025  g.  produce  colors  rather  too  deep  to 
be  satisfactorily  compared. 

Examination   of  Commercial   Products 

The  methods  developed  were  applied  in  the  examination 
of  grape  juices,  grape  "pops"  or  bottled  soft  drinks  arti- 
ficially colored  and  flavored,  and  concentrated  "grape" 
extracts  used  in  compounding  pops.  The  results  are  shown 
in  Table  II. 

Grape  Juices — Having  determined,  by  collecting  a  series 
of  distillates  from  500-cc.  samples,  that  practically  all  the 
ester  was  carried  over  in  tjie  first  500-cc,  this  volume  was 


in  each  case  steam-distDled,  using  a  mercury  seal  and  cooling 
the  receiving  flask  in  ice  water.  A  100-cc  ahquot  of  the 
distillate  was  treated  and  compared  with  a  series  of  methyl 
anthranilate  standards  as  described  in  the  preceding  para- 
graph. The  samples  examined  were  believed  to  be  pure. 
Eight  brands  of  Concord  juice  contained  from  0.80  to  1.49 
parts  per  miOion,  and  four  brands  of  Catawba  juice  contained 
from  0.11  to  0.40  part  per  mOlion  of  the  ester.  Power  and 
Chestnuf*  found  that  methyl  anthranilate  contents  did  not 
exceed  2  and  0.2  part  per  million  with  Concord  and  Ught- 
colored  juices,  respectivelj'. 


-Methyl    Anthranilate    Content    of    Commercal    Grape 
Products 

APE  JuicES^^ •  Concentrated 

. Pops Extracts 

.  Ser.  No.  P  p  m.  Ser.  No.  G.  per  100  cc. 
8964 


Concord 
Brand  P.  p.  m. 

Catawba 
Brand     P.  p.  m 

P          1.49 
RP          1  42 
VK          1.46 
W           I.IS 

WS          0.40 
BS         0   13 

A         0    11 
M         0  OS 

5B 


17  0 


8632 
B 


0.342 
0.270 


B-1 

0.320 

B-2 

0.513 

B  3 

0.477 

B-4 

0.510 

Grape  Pops — One  hundred  cubic  centimeter  volumes 
were  steam-distilled  to  500  cc,  and  100-cc.  or  50-cc.  aliquots 
of  the  distillate  were  taken  for  colorimetric  estimation. 

Artificial  Grape  Concentrated  Extracts — After  pre- 
liminary study,  the  following  method  was  applied:  25  cc, 
of  sample  were  diluted  to  100  cc  and  steam-distilled  to  500' 
cc,  using  a  mercury  seal  and  cooUng  the  receiving  flask  ia 
ice  water.  An  aliquot  of  200  cc  was  diazotized  for  1  min. 
with  5  cc.  of  A'^  hydrochloric  acid  and  2  cc.  of  5  per  cent, 
sodium  nitrite  solution.  The  diazotized  solution  was  poured 
into  25  cc.  of  0.2  per  cent  solution  of  a-naphthol  in  30  per 
cent  ethyl  alcohol,  and  6  cc.  of  A'^  sodium  bicarbonate.  After 
10  min.  the  precipitate  was  filtered  on  a  30-cc.  weighed  Gooch 
crucible,  washed  with  100  cc.  of  water,  dried  at  100°  C.  for 
2  hrs.,  and  weighed.  Weight  precipitate  times  0 .  4935  equals 
weight  of  methyl  anthranilate. 

«  J.  ,1)«.  Chem.  Soc,  43  (1921),  1741. 


Meeting  of  Stamford  Chemical  Society 

The  Stamford  Chemical  Society  held  its  May  meeting  on  the 
28th  at  the  Suburban  Club,  where  about  fifty  men  attended  the 
dinner  which  preceded  the  evening  program.  Of  these  at  least 
20  per  cent  were  business  men  and  the  gathering  was  especially 
honored  by  the  presence  of  Hon.  Schuyler  Merritt,  U.  S.  Con- 
gressman of  the  district.  R.  H.  Stevens,  president  of  the  society, 
presided,  and  described  the  work  of  the  society  during  the  year. 
He  introduced  H.  W.  Banks,  3rd,  who  had  been  elected  the 
next  president.  Mr.  Banks  spoke  of  his  special  interests  in 
the  coming  work  of  the  society  and  introduced  Charles  Wads- 
worth,  3rd,  who  acted  as  toastmaster.  Mr.  Wadsworth  pre- 
sented the  Hon.  Schuyler  Merritt,  who  spoke  on  the  lack  of 
appreciation  of  chemistry  during  the  last  few  years  and  referred 
to  his  own  brief  contact  with  the  science  in  college  days.  He 
paid  an  extended  tribute  to  the  war  activity  of  chemists.  He 
spoke  at  length  of  the  need  of  science  for  world  progress  and 
emphasized  his  belief  that  science  quickened  and  illuminated 
by  religion  will  make  possible  the  solution  of  present-day 
difficulties. 

F.  H.  Getraan  then  described  the  work  of  the  educational 
committee,  which  will  soon  award  the  prize  of  ten  dollars  for 
the  best  essay  on  chemistry  in  everyday  life,  common  chemicals 
in  the  home,  or  chemistry  in  our  local  industries,  submitted  by 
high-school  students  in  Stamford.  Following  out  the  suggestion 
that  chemists  cooperate  in  carrying  the  message  of  chemistry 
to  American  women  along  the  lines  outlined  in  the  Plea  to  Amer- 
ican Women,  the  Committee  on  Education  has  been  in  communi- 
cation with  the  Stamford  Women's  Club,  and  arrangements 
have  been  made  to  include  at  least  one  address  on  chemistry 
during  the  next  season. 

The  final  speaker  of  the  evening  was  H.  E.  Howe,  who  spoke 
on  "Factors  in  Scientific  Progress,"  stressing  the  importance 
of  organization  as  one  of  the  outstanding  requirements  in  further- 
ing .scientific  work. 
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Automatic  Fractionating  Columns' 

By  Wm.  A.  Peters,  Jr. 

E.  I.  Du  Pont  de  Nemours  &  Co.,  Wilmington,  Deu. 


THE  first  fractional  distillations  were  carried  out  in 
batch  stills,  and  the  operation  required  careful  watch- 
ing at  all  times  and  repeated  distillations  to  obtain  a 
high  degree  of  separation.  Later,  the  continuous  rectifier  was 
developed  for  certain  fractionations  and,  since  the  rectifier 
might  be  regarded  as  a  series  of  small  stills  operating  simul- 
taneously, the  labor  required  for  a  given  output  was  consid- 
erably reduced. 

If  the  composition  of  the  feed  and  all  other  conditions  were 
maintained  absolutely  constant,  it  might  be  possible  to  run  a 
continuous  rectifier  indefinitely  without  any  attention  and 
obtain  a  satisfactory  product.  The  important  detaOs  of  such 
a  rectifier  for  separating  alcohol  and  water  are  shown  in  Fig. 
1.  The  divisions  shown  in  the  column  represent  theoretical 
plates.-  A  theoretical  plate  is  defined  as  one  on  which  the 
liquid  covering  it  is  of  the  same  composition  throughout, 
while  all  the  vapor  rising  from  it  is  in  equilibrium  with  this 
liquid.  It  therefore  represents  a  certain  height  of  column 
rather  than  one  or  more  actual  plates  of  a  plate  column,  and 
this  same  conception  can  be  apphed  equally  well  to  a  packed 
column.  In  fact,  all  our  small  automatic  columns  are  packed 
with  glass  rings,  a  type,  of  construction  that  is  much  cheaper 
than  the  plate  column  for  the  smaller  units.  It  will  be  noted 
that  the  steam  supply  is  controlled  by  a  float  operating  from 
the  pressure  at  the  base  of  the  column  so  that  this  pressure 
is  maintained  constant. 

>  Presented  before  the  loth  Semiannual  Meeting  of  the  American  In- 
stitute of  Chemical  Engineers,  Wilmington,  Del  ,  June  20  to  23,  1923. 
sThis  JotiRNAL,  16  (1923),  402. 


It  would  be  easy  to  maintain  both  the  feed  and  the  draw- 
off  constant,  but  the  composition  of  the  feed  might  vary. 
If,  with  constant  feed,  the  amount  of  alcohol  in  the  feed  is 
increased,  the  liquid  and  vapor  on  the  plates  of  the  column 
wiU  become  richer  in  alcohol,  and  since  a  richer  Liquid  in  the 
column  gives  more  back  pressure  for  a  given  steam  supply  to 
the  base,  the  steam  will  be  cut  down  and  the  rectifier  will 
operate  as  shown  in  Fig.  2  untU  the  feed  is  checked.  Not 
only  will  the  distillate  be  poorer  alcohol,  but  all  the  excess 
alcohol  in  the  feed  will  be  lost  in  the  slop. 

The  operation  of  the  column  can  be  made  fully  automatic 
in  several  ways,  so  that  such  changes  in  feed  composition  will 
be  taken  care  of.  One  method  is  shown  in  Fig.  3.  Here  a 
double  wier  is  placed  in  the  distillate  Line  so  that  the  ratio  of 
distillate  withdrawn  to  distillate  returned  to  the  column  as 
reflux  remains  constant  (0.408  to  1  in  tins  case),  and  a  thermo- 
static control  is  put  on  the  steam  supply  to  maintain  a  given 
temperature  at  some  point  in  the  column.  The  feed  is  con- 
trolled by  a  float  operated  from  the  base  of  the  column.  This 
method  of  control  insures  that  as  long  as  sufficient  feed  is 
avaUable  it  mil  be  supphed  at  the  maximum  allowable  rate. 
Of  course,  if  less  is  available  it  will  simply  run  to  the  column  as 
supphed. 

After  the  column  has  come  to  equilibrium  under  the  condi- 
tions given  in  Fig.  3  (same  feed  and  steam  supply  as  shown  in 
Fig.  1),  let  the  amount  of  alcohol  in  the  feed  be  increased  to 
15  per  cent.  The  first  effect  vnll  be  an  enrichment  of  alcohol 
on  the  plates  near  the  feed  plate.  Tliis  wiU  cause  the  tem- 
perature at  the  thermostat  to  drop  and  more  steam  will  be 


Figures  om  PLJ(Te& 
Plate 


Fig.  1 — St.andard  Continuous  Rectifier 


Fig.  2 — St.\nd-\rd  Continuous  Rectifi^  ' 


Excess  .Alcohol  in  Feed 
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Feed  CopiTRoLLto  Bt  Float 


Fig.  4 — Automatic  Rectifier 


admitted  to  the  column.  But  it  will  also  cause  the  pressure 
at  the  base  of  the  column  to  rise,  which  will  raise  the  float 
regulator  and  reduce  the  feed.  Although  the  feed  is  richer, 
the  column  will  not  handle  a  greater  amount  of  alcohol  for 
the  same  back  pressure  at  the  base,  since  it  should  already  be 
worldng  very  nearly  to  capacity  at  the  top  plates  where  the 
liquid  and  vapor  are  rich  in  alcohol.  A  very  slight  increase 
in  steam  will  therefore  start  the  column  to  load  near  the  top 
and  run  the  pressure  up  at  the  base.  Hence,  when  a  balance 
is  finally  reached,  the  conditions  in  the  upper  part  of  the  col- 
unui  will  be  almost  exactly  the  same  as  before  the  feed  was 
changed.  The  conditions  in  the  lower  part  of  the  column 
will  be  shown  as  in  Fig.  4. 

If  the  alcohol  in  the  feed  is  reduced  to  5  per  cent,  the  column 
will  no  longer  deliver  109.2  lbs.  of  distillate,  since  a  much  larger 
amount  of  steam  is  required  to  heat  the  feed.  This  will 
cause  an  increase  of  back  pressure  in  the  lower  section  of 
the  column.  When  equilibrium  is  finally  reached,  we  may  be 
getting  about  100  lbs.  of  distillate  from  18.50  lbs.  of  feed.  The 
slop  will  run  0.21  per  cent  alcohol.  In  case  it  is  necessary  to 
take  care  of  sucli  wide  variations  of  feed,  a  small  addition  can 
be  made  to  the  bottom  of  the  column.  The  equivalent  of 
five  extra  theoretical  plates  below  the  feed  plate  will  bring 
the  slop  down  to  0.01  per  cent  in  this  case. 

It  is  seen  that  by  maintaining  the  ratio  of  reflux  to  distil- 
late constant,  the  composition  of  the  distillate  will  be  ab- 
solutely independent  of  the  composition  of  the  feed.  The 
automatic  rectifier  will  work  just  as  well  on  many  other 
mixtures,  such  as  alcohol  and  acetone,  acetone  and  water, 
ammonia  and  water,  and  it  will  work  nearly  as  well  on  any 
mixture  of  two  liquids.  It  has  also  been  arranged  to  make 
separations  of  mixtures  containing  more  than  two  compo- 
nents. 

Variations  of  this  arrangement  have  been  used.  For 
example,  where  it  was  required  to  keep  a  given  amount  of 
distillate  on  hand,  the  feed  was  controlled  by  the  level  of 
distillate  in  a  storage  reservoir.  One  of  these  units  has  oper- 
ated for  over  two  months  without  any  attention  whatever. 

Patent  applications  covering  this  rectifier  have  been  made. 


The  Collapse  of  the  Autoclave' 

By  W.  P.  Mason 

Rensseeaer  Polytechnic  Institute,  Troy,  N.  Y. 

This  photograph  explains  itself  and  shows  what  can  happen 
to  a  brass,  cylindrical  autoclave  (about  15  x  25  in.),  when  a 
vacuum  is  formed  after  steam  condensation  takes  place. 
This  particular  apparatus  has  been  in  use  for  several  years. 
It  collapsed  only  re- 
cently. 

After' having  been 
heated  to  15  lbs.  foi- 
15min.,  the  gas  flame 
was  turned  out  and 
the  autoclave  was  al- 
lowed to  cool  without 
opening  the  relief 
valve.  It  is  true  that 
if  the  valve  had  been 
shghtly  opened  this 
collapse  would  not 
have  occurred,  but  it 
is  not  safe  to  depend 
upon  the  studeni 
slowly  opening  the 
valve,  and  if  it  is 
opened  suddenly  the 
cotton  plugs  will  be 
blown  out  of  the  ves- 
sels within  the  auto- 
clave. 

The  design  is  at  fault.  There  should  be  a  sufliciently 
strong  band  around  the  middle  of  the  cylinder  to  permit  its 
withstanding  a  reversed  pressure  when  the  steam  condenses. 

1  Received  May  11,  1923. 
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The  Use  of  Lime  in  the  Glue  and  Gelatin  Industry' 


By  Robert  H.  Bogue 
Lafayette  College,  Easton,  Pa 


TO  UNDERSTAND  properly  the  function  of  lime,  it  is 
necessary  to  point  out  briefly  the  several  steps  in  glue 
and  gelatin  manufacture.  Several  types  of  raw 
stock  are  used,  which  include  hide  pieces  and  trimmings 
from  the  tanner  or  the  packer:  flesliings,  which  consist  of 
the  under  layer  of  the  hides  and  are  made  up  of  loosely 
packed  fibers  of  skin  substance,  fat  cells,  and  thin  muscles 
attached  to  the  skin;  sinews  or  tendons  and  connective 
tissue;  ossein,  which  is  the  organic  portion  of  bones  left 
behind  when  the  mineral  matter  is  dissolved  out  with  acids; 
and  bones.  All  of  these  wth  the  exception  of  untreated 
bones  are  conveniently  grouped  together  as  hide  stock. 
Since  bones  do  not  receive  a  lime  treatment,  they  will  be  omit- 
ted from  the  discussion. 

The  hide  stock  is  first  washed  to  remove  dirt  and  salt  or 
other  preserv-ing  material  that  may  have  been  added,  and 
shredded  to  bring  a  greater  surface  exposure  to  the  reagents 
employed  later.  This  material  is  then  allowed  to  stand  in 
vats  vnih.  a   suspension  of  lime    (water-slaked)   in  water. 

After  about  two  weeks  the  stock  is  forked  out  and  a  fresh 
suspension  of  lime  in  water  is  added.  After  two  or  three 
such  treatments  the  stock  will  have  attained  a  plump, 
uniformly  swoUen  condition,  and  it  is  then  removed  and 
washed,  first  with  water  and  subsequently  with  a  dilute 
acid  solution  to  neutraUze  the  excess  of  Ume.  The  neutral- 
ized stock  is  placed  in  a  large,  open  tank,  with  water  and  steam 
admitted  below  a  false  bottom  until  the  mixture  has  attained 
a  temperature  of  80°  C.  or  higher.  This  operation,  kno^ii 
as  the  boihng  process,  brings  about  an  extraction  of  the  gela- 
tin. The  Uquor  is  run  off  after  a  few  hours,  and  the  boihng 
repeated  a  number  of  times  w^th  fresh  lots  of  water. 

The  Uquors  may  then  be  filtered  or  clarified,  and,  being  too 
thin  to  gel  well,  are  concentrated  in  vacuo  and  allowed  to 
form  a  jelly,  after  wliich  they  are  dried  and  ground  as  desired. 

Changes  Beought  .\bout  by  the  Lime 

The  most  ob\aous  changes  that  have  been  induced  by  the 
liming  operation  are  the  greatly  increased  volume  and  the 
loosening  of  the  hair.  The  hide  pieces  have  increased  to 
several  times  their  original  cross  section,  and  have  taken  on  a 
firm,  rigid  appearance.  If  the  hair  has  not  actually  fallen 
off  during  the  hme  treatment,  it  ^\all  be  found  to  be  held  so 
loosely  that  a  gentle  rubbing  'Rith  the  fingers  ^^-ill  suffice  to 
•remove  it. 

Perhaps  less  obvious,  but  of  more  importance,  are  the  chem- 
ical changes  involved.  If  raw  hide  pieces  were  heated  -nith 
water,  solution  would  be  effected  very  slowly  unless  a  temper- 
ature above  100°  C.  (under  pressure)  were  used.  But  gel- 
atin, the  constituent  of  glue  wliich  gives  it  the  power  to  form 
a  jelly  and  upon  wliich  adhesiveness  seems  to  depend,  is  a 
heat-sensitive  substance,  and  when  exposed  to  high  tempera- 
tures rapidly  undergoes  a  decomposition,  breaking  up  into 
constituents  wliich  have  very  little  or  no  value  as  jelly 
producers  or  adhesives.  As  a  result  of  the  hme  treatment, 
however,  the  hide  pieces  are  enabled  to  pass  into  solution  by 
only  a  moderate  heat  treatment  wdth  water,  and  the  valu- 
able properties  of  the  gelatin  are  preserved. 

Just  how  the  lime  functions  to  bring  about  this  result  is 
not  yet  altogether  clear,  but  it  seems  that  the  alkaline  solu- 

'  Received  October  9,  1922. 


tion  induces  a  loosening  and  separation  of  the  fibers  in  the 
hide.  When  these  are  packed  tightly,  as  in  untreated  skin, 
they  present  a  limited  surface  exposure,  but  the  distension 
produoed  by  the  lime  offers  a  greater  surface  exposure  and 
consequently  permits  a  greater  rapidity  of  solution. 

Alk.\li  Coxcextr.\tion 

This  plumping  action  appears  to  be  due  to  a  particular 
concentration  of  hydroxyl  ions  or  alkaU.  If  portions  of  a 
neutral  hide  are  immersed  in  water  containing  increasing 
amounts  of  alkali  or  of  acid,  the  hide  swells  more  as  larger 
amounts  of  alkali  or  acid  are  added  (there  is  at  first  a  sUght 
decrease  in  volume  on  adding  acid)  until  a  certain  maximum 
of  swelhng  is  attained,  and  if  still  more  alkali  or  acid  are 
added  lieyond  this  point,  the  swelling  becomes  less  and  solu- 
tion takes  place.  The  alkahnity  of  a  saturated  solution  of 
hme  is  very  close  to  that  alkahnitj'  at  which  maximum  swell- 
ing occurs. 

But  if  only  a  saturated  solution  of  hme  in  water  is  added 
and  the  alkalinity  of  the  solution  is  tested  at  regular  inten'als 
after  introducing  the  liide  pieces,  it  very  rapidly  becomes  less 
aUcahne,  and  is  soon  almost  neutral.  This  would  also  be  the 
case  with  any  other  alkaUne  or  acid  substance,  and  is  due  to 
the  abihty  of  the  hide  to  absorb  or  react  with  hydroxyl  or 
hydrogen  ions,  respectively.  By  using  a  suspension  of  the 
hme  in  water  tliis  difficultj'  is  overcome,  for  a  suspension  is 
merely  a  saturated  solution  plus  an  excess  of  the  undissolved 
sohd.  As  rapidly  as  the  hydroxyl  ions  are  removed  by  the 
hide,  just  so  rapidly  -will  the  undissolved  lime  pass  into  solu- 
tion. By  this  means  the  alkalinity  of  the  mix-ture  is  automat- 
ically held  constant.  It  is  this  property  of  a  nearly  foolproof 
and  automaticaUy  controlled  alkalinity  that  makes  lime  better 
than  most  other  reagents  for  this  service. 

SOLX-EXT  ACTIOX  OF  Ll.ME 

Besides  coUagen,  which  is  converted  into  gelatin  by  heat- 
ing in  water,  glue  stock  contains  several  other  proteins  that 
have  no  value  whatsoever  in  glue.  Elastin  is  found  in  the 
connective  tissue,  mucin  is  found  in  cartilage,  keratin  is  con- 
tained in  hair,  and  albumins  are  always  present.  If  these 
substances  were  allowed  to  be  cooked  with  the  stock,  the  prod- 
uct would  be  weakened  and  would  also  give  a  glue  that  was 
turbid,  muddy,  or  opaque.  These  proteins,  especially  the 
albumin  and  mucin,  are  soluble  in  alkahne  solutions,  and  so 
are  cUssolved  out  of  the  stock  by  the  Ume.  Acids  would  not 
effect  such  solution.  Here  again  the  hme  is  particularly  well 
adapted  for  the  purpose,  as  solutions  of  stronger  alkahnity 
would  dissolve  also  increasing  amounts  of  the  coUagen  and 
solutions  of  weaker  alkahnity  would  not  be  effective  in  dis- 
soh-ing  even  the  albumins  or  mucins. 

As  the  albumins  and  elastm  are  attacked  by  the  lime  the 
roots  of  the  hair  become  loosened,  for  they  are  embedded 
directly  in  the  layer  of  elastin  below  the  epidermis.  The  hair, 
having  no  longer  any  support,  falls  out  or  is  easily  rubbed  off. 
Some  of  the  fat  of  the  stock  is  also  acted  upon  by  the  lime, 
forming  insoluble  lime  soaps  that  should  be  removed  in  the 
washing  process  if  a  clear  product  is  desired. 
Germicidal  Action 

Lime  itself  is  a  very  good  germicide  for  most  microbio- 
logical organisms.     There  are  some  forms  of  bacteria  that 
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thrive  in  lime  solutions  and  high  counts  have  been  obtained  of 
these,  but  the  putrefactive  organisms  are  almost  entirely 
killed  or  inhibited.  In  general,  it  is  quite  unnecessary  to 
add  other  preservatives  during  the  Uming  process. 

Selection  of  the  Lime 

It  is  important  to  use  care  in  the  selection  of  the  lime  for 
hide  swelling,  for  it  has  been  found  that  dolomitio  limes  which 
contain  large  amounts  of  magnesia  are  decidedly  inferior  to 


the  high  calcium  limes.  For  some  reason  that  is  not  entirely 
clear,  the  magnesia  tends  to  offset  the  normal  swelling  in- 
duced by  the  lime.  In  practice  it  is  usually  most  satisfactory 
to  procure  a  high-grade  quicklime  and  slake  it  at  the  plant 
.just  prior  to  use. 

The  iron  oxide  content  of  the  lime  should  likewise  be  low, 
as  otherwise  the  color  imparted  by  it  to  the  finished  glue  or 
gelatin  may  be  objectionable,  and  bleaching  may  then  be 
necessary. 


The  Determination  of  Solids  (or  Moisture)  by  Means  of  a 

Gauze  Dish' 


By  Armin  Seidenberg 


ORATORY.  Department  of  Hea 


New   York.   N.   V. 


The  determinalion  of  solids  or  dry  substance  (^moisture  by  differ- 
ence) of  viscous  organic  liquids  is  one  of  the  most  frequent  operations 
in  chemical  investigations.  In  spite  of  its  seeming  simplicity, 
it  has  generally  been  found  impossible  to  secure  strictly  quantitative 
results  by  any  of  the  methods  so  far  proposed.  Pumice  stone, 
sand,  and  other  finely  divided  materials  usually  used  as  distributing 
media,  have  a  tendency,  after  being  heated,  slowly  to  adsorb  gases 
and  liquids.  The  slight  traces  of  adsorbed  moisture  are  held  very 
tenaciously  and  tend  greatly  to  increase  decomposition  of  solids, 
so  that  it  is  difficult  to  differentiate  between  the  loss  due  to  evaporation 
of  moisture  and  that  due  to  decomposition  of  solids.  For  this  reason 
it  is  not  possible  to  secure  a  definite  end-point  followed  by  a  correct 
constant  weight  that  indicates  the  actual  solids  present. 

In  order  to  secure  more  satisfactory  results  a  dish  of  corrugated 
wire  gauze  has  been  proposed.      This  permits  the  liquids  to  be  dis- 


tributed over  a  wide  surface;  it  also  permits  uniform  dehydration, 
is  unaffected  by  chemical  action,  and  does  not  change  in  weight  dur- 
ing cooling  or  weighing.  It  has  no  tendency  to  retain  moisture, 
and  largely  for  this  reason  the  decomposition  of  the  solids  distributed 
over  it  has  been  found  to  be  much  less  than  is  the  case  with  pumice 
or  sand.  It  is  always  possible  with  the  gauze  dish  to  secure  a  sharp 
end-point  followed  by  a  true  constant  weight  that  remains  constant 
on  prolonged  heating  and  that  indicates  the  correct  amount  of  solids 
present.  A  large  number  of  comparative  determinations  were  made 
on  various  sugar  and  other  solutions  between  the  gauze  dish  and 
pumice  stone  methods,  and  very  considerable  differences  were  noted 
in  the  results  by  the  two  methods — equal  in  many  instances  to 
3  per  cent  and  more  of  the  solids  present.  By  using  higher  tem- 
peratures rapid  results  {in  about  half  an  hoar)  can  be  secured  on 
many  materials  with  the  gauze  dish. 


THE  most  favorable  condition  for  the  thorough  removal 
of  the  volatile  portion  of  a  liquid  is  a  wide  and  uniform 
distribution  of  the  liquid  over  a  large  surface  which 
will  itself  remain  entirely  unaffected  throughout  the  drying 
operation.  In  a  previous  paper-  the  writer  has  described  a 
device,  a  modification  of  which  was  found  to  meet  these 
conditions  to  a  marked  degree.  This  device,  or  gauze  dish, 
is  made  from  a  fine  mesh  wire  gauze  with  an  area  of  200 
sq.  cm.,  corrugated  into  31  to  33  lateral  ridges  and  compressed 
in  this  way  into  an  area  of  8.5  X  5.5  cm.  The  gauze  dish 
referred  to  in  this  paper  was  made  of  platinum  and  rested  upon 
a  platinum-gold  stand.  In  order  to  protect  hygroscopic  ma- 
terial it  was  placed  during  weighing  in  a  closed  dish  made  of 
thin,  light-weight  lead  sheets.  The  drops  of  any  liquid  when 
delivered  from  a  slight  height  (about  2  cm.)  upon  a  gauze 
in  this  form  are  broken  up  by  the  impact  of  the  fall  and  held 
entirely  as  a  fine  film  within  the  meshes.  In  this  way  the 
grooves  formed  by  the  corrugations  exert  a  capillary  action 
and  5  cc.  of  any  liquid  can  readily  be  distributed  over  the 
gauze  dish  without  any  going  tlu-ough  the  meshes.  Owing 
to  the  large  surface  and  to  the  effect  of  the  meshes  and  corru- 
gations in  maintaining  a  wide  and  even  distribution  of  the 
liquid,  dehydration  is  greatly  facilitated.  Evaporation  of 
the  liquid  takes  place  from  both  surfaces.  After  all  the  water 
has  been  removed  the  solids  will  be  found  to  be  held  uni- 
formly within  the  meshes,  forming  an  integral  part  of  the 
gauze  dish.  All  dehydrations  were  carried  on  in  an  electric 
oven,  those  in  parallel  being  conducted  in  dishes  placed  side 
by  side  upon  a  small  cardboard  tray. 

'  Received  October  25,  1922. 
'This  Journal,  7  (1915),  769. 


Sucrose  Solutions 

Results  with  Pumice  Stone — Several  hundred  parallel 
determinations  at  temperatures  ranging  from  55°  to  175°  C. 
were  made  under  exactly  the  same  conditions,  by  the  gauze 
dish  and  pumice  stone  methods,'  on  sucrose  solutions  of 
varying  concentrations.  The  pumice  stone  used  was  sub- 
jected to  careful  preliminary  purification;  it  was  used  only 
after  standing  under  atmospheric  conditions  for  several 
weeks  and  then  dehydrated  in  each  instance  in  the  maimer 
recorded  in  the  table.  The  pumice,  before  being  weighed, 
was  always  placed  in  a  desiccator  for  exactly  10  min. 

It  was  found  that  pumice,  as  well  as  any  other  material 
consisting  of  finely  divided  particles  or  contaming  openings 
of  capillary  size,  had  a  tendency  to  adsorb  both  gases  and 
liquids,  particularly  after  having  been  heated.  Material 
in  a  colloidal  state  such  as  this  is  affected  by  the  conditions 
of  temperature  and  pressure  so  that  its  weight  changes,  not 
only  during  evaporation,  but  also  during  cooling  and  weigh- 
ing. Considerable  evidence  will  be  presented  in  another 
paper^  indicating  that,  although  decomposition  of  organic 
residues  distributed  over  pumice  does  not  take  place  in  the 
presence  of  a  large  excess  of  water,  it  is  greatly  accelerated 
by  the  slight  traces  of  adsorl)ed  moisture  held  throughout 
the  deliy<lVaticiii  i)y  the  ])uinice. 

Radically  different  results  were  secured  by  the  pumice 
stone  method,  dependent  upon  the  manner  in  which  the 
pumice  had  been  dehydrated  before  being  weighed.  In 
those  instances  (No.  3,  Table  I)  where  it  was  first  heated 
over  the  Bunsen  flame,  results  were  secured  which  after  a 
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DisTRiBi-TiNG  Method  of 

MEDIUM                    Dehydrating  . 

Time,  hrs _fi 

Temperature  ^  C "^^  _ 

Pumice                         4  hrs.,  58°  C.  16.542 

Gauze  dish                Heated  to  redness  16.. 303 

Time,  hrs 6 

Temperature,  °  C .58 

Pressure,  in 10 

Pumice                       4  hrs.,  60°  C.  16.943 

Time,  hrs 3 

Temperature,  99°  C. 

)  1.5  hrs.,  100°  C.  16  075 

Pumice                    J  Heated  to  redness  1 6  339 

Gauze  dish                Heated  to  redness  16  043 

Time,  hrs 6 

Temperatiu-e,  100°  C. 

Gauze  dish                Heated  to  redness  16.143 

Time,  hrs 2  5 

Temperature.  108°  C. 

Pumice                       48  hrs..  117°  C.  16.067 

Gauze  dish                Heated  to  redness  16.081 

Time,  hrs 5 

Temperature,  112°  C. 

Gauze  dish                Heated  to  redness  16.175 

Time,  hrs 2 

Temperature,  117°  C. 

Pumice                       4  hrs..  117"  C.  15  803 

Gauze  dish                Heated  to  redness  16. 176 

Time,  hrs 4 

Temperature,  125°  C. 

Gauze  dish                Heated  to  redness  16.036 

Time,  hrs 1 

Temperature,  148°  C. 

Gauze  dish                Heated  to  redness  1 5  927 

Time,  hrs 0.5 

Temperature,  155°  C. 

Pumice                       15  hrs,  1.50°  C.  26.631 

Gauze  dish                  Heated  to  redness  15.951 

Time,  min 15 

Temperature,  160°  C 160 

Gauze  dish                Heated  to  redness  16. 110 

Time,  min 30 

Temperature,  °  C 140-155 

Gauze  dish                 Heated  to  redness  15.945 

Time,  min 20 

Temperatiu-e,  °  C 155 

Gauze  dish                Heated  to  redness  16.142 


Table  I — Series  B,  Sucrose  Solution 
Solids,  calculated  from  specific  gravity  =  15.93  per  cent 
Per  cent  Solids- 


Number  la 

20 
50 

16.430 
16.229 

N 

45 
60 

16.151 

15.976 

umber  lb 

2 

16  214 
15  984 

15 
60 

16.1.39 
15.957 

32 
60 
16,139 

15 
60 
16.109 

4 
55 
25 
16.438 

.V 

4 
58 
24 

16.259 
^mber  2 

60 
25 
16.179 

3 
60 
25 
16.215 

2 

2.5 

4 

3 

2 

15 

15.844 
16.306 
16,043 

.V 

15.657 

16.290 

16.009 

Mmber  3  . 

15.390 
16   2.54 
15.936 

15.242 
16  234 
15  919 

15.186 
16  234 
15.927 

14.629 
16.266 
15.906 

3 

3 

3 

15 

15.995 

.V 

15.926 
umber  4 

15  926 

15  926 

1.5 

2 

3 

3 

2 

15 

15  994 
16.045 

15.839 
15.976 

15  640 
15.891 

15.409 
15.863 

15.260 
15.843 

14.577 
15.855 

Number  S 

15  430 

16  063 

15.151 
15.981 

A" 

tmber  7 

2 

2 

15.967 

15.918 

.V 

tmber  8 

2 

2 

15.849 

15.802 

A' 

imber  9 

0.5 

0.5 

14.802 
15.906 

14.009 
15.859 

A 

tmber  10 

1.5 
15.908 

15 
175 
15.840 

A' 

tmber  11 

30 

55 
15.913 

A^ 

tmber  12 

30 

30 

15.938 

155 
15.902 

14  674 

14  436 

14.297 

13.522 

15.924 

15.918 

15.912 

15.884 

certain  period  remained  approximately  constant.  However, 
these  results  were  usually  too  high  by  amounts  that  in 
two  series  of  determinations  (Series  A  and  B)^  were  1.2  to 
3  per  cent  of  the  actual  dry  residue.  In  other  series  of  deter- 
minations even  greater  differences  were  observed,  and  it  was 
generally  impossible  to  secure  satisfactory  checks  unless  all 
the  pumice  used  had  pre\-iously  been  heated  in  one  batch. 
In  other  words,  a  fictitious  constant  weight  was  attained 
which  was  usually  incorrect,  and  which  could  only  be  correct 
as  the  result  of  the  balancing  effect  of  two  counteracting  sets 
of  errors — one  due  to  the  loss  in  weight  produced  by  the  dis- 
integration of  the  organic  material,  the  other  due  to  the  gain 
in  weight  resulting  from  the  adsorptive  power  of  the  pumice. 
On  the  other  hand,  pumice  dehydiated  by  being  heated 
at  the  temperature  at  which  evaporation  is  subsequently 
carried  on  (Nos.  1,  2,  and  3,  Table  I)  yields  wth  sucrose 
solutions  results  that  show  a  continuous  loss  in  weight  on 
heating.  Similar  results  were  also  obtained  with  sand  (25  to 
30  g.)  dehydrated  at  100°  C.  This  loss  in  weight  is  so  de- 
cided and  so  continuous  that  it  is  not  possible  under  these 
conditions  to  attain  a  sharp  end-point  that  tstII  clearly  differ- 
entiate the  completion  of  the  evaporation  of  the  liquid  from 


*  Results  secured  with  Series  A  are  similar 
with  Series  B  and  are  therefore  not  tabulated. 


character  to  those  secured 


the  decomposition  of  the  solid.  This  is  true  no  matter 
what  temperature  is  used  for  the  evaporation.  A  lower 
temperature  will  retard  the  rate  of  decomposition  of  the  solid 
matter,  but  it  will  generally  reduce  to  about  the  same  degree 
the  rate  at  which  the  last  traces  of  tenaciously  held  moisture 
are  volatilized.  In  this  way  a  uniform  rate  of  loss  occurs 
in  the  dry  residue  at  a  percentage  above  the  correct  per- 
centage and  continues  to  one  indefinitely  below  it.  While 
some  authorities  recommend  that  heating  be  continued  until 
a  uniform  rate  of  loss  is  noted,  it  \\t11  be  seen  that  a  uni- 
form rate  of  loss  does  not  necessarily  indicate  the  correct 
percentage  of  solid  matter. 

Factors  ix  Determining  Constant  Weight — It  is  there- 
fore possible  to  seclire  accurate  and  reliable  results  only 
if  decomposition  is  reduced  to  a  point  where  its  effect  is 
negligible  for  an  extended  period  of  time — at  least  2  and 
preferably  3  to  4  hrs. — and  where  in  any  case  the  rate  of 
loss  due  to  tliis  cause  is  decidedly  less  than  that  due  to  evap- 
oration. In  this  respect  it  is-ill  be  found  that  the  gauze 
dish  adds  greatly  to  the  reliability  of  the  results,  since  it 
practically  adsorbs  no  moisture  and  since  largely  for  this 
reason  the  dry  residue  on  it  is  not  readUy  decomposed  and 
there  is  therefore  alwaj-s  a  distinct  difference  in  the  rate 
of  loss  due  to  decomposition  and  that  due  to  evaporation. 
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Results  with  the  Gauze  Dish — Although  the  rate  of 
evaporation  varies  with  the  temperature,  the  constant 
weights  attained  on  sucrose  solutions  with  the  gauze  dish,  at 
temperatures  ranging  from  55°  to  125°  C,  were  in  close 
agreement  with  each  other  and  with  the  correct  percentage 
indicated  by  the  specific  gravity.  Furthermore,  the  same 
results  were  obtained  with  vacuum  as  at  atmospheric  pres- 
sure. In  Series  A,  where  six  determinations  were  carried 
on  at  temperatures  ranging  from  57°  to  117°  C,  the  average 
of  all  constant  weights  secured  by  the  gauze  dish  represented 
23.417  per  cent,*  the  percentage  calculated  from  the  specific 
gravity  being  23.40.  The  average  variation  from  this  aver- 
age was  0.005  per  cent,  the  maximum  0.013  per  cent.  In 
Series  B,  Table  I,  the  average  constant  weight  on  the  series 
of  determinations  made  on  the  gauze  dish  at  or  below  125°  C. 
represents  15.930  per  cent,  the  percentage  calculated  from 
the  specific  gravity  being  15.93  per  cent.  The  average 
variation  from  this  average  is  0.018  per  cent,  the  maximum 
0.041  per  cent. 

In  a  considerable  proportion  of  gravimetric  determmations 
the  experimental  error  is  considered  to  be  about  0.02  per 
cent,  in  terms  of  the  whole  amount.  In  the  present  case, 
in  addition  to  the  errors  due  to  measuring  out  and  distributing 
the  liquid,  four  independent  weighings  are  requu-ed,  which 
might  introduce  discrepancies  in  the  final  result.  These 
would  readily  account  for  the  slight  differences  noted  and 
we  may  conclude  that  errors  due  to  the  incomplete  evap- 
oration of  the  liquid  or  to  the  decomposition  of  the  solids 
even  after  prolonged  heating  may  be  considered  as  negligible 
when  the  gauze  dish  is  used  with  sucrose  solutions. 

Results  on  Prolonged  Heating — On  heating  the  residues 
of  Series  A  on  the  gauze  dish  for  a  prolonged  period,  the 
total  averaging  42  lirs.,  an  average  weight  representing 
23.368  per  cent  was  obtained,  which  differed  from  the  average 
constant  weight  representing  23.417  per  cent  by  only  0.049 
jjer  cent.  This  is  equal  to  an  average  loss  after  constant 
weight  has  been  reached  of  slightly  more  than  0.001  per  cent 
per  hr.  In  Series  B  (Table  I)  practically  the  same  condition 
is  to  be  noted.  After  an  average  constant  weight  on  the 
determinations  at  or  below  125°  C.  representing  15.930  per 
cent  was  obtained  on  the  gauze  dish,  continued  heating 
totaling  an  average  of  54  hrs.  showed  an  average  weight 
representing  15.891  per  cent,  differing  from  the  average  con- 
stant weight  by  0.039  per  cent.  In  this  instance  the  average 
loss  of  weight  after  constant  weight  has  been  reached  corre- 
sponds to  sUghtly  less  than  0.001  per  cent  per  hr.  These 
figures  may  be  compared  with  those  secured  in  Series  A, 
where  determinations  in  parallel  with  the  gauze  dish  were 
run  in  all  cases  on  pumice  dehj'drated  under  the  conditions 
imder  wliich  evaporation  was  conducted.  Here  after  heating 
for  an  average  of  42  hrs.  the  residues  in  the  six  determinations, 
which  on  the  gauze  dish  eciualed  23.368  per  cent,  equaled 
21.907  per  cent  on  the  pumice  stone. 

The  End-Point  on  the  Gavze  Dish — As  has  been  noted, 
the  exact  point  of  time  when  constant  weight  has  been 
reached  can  be  only  approximately  estimated.  Since  on 
the  gauze  dish  the  rate  of  loss  per  hour  of  the  solids  on  pro- 
longed heating  after  the  complete  evaporation  of  the  moisture 
is  so  slight  that  it  may  be  considered  negligible,  the  length 
of  the  heating  period  on  the  basis  of  which  this  is  eatsblished 
may  be  extended  considerably.  In  this  way  fewer  weighings 
are  usually  needed  to  determine  whether  constant  weight 
has  been  reached  and  the  weighings  can  be  arranged  accord- 
ing to  the  convenience  of  the  worker.    In  any  case,  the 

6  Although  the  percentage  figures  given  here  and  in  the  tables  should 

e  considered  as  correct  only  to  the  second  decimal  place,  the  third  place 

in  the  decimals  is  given  since  in  many  instances  the  difference   between   the 

percentage  figures  occur  in  the  third    place  and  could  only  be  indicated  by 

showing  this. 


difference  between  the  rate  of  loss  due  to  evaporation  and 
that  due  to  decomposition  is  very  much  accentuated  and  an 
end-point  that  is  quite  distinctive  is  secured.  Thus,  in  the 
curves  (Fig.  1)  for  the  gauze  dish  in  contrast  with  those 
for  the  pumice,  a  turn  occurs  at  the  true  percentage,  after 
which  the  curves  hardly  deviate  even  on  prolonged  heating. 
Constant  weight  is  therefore  established  with  accuracy  and 
certainty. 


Gauze  Dish 

Purrrce-  heafed  fa  rednesi 

Pumice  -  heofedof  tempera 


10  20  30  40  50  60 

Fig.  1— Series  B  (99''-12o°  C).     Sp.  Gr,,  15.93  Per  cent 


Temperature  Giving  Most  Favorable  Results  with 
the  Gauze  Dish — There  is  an  advantage  in  using  the  highest 
temperature  that  has  no  decomposing  effect  in  that  the  quick- 
est results  with  the  sharpest  turning  or  end-points  are  secured 
in  this  way.  At  98°  to  100°  C.  prolonged  heating  is  often 
needed  to  secure  complete  dehydration  of  strongly  viscous 
material  such  as  sucrose,  particularly  when  the  concentration 
is  above  20  per  cent.  However,  correct  results  can  always 
be  obtained  with  the  gauze  dish  if  the  solution  is  not  too 
concentrated  and  if  the  precaution  is  taken  to  distribute  the 
material  widely.  At  considerably  lower  temperatures  (50° 
to  60°  C.)  required  in  the  presence  of  levulose,  a  longer  time 
is  needed  for  the  evaporation,  but  there  is  no  tendency  to 
retain  slight  traces  of  water  and  constant  weight  once  reached 
is  in  agreement  with  the  correct  results.  This  is  not  the  case 
with  pumice,  where  high  results  are  frequently  obtained  at 
low  temperatures.  In  the  absence  of  readily  decomposable 
material  a  temperature  of  120°  to  125°  C.  is  best  with  the 
gauze  dish,  while  in  the  presence  of  material  slightly  more 
subject  to  decomposition  a  temperature  of  110°  C.  should 
be  used,  and,  as  will  be  shown  later,  if  the  material  is  readOy 
decomposable  a  temperature  below  70°  C.,  preferably  50°  to 
60°  C,  should  be  used. 

High  Temperature  with  Gauze  Dish — A  study  of  Num- 
bers 7,  8,  9,  10,  and  11,  Series  B,  Table  I,  will  show  that  at 
155°  C.  the  correct  result  for  solids  can  be  obtained  in  approxi- 
mately one-half  hour,  and  that  the  subsequent  loss  at  the 
same  temperature  during  half-hourly  periods  averages  be- 
tween 0.03  and  0.04  per  cent.  On  pumice  the  corresponding 
loss  per  half  hour  was  1  per  cent  and  the  correct  weight  was 
not  indicated  in  any  way.  With  the  gauze  dish  at  this  tem- 
perature the  end-point  is  sharply  indicated  and  the  constant 
weight  attained  remains  fairly  constant,  so  that  the  results 
are  still  approximately  correct  within  an  hour  after  tliis. 
It  is  therefore  possible  by  means  of  the  gauze  dish  to  secure 
rapid  and  accurate  results  on  substances  of  the  nature  of 
sucrose,  by  using  high  temperatures  of  about  155°  C.  In 
this  way  results  can  be  had  in  about  one-half  hour,  and  sub- 
sequent weighings  to  determine  whether  constant  weight 
has  been  reached  should  be  made  at  half-hour  intervals. 
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Distributing  Method  op 

Medium  Dehydrating 

Time,  hrs 

Pressure,  in 

Temperature,  70°  C. 
Pumice  4  hrs..  70°  C,  28  ii 

Heated  to  redness 

Time,  hrs 

Pressure,  in 

Temperature,  70°  C. 
Pumice  7  hrs.,  70°  C,  28  ir 

Gauze  dish  Heated  to  redness 

Time,  hrs 

Temperature,  70°  C. 
Pumice  15  hrs.,  70°  C. 

Gauze  dish  Heated  to  redness 

Time,  hrs 

Temperatiu-e.  90°  C. 
Pumice  3  hrs.,  90°  C. 

Gauze  dish  Heated  to  redness 

Time,  hrs 

Temperature,  50"  C. 
Pumice  4  hrs..  50°  C. 

Gauze  dish  Heated  to  redness 

Time,  hrs 

Temperature,  50°  C. 
Pumice  Continued 

Gauze  dish  Continued 

Time,  hrs 

Temperature,  60°  C. 
Gauze  dish  Heated  to  redness 

Time,  hrs _. 

Temperature,  65°  C. 
Gauze  dish  Heated  to  redness 

Time,  hrs 

Temperature,  57°  C. 
Pumice  4  hrs.,  57°  C. 

Gauze  dish  Heated  to  redness 


Table  II — Sbribs  C,  Levulose  Solution 
Solids,  calculated  from  specific  gravity  =  23.02  per  cent 

6 
15 

3 

27 

Nu 
3 

27 

mber  I 

4 
27 

4 

23.017 
23.086 

6 

15 

22,796 
23,047 

2 
29 

22.619 
22.950 

Nu 
4 
29 

22,563 
22,934 
mber  2 
6 
28 

22.469 
22.898 

3         1 

28 

5  min.  desic. 

23.888 
23.090 

4.5 

22  921 

22.887 

22.847         22.709 
22.855         22.758 
Number  3 
4                    4 

22.645 
22.730 

3 

22,797 
22,730 

3 

3 

3 

3                    4 

31  957 
23.074 

2 

24,310 
22,969 

2 

22.938         22.841 
22.945         22.861 
Number  4 
2                    2 

22.754 
22  806 

22.717 
22.773 

2 

22 
22 

694 
740 

22 

649 
731 

22  639         22,233 
22.725         22.554 

28.700 
22.946 

4 

22.850 
22.760 

2 

22.599 
22.664 

Nu 

22  441 
22,581 
mber  5 
2 

22.314 
22,519 

22,211 
22,484 

3 

3 

3 

3 

56.041 
23.667 
3 

40.491 
23.49S 
40 

30.568 
23.373 
4 

25,263 
23,320 

24,107 
23,287 

23  427 
23,183 

23 
23 

258 
097 

23 
23 

214 

047 

23  228            

23.047            

23,164 
23.047 
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Le^tlose  Solutions 

Temperatures  of  70°  C.  and  Above — When  solutions 
containing  readily  decomposable  le\-ulose  were  dehydrated 
according  to  the  official  method  of  the  Association  of  Official 
Agricultural  Chemists/  which  requires  evaporation  in  vacuo 
at  70°  C.  from  pumice  previously  heated  to  redness,  it  was 
only  occasionally  possible  to  obtain  results  that  were  in 
agreement  with  those  indicated  by  the  specific  gra^^ty. 
In  many  instances,  however,  this  was  not  the  case.  Where 
the  pumice  had  been  previously  dehydrated  by  heating 
in  vacuo  at  70°  C.  (Table  II,  Nos.  1  and  2)  there  is  a  continu- 
ous loss  in  weight,  and  the  true  solid  content  is  not  indicated 
in  any  way.  A  similar  condition  exists  with  pumice  when 
evaporation  is  carried  on  at  70°  C.  under  atmospheric  pres- 
sure. With  the  gauze  dish  somewhat  similar  results  are 
obtained  under  these  conditions.  At  a  higher  temperature 
(Table  II,  No.  4)  the' rate  of  decomposition  is  very  much 
accelerated,  slightly  more  so  with  the  pumice  than  vdih  the 
gauze  dish. 

Temperature  Givtng  IMost  Favorable  Results  with 
Gauze  Dish — In  order  to  obtain  a  satisfactory  constant 
weight  a  lower  temperature  than  70°  C.  must  be  used  for 
levulose  solutions.  \\Tien  the  gauze  dish  is  used  as  the 
distributing  medium  and  a  temperature  of  50°  to  60°  C.  is 
apphed,  a  distinct  decrease  is  evident  in  the  rate  of  loss  at 
a  point  indicating  the  completion  of  the  dehydi'ation  and 
corresponding  to  the  true  sohds.  The  weight  from  this 
time  on  remains  practically  constant,  particularly  at  50°  C. 
and  it  is  in  close  agreement  with  the  correct  percentage  as 
shovMi  by  the  specific  gravity.  This  is  not  equally  true  with 
pumice.  At  50°  G.  (Table  II,  No.  5)  the  constant  weight 
obtained  with  pumice  is  considerably  too  high,  caused,  no 
doubt,  by  the  retention  of  moisture  due  to  the  adsorptive 
power  of  the  pumice  at  this  temperature.  At  temperatures 
slightly  higher  than  50°  C.,  the  results  with  pumice  are  not 


as  high,  but  the  actual  drj-  residue  is  not  definitely  indicated 
by  a  sharp  end-point  or  a  satisfactory  constant  weight. 
With  the  gauze  dish  there  is  also  a  continuous  loss  in  the 
case  of  levulose  solutions  at  60°  C.,  but  it  is  at  a  lesser  rate 
than  that  due  to  the  dehydration  and  the  true  solids  are  in- 
dicated fairly  accuratelj-.  However,  at  50°  C.  there  is  prac- 
tically no  loss  in  weight  once  the  true  solids  are  indicated, 
and  this  would  therefore  seem  to  be  the  most  favorable 
temperature  for  determining  levulose  on  the  gauze  dish. 

Solutions  Containing  Both  Levtjlose  and  Sucrose — 
In  Table  III  are  recorded  the  results  secured  on  a  solution 
(Series  D)  containing  levulose  and  the  more  viscous  sucrose 
in  equal  amounts.  Owing  to  the  presence  of  levulose  a 
temperature  between  50°  and  60°  C.  must  be  used.  It  will 
be  noted  (Table  III,  Nos.  1,  2,  and  3)  that  where  the  gauze 
dish  is  used  as  the  distributing  medium  constant  weights 
are  obtained  which  are  in  fair  agreement  with  each  other 
and  with  the  weight  indicated  by  the  specific  gravity,  and 
that  these  weights  remain  constant  throughout  a  prolonged 
period  of  heating.  At  the  same  time  the  checks  obtained  are 
not  as  close  as  those  obtained  in  some  other  instances  with 
sucrose  solutions. 

It  was  also  found  that  a  solution  containing  the  two  sugars 
in  equal  proportion,  but  which  was  more  concentrated  than 
in  the  present  instance,  did  not  jield,  either  with  the  gauze 
dish  or  the  pumice  stone  method,  results  showing  a  sharp 
end-point  or  a  satisfactory  constant  weight.  Pumice,  how- 
ever, did  not  yield  correct  results  even  with  a  dilute  solu- 
tion, as  can  be  noted  both  in  No.  4,  Table  III,  where  the 
determination  was  carried  on  according  to  the  officiid  method 
of  the  A.  0.  A.  C,  and  in  No.  1  where  the  pumice  was  pre- 
viously heated  at  59°  C.  and  therefore  possessed  less  tendency 
to  gain  weight.  Tliis  accords  with  the  results  previously 
obtained  at  low  temperatures  on  viscous  material  such  as 
sucrose  distributed  over  pumice.     With  the  gauze  dish  results 
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which  are  entirely  correct  can  be  obtained  at  a  temperature 
of  50°  to  60°  C,  provided  only  the  solution  is  sufficiently 
dilute  and  the  liquid  widely  distributed  in  a  thin  layer. 

General  Organic  Solutions 

Molasses — The  solids  of  an  unrefined  sample  of  cane- 
sugar  molasses  (Series  E)  that  was  dark  brown  and  turbid 
even  in  a  dilute  solution  were  determined  according  to  the 
official  method  in  vacuo  at  a  temperature  of  70°  C.  on  pumice 
previously  heated  to  redness.  A  uniform  rate  of  loss  was 
observed  after  15  lu's.  heating,  when  the  losses  indicated 
75.64  and  75.55  per  cent  of  solids,  averaging  75.60  per  cent, 
in  the  original  material.  When  the  determinations,  were 
conducted  on  the  gauze  dish  without  vacuum  and  at  temper- 
atures of  70°  and  60°  C,  the  results  for  solids  in  the  original 
material  were  74.99,  74.91  and  74.91,  74.95  per  cent,  reispec- 
tively,  averaging  74.94  per  cent.  The  results  obtained  at 
the  two  temperatures  on  the  gauze  dish  were  in  quite  satis- 
factory agreement,  but  at  60°  C.  the  rate  of  loss  per  hour 
was  practically  negligible,  showing  that  they  indicate  the 
correct  percentage.  The  difference  between  the  average 
results  on  the  gauze  dish  and  on  the  pumice  stone  amounts 
to  0.67  per  cent,  or  almost  1  per  cent  of  the  actual  solids 
present. 

Sirups — In  so-called  table  sirups  both  sucrose  and  levulose 
are  present,  but  the  proportion  of  levulose  to  sucrose  is 
considerably  greater  than  is  the  case  in  molasses.  With 
the  gauze  dish  the  average  solids  present  in  the  original 
material  (Series  F)  were  78.57  per  cent  (maximum  differ- 
ence of  0.14  per  cent).  Temperatures  of  60°  and  70°  C. 
but  without  vacuum  were  used.  When  three  determina- 
tions were  conducted  on  pumice  stone  according  to  the 
official  method,  each  batch  being  prepared  separately, 
considerable  variations  in  percentage  (maximum  differ- 
ence 1.34  per  cent)  were  obtained  so  that  no  significant 
average  could  be  established.  The  difference  in  results  be- 
tween the  two  methods  varied  from  a  minimum  of  0.04  to  a 
maximum  of  1.30  per  cent  which  latter  amounted  to  about 
1.7  per  cent  of  the  actual  solids  present.  Both  the  better 
checks  obtained  with  the  gauze  dish  and  the  smaller  loss 
per  hour  on  prolonged  heating  prove  that  the  results  ob- 
tained with  it  are  the  correct  ones. 

Sweetened  Condensed  Milk — In  Series  G  on  sweetened 
condensed  milk  the  official  method,"  involving  the  use  of 
25  to  30  g.  of  sand,  was  followed  on  an  approximately  25  per 
cent  solution,  the  temperature  varying  from  99°  to  106°  C. 
The  results  obtained  in  six  determinations  varied  from  82.91 
to  8-1.20  per  cent.  A  uniform  rate  of  loss  was  to  be  noted 
at  any  percentage  between  these  figures,  and  had  the  evap- 
oration been  continued  for  a  longer  period  even  lower  results 
might  have  been  obtained. 

With  the  gauze  dish  two  series  of  determinations,  yielding 
83.55  and  83.59  per  cent,  were  carried  on  at  105°  and  110° 
C.,  respectively.  These  results  were  in  practical  agreement 
and  remained  constant  on  prolonged  heating.  The  results 
obtained  by  the  sand  method  were  about  0.6  per  cent  above 
and  below  those  secured  by  the  gauze  dish,  equal  to  about 
0.8  per  cent  of  the  actual  solids  present.  Rapid  and  satis- 
factory results  (83.43  and  83.59  per  cent)  were  obtained  on  the 
gauze  dish  at  temperatures  of  140°  to  150°  C.  in  30  to  40  min. 

Evaporated  Milk — When  a  40  per  cent  solution  of  evap- 
orated milk  was  dehydrated  according  to  Bigelow  and  Fitz- 
gerald' in  an  ordinary  dish  without  sand  or  pumice  and  the 
results  were  compared  with  those  obtained  with  the  gauze 
dish,  the  average  of  five  determinations  with  the  gauze  dish 
(old  modification)  was  25.646  per  cent,  while  with  the  ordi- 

Assoc.  Official  Agr.  Chem.,  Methods,  1920,  p.  231. 
8  Nal.  Canners  Assoc,  Bull.  S  (1915),  14. 
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nary  dish  the  average  was  25.503  per  cent,  the  difference 
amounting  to  slightly  more  than  0.5  per  cent  of  the  actual 
solids  present. 

Natural  Milk — Comparative  determinations  made  on 
150  samples  of  natural  milk  by  the  dish  method  (without 
sand  or  other  distributing  medium)  and  the  gauze  method  dish 
(old  modification)  showed  that  with  the  latter  the  results 
were  uniformly  higher  by  an  average  of  0.08  per  cent  (equal 
to  0.7  per  cent  of  the  actual  solids  present). 

Table  III — Series  D,  Sucrose.  50  Per  cent— Levulose,  50  Per  cent 

Solids,  calculated  from  specific  gravity  =  14  53  per  cent 
Distributing         Method  op 

Medium  Dehydrating  . Per  cent  .Solids . 

Number  J 

Time,  hrs 6  4  3  2 

Temperature,  59°  C. 
Pumice  4  hrs,  59°  C,  14,871        14   645        14   604        14   562 

Gauze  dish  Heated  to  redness  14.620        14.,i09        I4.4S8 

Number  Z 

Time,  hrs 15  4  40  6 

Temperature,  58°  C. 
Gauze  dish  Heated  to  redness  14,524        14. .572        14.534        14.510 

Number  3 

Time,  hrs 19  2  

Temperature,  65°  C. 
Gauze  dish  Heated  to  redness  14.506        14.521  ... 

Number  4 

Time,  hrs 10  3  

Pressure,  in 15  26 

Temperature,  70°  C. 
Pumice  Heated  to  redness  14.773        14-733 

14.803        14.731  ....  ,... 

Number  5 

Time,  hrs 8  2  4  3 

Pressure,  in 12  26  26  27 

Temperature,  70°  C, 
Pumice  Heated  to  redness  14.662        14.646        14   606        14,564 

Directions  for  G.-iuzE  Dish 

The  liquid  should  preferably  be  weighed  by  difference  and 
distributed  one  drop  at  a  time  in  rows  running  the  length 
of  the  gauze  dish  so  that  no  two  drops  touch  each  other, 
care  being  taken  that  the  ridges  are  aligned  so  that  no  two 
are  in  contact.  About  2.5  to  3  g.  of  the  solution  should  be 
distributed  in  about  100  drops  over  the  gauze  dish.  In  the 
case  of  highly  viscous  solutions  containing  readily  decompos- 
able material  requiring  a  low  temperature,  the  concentration 
should  be  between  10  and  20  per  cent;  otherwise,  a  solution 
having  a  concentration  between  20  to  30  per  cent  may  be 
used. 

In  determining  the  solids  on  the  gauze  dish  the  highest 
temperature  that  will  not  produce  decomposition  should 
always  be  used.  For  organic  solutions  containing  material 
that  does  not  readily  decompose,  a  temperature  of  110°  to 
125°  C,  depending  upon  the  degree  to  which  it  is  affected 
by  heat,  should  be  used.  Rapid  results  (in  half  an  hour) 
may  be  obtained  with  substances  of  this  nature  by  using 
comparatively  elevated  temperatures  (140°  to  155°  C). 
For  organic  solutions  containing  levulose  and  other  similar 
substances  which  are  readily  decomposed,  a  temperature  of 
50°  to  60°  C,  depending  upon  the  proportion  of  decom- 
posable material  present,  gives  the  best  results.  No  vacuum 
is  needed  in  any  determination  with  the  gauze  dish.  Hygro- 
scopic material  should  be  weighed  in  a  closed  dish. 

The  correct  percentage  of  solids  is  indicated  when  the  rate 
of  loss  per  hour  is  uniform  and  at  a  mininiuiu  wliich  is  main- 
tained on  prolonged  heating.  Suice  at  the  ijrojjer  temper- 
ature this  loss  due  to  decomposition  is  practically  negligible, 
the  heating  may  be  prolonged  well  beyond  the  time  when  the 
evaporation  has  been  completed.  The  weighings  to  estab- 
lish the  rate  of  loss  and  the  attainment  of  constant  weight 
should  be  made  in  intervals  of  2  to  4  hrs.,  depending  upon  the 
temperature. 

The  residue  upon  the  gauze  dish  can  be  burned  or  dissolved 
off  and  the  gauze  dish  used  repeatedly. 


742 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  7 


Preparation  of  Methyl  Red' 

By  A.  W.  Schorger 


C.  F.  BrRCESs  T,/ 


lEs.  Madison.  Wis. 


METHYL  RED,  p-diniethylaminoazobenzene-o-carbox- 
ylic  acid,  has  become  so  well  known  in  recent  years 
that  a  discussion  of  its  value  as  an  indicator  would  be 
suijcrfluous.  It  was  first  prepared  by  Rupp  and  Loose-  in 
1908,  by  diazotizing  anthranilic  acid  in  alcoholic  solution, 
and  coupling  with  dimethylaniline  likewise  dissolved  in  al- 
cohol. Aside  from  the  use  of  an  expensive  solvent,  the 
method  gives  poor  yields.  The  method  given  by  Tizard  and 
Winmill,'  using  aqueous  solutions,  is  a  decided  improve- 
ment. 

The  indicator  is  described  in  various  catalogs  as  consisting 
of  violet  crystals;  yet,  most  of  the  samples  examined  by  the 
author  which  had  been  imported  prior  to  the  war  were  steel- 
blue  in  color.  It  was  found  that  the  violet  crystals  con- 
sisted of  free  methyl  red,  and  the  blue  crystals  of  the  hydro- 
chloride. The  methods  described  below  were  found  to  give 
products  superior  both  in  appearance  and  purity  to  any 
hitherto  obtainable. 

Numerous  small-scale  experiments  were  made  using  10  g. 
of  anthranilic  acid,  which  theoretically  should  give  19.6  g. 
of  free  methyl  red.  Tizard  and  Winmill  state  that  the 
yield  is  almost  quantitative.  Following  their  directions,  at 
room  temperature  the  best  yield  obtainable  with  reagents  of 
high  purity  was  only  ab'out  80  per  cent.  By  diazotizing  and 
coupling  in  the  cold,  and  allowing  the  reaction  mixture  to  stand 
for  several  hours  before  warming,  yields  of  about  95  per  cent 
could  be  obtained. 

Rupp  and  Loose,  as  well  as  Tizard  and  Winmill,  use  over 
twice  the  amount  of  hydrochloric  acid  theoretically  neces- 
sary for  the  reaction.  Experiment  has  shown  that  the  use 
of  the  theoretical  amount  of  hydrochloric  acid  gives  fully  as 
high  jnelds  of  methyl  red,  and  with  greater  economy  of 
materials.  It  might  also  be  mentioned  that  the  methyl  red 
can  be  precipitated  ■ndth  sodium  carbonate  in  place  of  the 
more  expensive  sodium  acetate. 

Preliminary  Procedure 

In  an  earthenware  jar  of  35-gal.  capacity,  provided  with  a 
mechanical  stirring  apparatus,  are  placed  100  lbs.  of  water, 
40  lbs.  of  ice,  5  lbs.  of  anthranilic  acid,  and  hydrochloric  acid 
equivalent  to  2.5  lbs.  of  the  anhydrous  acid,  and  the  whole 
stirred  until  the  anthranilic  acid  has  dissolved,  when  2.5  lbs. 
of  sodium  nitrite  are  added.  After  being  stirred  the  mixture 
is  allowed  to  stand  half  an  hour.  In  the  meantime  4.6  lbs.  of 
dimethylaniUne  are  dissolved  in  a  mixture  of  30  lbs.  of 
water,  15  lbs.  of  ice,  and  an  amount  of  hydrochloric  acid  equiv- 
alent to  1.4  lbs.  of  the  anhydrous  acid.  Tliis  solution  is 
added  to  the  diazotized  anthranilic  acid  mth  stirring,  al- 
lowed to  stand  15  to  20  min. ;  then  3.5  lbs.  of  sodium  carbon- 
ate followed  by  1  lb.  of  sodium  acetate  are  added  gradually 
■with  stirring.  It  is  preferable  to  replace  a  portion  of  the  so- 
dium carbonate  mth  sodium  acetate  to  avoid  the  risk  of  using 
an  excess  of  the  former,  whereby  the  soluble  sodium  salt  of 
methyl  red  is  formed. 

It  has  been  found  advantageous  to  allow  this  mixture  to 
stand  several  hours,  usually  until  the  following  morning. 

1  Received  October  20,  1922. 
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Steam  is  then  introduced  to  raise  the  temperature  to  40- 
50°  C,  when  the  mass  is  ready  for  filtering. 

It  is  essential  that  a  good  quahty  of  anthranihc  acid  be 
employed,  and  that  no  free  nitrous  acid  remain  in  the  diazo- 
tized'solution.  If  nitrous  acid  is  present  after  the  solution 
has  stood  half  an  hour,  small  amounts  of  antlu-anilic  acid 
are  gradually  added  until  the  nitrous  acid  is  consumed ;  this 
will  prevent  the  possible  formation  of  nitrosodimethylaniline. 

The  red,  amorphous  product  is  filtered  on  a  large  stone- 
ware suction  filter  and  washed  with  water.  This  is  usually  a 
slow  procedure  and  it  is  preferable  to  use  a  filter  press. 

Crystallization 

Steel-Blue  Cry.stals — The  amorphous  methyl  red  is 
dissolved  by  using  2  lbs.  of  caustic  soda  in  sufficient  water  to 
give  a  final  solution  of  the  methyl  red  weighing  about  30  lbs. 
Gentle  heat  may  be  used  to  effect  solution.  The  solution  is 
then  filtered. 

One  volume  of  strong  hydrocliloric  acid  and  three  volumes 
of  water  are  heated  to  boiling  and  one  volume  of  the  fil- 
tered solution  of  methyl  red  is  gradually  added  with  stir- 
ring, care  being  taken  that  all  the  methyl  red  is  dissolved. 
Separation  of  brUliant  steel-blue  crystals  of  the  hydrochloride 
of  methjd  red  begms  at  once  and  the  size  of  the  crystals  may 
be  regulated  by  the  rate  of  cooUng  of  the  solution.  After 
crystallization  is  complete,  the  crystals  are  filtered  off  and 
washed  'with  a  Uttle  1:  3  hydrochloric  acid. 

Tliis  method  gives  an  excellent  product,  since  any  impuri- 
ties present,  such  as  anthranihc  acid  or  dimethylaniUne,  are 
dissolved  by  the  hydrochloric  acid.  The  crystaUization  of 
the  methyl  red  from  the  acid  solution  is  almost  ciuantitative. 
The  yield  is  about  10  lbs.  The  sulfate  of  methyl  red  is  much 
more  soluble  than  the  hydrochloride,  so  that  the  use  of  sul- 
furic acid  for  crystaUization  is  not  feasible. 

Violet  Crystals — Rupp  and  Loose  dissolved  the  crude 
methyl  red  in  acetic  acid,  added  water  until  turbidity  was 
jjroduced,  and  left  to  crystallize.  This  method  is  difficult 
to  control  as  the  methyl  red  frequently  separates  as  a  tar-like 
mass.  The  use  of  glacial  acetic  acid  gives  much  better  re- 
sults. The  dry,  amorphous  methyl  red  is  dissolved  in  hot 
glacial  acetic  acid  until  a  strong  solution  is  obtained.  On 
coohng  the  methyl  red  crystallizes  readily.  To  make  a 
pure  product  it  is  essential  to  filter  the  hot  acetic  acid  before 
aUowing  it  to  crystallize.  The  fumes  are  disagreeable  and 
trouble  is  encountered  bj'  crystaUization  in  the  filter. 

The  crystals  separating  from  glacial  acetic  acid  apparently 
contain  two  molecules  of  acetic  acid.  Crystals  after  expos- 
ure to  the  air  over  night  were  heated  at  105°  C.  for  15  inin.^ 
a  strong  odor  of  acetic  acid  being  evolved. 

Per  cent 

CHj.COOH  found 9.84,  9.87 

Calcd    for  CnHisNaOi  +  2CHj.COOH 10.0 

The  heated  crj'stals  had  a  golden  brown  color  in  diffused 
light,  compared  with  the  \'iolet  color  of  crj^stals  obtained 
by  dUuting  the  acetic  acid  solution  with  water. 

Methyl  red  is  easUy  soluble  in  cliloroform  and  in  warm 
benzene  and  acetone,  but  is  sparingly  soluble  in  petroleum 
ether  or  carbon  tetrachloride.  If  methyl  red  is  dissolved 
in  chloroform  and  petroleum  ether  graduaUy  added  with 
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shaking,  the  methyl  red  separates  immediately  as  fine  violet 
crystals.  A  hot,  concentrated  solution  of  methyl  red  in 
benzene,  when  allowed  to  cool  slowly,  deposits  crystals  of  the 
indicator  having  a  very  deep  violet  color.  Either  of  these 
methods  of  crystallization  are  preferable  to  the  use  of  acetic 
acid. 

Water-Soluble  IVIethyl  Red — If  the  alkaline  solution  ob- 
tained by  dissolving  the  methyl  red  in  caustic  soda  is  allowed 


to  cool,  large,  reddish  brown,  flat  plates  of  the  sodium  salt 
of  methyl  red  separate.  These  crystals,  like  those  of  methyl 
orange,  are  readily  soluble  in  water  and  entirely  suitable  as 
a  titrimetric  indicator  after  a  further  recrystallization. 
This  form  of  methyl  red  has  only  recently  become  available 
to  chemists;  yet,  it  has  the  advantage  of  being  soluble  in 
water,  while  the  violet  and  steel-blue  crystals  must  be  dis- 
solved in  alcohol. 


The  Determination  of  Urea  Alone  and  in  the  Presence  of 
Cyanamide  by  Means  of  Urease' 


By  Edward  J.  Fox  and  Walter  J.  Geldard 


Fi.xED  NiTRDGiiN  Research  La 


AN     ACCURATE 
method  for  the  de- 
termination of  urea 
was  required  in  connection 
with  a  number  of  investiga- 
tions at  this  laboratory  on 
calcium  cyanamide  and  its 
derivatives.    In  the  method 
which  has  been  frequently 
employed    for    its     deter- 
mination in  commercial  cal- 
cium cyanamide  the  difference  between  total  nitrogen  and 
the  sum  of  cyanamide  and  dicyanodiamide  nitrogen  is  con- 
sidered as  urea.     This  method  does  not  give  reliable  results, 
for  several  reasons,  as  has  been  previously  pointed  out.- 

Direct  methods,  such  as  precipitation  by  mercuric  nitrate 
or  measurement  of  the  nitrogen  liberated  on  treatment  with 
sodium  hypobromite.^  are  not  applicable  in  the  presence  of 
other  nitrogen  compounds,  which  frequently  occur  in  calcium 
cyanamide.  The  method  proposed  by  Johnson,^  which  is 
based  on  the  precipitation  of  urea  with  oxalic  acid  in  anhy- 
drous organic  solvents,  is  of  limited  application,  since  it  can 
be  used  only  on  anhydrous  samples.  The  determination  by 
means  of  xanthydroP  was  found  unsatisfactory,  since  in  the 
presence  of  strong  acetic  acid  cyanamide  is  gradually  con- 
verted into  urea. 

From  a  number  of  investigations^  on  the  action  of  the 
enzyme  urease  on  urea  and  similar  compounds,  and  on  the 
use  of  this  enzjqne  in  the  determination  of  urea  in  urine  and 
blood,  it  appeared  that  a  method  based  on  the  action  of  the 
enzyme  might  be  developed  which  would  be  applicable  to 
the  determination  of  urea  alone  and  in  various  mixtures 
containing  cyanamide  and  its  derivatives.  A  study  of  this 
possibility  was  therefore  made,  and  a  very  satisfactory  method 
was  developed  which  has  now  been  in  use  at  this  laboratory 
for  nearly  three  years. 

In  aqueous  solutions  the  enzjone  urease  converts  urea  into 
ammonium  carbonate  and  so  far  as  is  known  it  is  specific 
for  urea.  The  ammonia  thus  formed  can  then  be  readily 
determined  by  titration  with  an  acid.  The  enzyme  was 
discovered  in  the  soy  bean  by  Takeuchi'  about  1909,  and  has 

^  Received  November  18.  1922. 

-  Pranke,  "Cyanamid."   1913,   p.   22. 

'  Monnier.  Chrm^  Zl?  .  35  (1911),  601. 

*  Johnson,  This  Journal,  13  (1921),  535. 

'  Fosse,  Ann.  Mm..  6  (1916),  13. 

»  Mateer  and  Marshall,  J.  Bwl.  Chem..  14  (1913),  283;  Ibid.,  26  (1916), 
297;  Van  Slyke  and  Cullen,  Ibid.,  19  (1914),  221;  Armstrong  and  Horton, 
Proc.  Roy.  Soc.  85B  (1912)  109. 

'  J.  Coll.  Agr..  Tokyo.  1    (1909),  1414. 


An  accurate  and  direct  method  has  been  developed  for  the  deter- 
mination of  urea,  which  is  based  on  the  conversion  of  urea  to  ammon- 
ium carbonate  by  the  action  of  the  enzyme  urease  and  subsequent 
titration  of  the  ammonia  thus  formed. 

The  adaptation  of  the  method  to  various  mixtures  containing 
cyanamide  is  described,  but  the  method  appears  to  be  of  quite 
general  application. 

A  brief  study  of  the  rate  of  conversion  of  urea  by  urease  in  solutions 
of  various  concentrations  has  been  made. 


since  been  found  in  quite 
a  variety  of  beans.  It  oc- 
curs principaUy,  however, 
in  the  jack  bean  {Canavalia 
emiformis),  sword  bean 
(Canavalia  gladiaium),  and 
soy  bean  (Soja  max  or 
Glyciyie  max).  According 
to  Mateer  and  Marshall,"^ 
the  jack  bean  contains  fif- 
teen times  and  the  sword 
bean  five  times  as  much  urease  as  the  soy  bean. 

The  enzyme  is  extremely  sensitive  to  acids  and  alkalies. 
HydroclJoric  acid  in  concentrations  greater  than  0.005  A'' 
completely  inhibits  its  action,  while  sodium  hydroxide  in 
concentrations  greater  than  0.02  A''  also  inhibits  its  action. 
Temperature  greatly  affects  its  rate  of  reaction,  each  10- 
degree  rise  in  temperature  between  10°  and  50°  C.  causing 
the  velocity  to  nearly  double.  A  temperature  of  80°  C.  or 
more  will  destroy  its  activity. 

EXPERIMENT.\L 

Several  methods  of  preparing  and  preserving  the  enzyme 
have  been  presented  by  the  investigators  previously  men- 
tioned. The  enzyme  is  more  active,  however,  when  freslilj' 
extracted,  and  for  that  reason  it  is  the  practice  at  this  labora- 
tory to  prepare  it  each  day  as  needed.  A  few  grams  of  jack- 
bean  flour  are  extracted  with  twenty  times  its  weight  of  water 
for  10  to  15  min.,  exactly  neutralized  with  hydrocliloric  acid 
(about  1  cc.  of  0.1  A'^  HCl  per  gram  of  jack-bean  flour),  and 
filtered.  Ten  cubic  centimeters  of  this  extract  are  sufficient 
to  convert  0.1  g.  urea  to  ammonia  in  less  than  1  hr. 

The  procedure  first  developed  consisted  of  adding  2  to  3  g.  of 
jack-bean  flour  directly  to  the  sample  of  urea  in  water  solution, 
adding  a  few  cubic  centimeters  of  potassium  acid  phosphate  as  a 
buffer,  digesting  in  a  water  bath  at  40°  C.  for  1  hr.,  and  collecting 
the  ammonia  thus  formed  in  standard  acid  by  aeration.  The  re- 
sults of  urea  alone  were  fairly  satisfactory,  but  when  tried  in  the 
presence  of  cyanamide  they  were  usually  high.  Attempts  to 
remove  the  cyanamide  previous  to  treatment  with  urease,  with- 
out affecting  the  urea  content,  proved  futile.  The  volume  of 
solution  after  precipitating  the  cyanamide  and  subsequent  re- 
moval of  the  excess  silver,  was  so  great,  and  the  concentration  of 
inorganic  salts  so  high,  that  it  was  almost  impossible  to  get  a 
satisfactory  determination  of  the  urea. 

xVs  referred  to  later  in  connection  with  the  determination  of 
urea  in  the  presence  of  cyanamide,  the  stability  of  cyanamide 
in  aqueous  solution  decreases  rapidly  with  increasing  tempera- 
ture, particularly  in  other  than  neutral  solutions.  The 
foregoing  procedure  was,  therefore,  modified  to  overcome  this 
difficulty. 
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The  sample  in  solution  was  brought  to  exact  neutrality,  using 
methyl  red  as  the  indicator,  10  cc.  of  the  urease  solution  were 
added,  and  the  solution  was  allowed  to  stand  for  an  hour  at 
room  temperature  instead  of  at  40°  C.  An  excess  of  standard 
0.1  -V  hydrochloric  acid  was  then  added  and  the  solution  aerated 
by  passing  a  current  of  air,  washed  free  from  carbon  dioxide  and 
ammonia,  through  the  solution  until  all  of  the  carbon  dioxide  was 
expelled.  Five  to  10  min.  were  found  to  be  sufficient  for  this. 
The  excess  acid  was  titrated  with  standard  0.1  .V  sodium  hy- 
droxide. The  acid  used  up  is  a  direct  measure  of  the  urea  orig- 
inally in  solution.  Each  cubic  centimeter  of  0.1  A' acid  is  equiv- 
alent to  3  mg.  of  urea.  This  procedure  necessitates  the  use  of 
a  neutral  solution  of  urease,  and  requires  that  the  urea  be  in 
a  neutral  solution  free  from  carbonates  or  other  substances  that 
would  affect  the  final  titration.  Results  by  this  method  are 
accurate  to  w-ithin  a  few  hundredths  of  a  per  cent,  the  accuracy 
being  limited  only  by  the  accuracy  of  the  measurement  of  the 
reagents.  For  samples  containing  soluble  carbonates  it  is  neces- 
sary to  remove  the  carbon  dioxide  previous  to  the  addition  of 
the  urease  solution.  This  is  readily  accomplished  by  making  the 
solution  acid,  aerating  as  described  above,  and  again  neutralizing. 

lu  order  to  determine  safe  limits,  both  as  to  time  of  diges- 
tion and  quantities  of  urea  and  urease,  vritii  which  to  work, 
the  following  experiments  were  carried  out: 

A  250-cc.  solution  containing  2.5000  g.  of  urea  was  prepared. 
The  urease  solution  was  made  from  freshly  ground  jack-bean 
flour  (200  mesh) .  Fifteen  grams  of  flour  were  extracted  with  .300 
cc.  of  water  for  15  min.,  with  frequent  stirring,  the  solution 
neutralized  with  15  cc.  of  0.1  X  hydrochloric  acid,  and  the 
insoluble  residue  allowed  to  settle  out.  The  extract  was  then 
filtered  through  a  fluted  filter  paper.  In  this  way  quite  rapid 
filtration  was  obtained. 

Aliquots  containing  50,  100,  and  200  mg.  of  urea  were  pipetted 
into  tall-form,  wide-mouth  bottles  (capacity  100  cc.  i  and  diluted 
so  that  when  the  urease  solution  was  added  the  total  volume 
was  50  cc. ;  5,  10,  or  20  cc.  of  the  urease  solution  were  then  added 
to  the  various  solutions,  the  time  noted,  and  the  reaction  stopped 
at  various  intervals  by  running  in  a  measured  excess  of  0.1  -V 
hydrochloric  acid  solution.  The  sample  was  then  aerated  by 
passing  a  rapid  current  of  air  for  5  min.,  and  the  excess  acid 
titrated  with  0.1  A'  sodium  hydroxide  solution. 

The  following  data  were  obtained,  which  clearly  show  the 
coiu^e  of  the  reaction : 

R.ATE  OF  Conversion  of  Urea  to  Ammoni.\  by  Ure.\si 


99.3       99  9 


Experiments  A,  B,  and  C  show  that  the  rate  of  reaction  is 
dependent  on  the  concentration  of  urease  and  that  the  rate 
for  the  first  few  minutes  varies  approximately  as  the  ratio  of 
the  concentrations.  B,  D,  and  E  show  the  effect  of  urea 
concentration. 

Most  salts  have  a  depressing  effect  on  the  action  of  the 
lu-ease.  Sodium  cliloride  in  concentration  of  0.25  per  cent 
depresses  the  rate  of  reaction  to  about  two-thirds  normal, 
wliile  concentration  of  1  per  cent  depresses  the  rate  to  one- 
half  normal.  Barium  and  calcium  clilorides  completely 
inliibit  the  action  of  lu-ease  after  the  conversion  is  about  75 
per  cent  complete.  To  determine  urea  in  the  presence  of 
these  salts,  therefore,  it  is  necessary  to  remov'e  them  from 
solution  pre\-ious  to  the  addition  of  the  urease.  Tliis  is 
readily  accomplished  by  precipitating  them  as  carbonates. 
The  excess  carbon  dioxide  is  then  remo\'ed  by  aeration  as 
described  above. 

Determination  of  Urea  Alone 

As  a  result  of  the  preceding  experiments  the  following 
procedure  has  been  adopted: 

Weigh  out  a  0.5-g.  sample  and  dissolve  it  in  250  cc.  of  water. 
Pipet  25  cc.  into  a  tall-form,  wide-mouth  bottle  of  about  100-cc. 


Urea 
Added 
Expt.    Mg. 

Urease 

Added 

Cc. 

cent  Ui 
3 

■ea  Co 

1 

2""^ 

A       100 

20 

66.9 

95.4 

99.9 

B       100 

10 

30.0 

45.0 

87^6 

C       100 

5 

23.7 

49.2 

D          50 

10 

47  ;i 

84.0 

97.2 

E       200 

10 

17.2 

28.5 

56  .'2 

capacity,  add  a  few  drops  of  methyl  red  indicator  and  bring  to 
e.xact  neutrality,  using  0.1  A'  hydrochloric  acid  or  sodium  hy- 
droxide. Add  10  cc.  of  neutral  urease  solution  and  let  stand  for 
1  hr..  keeping  the  mouth  of  the  bottle  stoppered.  Add  from  a 
buret  a  measured  excess  of  standard  0.1  A'  hydrochloric  acid 
solution,  insert  into  the  bottle  a  glass  tube  with  a  small  bulb  and 
fine  holes  at  its  lower  end,  connect  with  the  air  line  through  a 
series  of  acid  and  alkali  gas-washing  bottles,  and  aerate  as  vig- 
orously as  possible  without  danger  of  losing  some  of  the  solution 
through  spattering,  until  all  the  carbon  dioxide  is  removed — 
from  5  to  10  min.  Two  or  three  drops  of  caprylic  alcohol  or 
liquid  petrolatum  added  to  the  solution  will  prevent  frothing. 
After  aerating  for  5  min.,  reduce  the  current  of  air  and  titrate 
the  solution  to  exact  neutrality  with  0.1  N  sodium  hydroxide 
solution. 

Results  of  Determination  of  Urea 
Urea  Used  Acid  Useda       Urea  Equivalent  Per  cent 


Mg. 

Cc. 

Mg. 

Recovered 

50.0 

16.67 

50.01 

100.02 

50.0 

16.67 

50.01 

100.02 

50.0 

16.67 

50.01 

100.02 

50.0 

16.66 

49.98 

99.96 

20.0 

6.66 

19.98 

99.90 

20.0 

6.67 

20.01 

100.05 

a  Since  a  small  difference  in  the  quantity  of  0.1  AT  acid  used  produces 
such  relatively  large  variations  in  the  calculated  result,  the  use  of  a  more 
dilute  acid  would  have  been  preferable. 

Determination  of  Urea  in  the  Presence  of  Cyanamide 

The  applicability  of  the  urease  method  to  the  determination 
of  urea  in  the  presence  of  cj'anamide  was  determined  in  solu- 
tions of  knowTi  urea  and  cyanamide  content  by  the  method 
just  described.  Since  the  cj'anamide  contained  a  small 
percentage  of  urea  as  an  impurity,  it  was  necessary  to  make  a 
correction  for  it.  The  correction  was  determined  by  cUfference 
between  total  nitrogen  and  cyanamide  nitrogen,  and  agreed 
with  the  urea  nitrogen  as  found  by  the  urease  method.  The 
solutions  used  and  results  obtained  are  shown  in  the  following 
table: 


Urea 

H:CNj 

Urea 

Acid 

Urea 

Added 

Added 

in  H2CN2 

Used 

Equivalent 

Per  cent 

show  the 

Mg. 

Mg. 

Mg. 

Cc. 

Mg. 

Recovered 

50.0 

50.0 

0.18 

16.73 

50.19 

100  02 

50  0 

.50.0 

0.18 

16.73 

50.19 

100.02 

20  0 

50.0 

0.18 

6.73 

20.19 

100.05 

20.0 

50.0 

0.18 

6.73 

20.19 

100.05 

LRIOLS  CON- 

From  these  analyses  it  is  evident  that  the  determination  of 
urea  in  the  presence  of  cj-anamide  is  entirely  reliable.  The 
high  results  previously  obtained  by  the  digestion  and  aeration 
method  are  explained  by  the  fact  that  cyanamide  is  partially 
converted  to  urea  in  the  slightly  alkaline  medium  which 
quickly  results  from  the  action  of  urease  on  the  urea  in  solu- 
tion. At  40°  C.  the  conversion  of  cyanamide  to  urea  is  much 
more  rapid  than  at  room  temperature.  Furthermore,  the 
solution  is  made  much  more  alkaline  upon  the  addition  of 
jack-bean  flour  to  the  solution  than  it  is  by  the  addition  of 
neutral  urease  solution. 

Determination  of  Urea  in  CYANA^UDE* 

Extract  2  g.  of  cyanamide  with  400  cc.  of  water  for  2  hrs., 
add  2  g.  of  anhydrous  sodium  carbonate  to  precipitate  the  calcium, 
and  continue  to  shake  for  another  half  hour.  Filter  the  extract 
through  a  dry  filter  and  take  25-cc.  aliquots  for  urea  analysis. 
Pipet  the  aliquots  into  the  bottles  previously  mentioned,  make 
the  solution  distinctly  acid  with  dilute  hydrochloric  acid  and 
aerate  until  all  the  carbon  dioxide  is  expelled,  as  shown  by  the 
sharpness  of  the  end-point  in  the  subsequent  neutralization. 
Then  make  the  solution  exactly  neutral,  using  methyl  red  as 
indicator,  add  urease  solution,  and  determine  urea  as  described 
above. 

The  reliability  of  this  procedure  is  shown  by  the  following 
experiment : 

A  sample  of  cyanamide  was  first  analyzed  for  urea  and  then  to 
2-g.  samples  of  the  same  lot  were  added  0.1  g.  and  0.5  g.  of  pure 
lu-ea.     The  results  are  shown  in  the  following  table : 


naterial,  hydrated  and  oUed  commercial  calcium  cyanamide. 
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2.0000 
2  0000 
2.0000 


None 
0.100 
0.500 


0.01344 
0.11328 
0.51284 


Determination  of   Urea   in   Phosphate    Mixtures 

The  method  was  also  applied  to  the  determination  of  urea 
in  mixtures  of  cyanamide  with  acid  phosphate  and  with 
calcined  phosphate. 

For  such  mixtures  which  contain  from  1  to  4  per  cent  nitrogen 
as  cyanamide,  an  8-g.  sample  was  extracted  with  400  cc.  of 
water  the  same  as  for  cyanamide.  The  phosphate  is  then  pre- 
cipitated completely  with  barium  hydroxide,  the  excess  barium 
precipitated  along  with  any  soluble  calcium  salts  by  the  addition 
of  a  few  grams  of  sodium  carbonate,  the  extract  filtered  through 


a  dry  filter,  and  aliquots  taken  for  urea  determination  as  for 
cyanamide. 


8  (acid) 
8  (calcined') 
8  (calcined) 


0.1000 
0 . 5000 
O.IOOO 

0  .'•>ooo 


0,10030 
0,50016 
0.10080 
0,50016 


Per    cent 
Recovered 
100.30 
100.03 
100.80 
100.03 


In  addition  to  the  various  applications  of  the  urease  method 
as  shown  in  this  paper,  the  method  has  been  very  satisfactorily 
employed  in  a  number  of  other  cases  and,  hence,  it  appears 
to  be  of  quite  general  application. 

Acknowledgment 

Acknowledgment  is  made  to  .J.  M.  Braham  for  his  helpful 
criticism  and  cooperation  in  the  preparation  of  this  paper. 


Expression  of  Quantity  of  Water-Soluble  Arsenic  Present  in 
Commercial  Lead  Arsenates' 


By  C.  A.  Klein  and  W.  Huhne 

Lead  Co.,  Ltd.,  Enfield  Highway,  Middlesex,  England 


The  method  now  used  for  the  expression  of  the  water-soluble  ar- 
senic content  of  lead  arsenates  is  considered  to  be  irrational,  since  it 
ignores  the  fact  that  the  quantity  of  water-soluble  arsenic  present 
in  a  spraying  mixture  is  determined,  not  solely  by  the  quantity  in 
which  it  is  present  in  the  arsenate  as  sold,  but  by  the  total  quantity 
of  the  arsenic  present,  the  latter  being  the  factor  which  determines 
the  proportions  of  commercial  lead  arsenate  and  water  used  in 
making  up  spray  mixtures.      It  is  suggested  that,  in  order  to  estab- 


lish a  better  standard  of  comparison  between  the  water-soluble 
contents  of  lead  arsenates  of  varying  composition,  the  former  shall 
be  calculated  and  expressed  as  a  percentage  of  the  total  arsenic 
present.  It  is  also  suggested  that  all  analytical  values  shall  be 
determined  on  the  samples  as  received,  but  shall  be  expressed  on 
the  basis  of  dried  material,  and  not,  as  is  frequently  the  case,  on 
the  samples  as  received,  which  may  be  in  the  dry  or  paste  form,  the 
water  content  of  the  latter  being  l^nown  to  vary  within  wide  limits. 


IN  THE  course  of  an  investigation  concerning  the  prepara- 
tion and  use  of  commercial  lead  arsenates  for  horti- 
cultural and  agricultural  purposes,  it  appeared  that  the 
systems  now  in  use  for  the  expression  of  the  water-soluble 
arsenic  contents  are  unsatisfactory  and  require  modification. 
It  is  generally  accepted  that  in  order  to  be  effective,  the 
mixture  of  water  and  lead  arsenates  used  for  spraying  must 
contain  not  less  than  a  certain  minimum  quantity  of  arsenic, 
and  further,  owing  to  the  injury  caused  to  foliage  by  water- 
soluble  arsenic,  it  is  necessary  to  limit  the  quantity  which 
may  be  permitted. 

Comparison  of  British  and  United  States  Specifications 

The  U.  S.  A.  Federal  Insecticide  Act  of  1910  decrees  that 
"lead  arsenate  paste  must  not  contain  more  than  50  per  cent 
water  or  more  than  0.75  per  cent  of  water-soluble  arsenic 
(expressed  as  AS2O5),  and  not  less  than  12.5  per  cent  of  total 
AS2O5." 

The  limits  recommended  by  the  Ministry  of  Agriculture 
and  Fisheries_  of  Great  Britain  {Leaflet  363)  are  that  lead 
arsenate  pastes  shall  contain  not  less  than  14  per  cent  of 
AS2O5  and  not  more  than  0.5  per  cent  water-soluble  arsenic 
(expressed  as  AsjOs),  and  that  the  material  when  dry  shall 
contain  not  less  than  28  per  cent  of  AS2O6.  Further,  the 
substances  other  than  arsenate  of  lead  and  water  which  may 
be  present  in  the  paste  as  sold  shall  not  exceed  3  per  cent. 
It  is  also  recommended  that  the  container  shall  be  labeled 
to  indicate  in  terms  of  AsjOs  the  actual  percentage  of  arsenic 
present,  together  with  the  dilution  required  for  the  production 
of  a  standard  spraying  mixture  containing  0.1  per  cent  of 
arsenic  pentoxide. 

>  Received  June  22,  1922. 


A  comparison  of  the  two  specifications  made  on  the  same 
isis  is  as  below: 


basis  is  as  below 


(Calculated  on   Dry  Product,  Assuming   50   Per   cent   Water 
Paste) 
Total  AsiOb  Soluble  AsiOs 


Federal  Insecticide  Act,  1910,  U.S.A. 

Ministry  of  Agriculture  and  Fisheries 

Great  Britain 


The  following  analyses  show  that  in  America  and  England 
much  of  the  arsenate  sold  contains  total  AsoOs  considerably 
in  excess  of  that  laid  down  as  the  minimum  permissible 
quantity: 


English  Lea 
(Determined  oi 


0  Arse 
paste  a 


:  as  sold) 

Total  AsiOs 

Expressed  on  Dried 

Material 

% 

33.04 

32.93 

31.95 

30.53 

32,34 


The  following  analyses  published  by  Robinson^  refer  to 
dry  material: 


Arsenates 

Total  AsiOj 
% 
31.80 
31.65 
31.27 
30.75 
32.07 
32.94 
31.04 


<  This  Journal,  14  (1922),  314. 
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These  analyses  indicate  that  lead  hydrogen  arsenate  is 
largely  replacing  the  normal  arsenate,  and  the  authors  are 
in  agreement  with  Robinson  in  ascribing  this  change  to  the 
increased  killing  power  of  the  acid  salt  and,  to  some  extent, 
to  the  fact  that  a  commercial  advantage  lies  in  the  prepara- 
tion of  such  compounds  by  the  lowering  of  the  ratio  of  lead 
to  arsenic  when  arsenates  are  sold — as  should  always  be 
the  case — on  their  arsenic  content. 

Reason  for  Change  in  Method  of  Expression 

It  appears  to  us  that  in  respect  to  the  permissible  quantity 
of  water-soluble  arsenic  a  new  position  has  been  created  by 
this  increase  in  the  total  arsenic  content  of  commercial  lead 
arsenates.  The  prevaihng  hmits  were  fixed  when  arsenates 
of  lower  AS2O5  content  were  marketed,  and  while  the  methods 
of  expression  then  devised  were  satisfactory,  it  seems  that 
modification  is  now  necessary  because  of  incongruities  which 
arise.  In  the  opinion  of  the  authors,  the  water-soluble 
arsenic  content  should  be  expressed  as  the  percentage  of  the 
total  arsenic  present,  the  reason  for  this  being  apparent  in 
the  following  circumstances. 

Spray  mixture,  in  order  to  be  effective  as  a  kiUing  agent, 
depends  on  the  quantity  of  AsoOs  present,  and  therefore  the 
sole  factor  involved  in  making  up  an  efficient  spray  is  the 
total  arsenic  content  of  the  material,  the  quantity  of  water- 
soluble  arsenic  being  disregarded  in  this  connection.  Thus, 
of  two  samples  of  lead  arsenate  pastes  having  the  following 
composition.  Sample  A  would  be  approved  under  the  limits 
of  the  Federal  Insecticide  Act,  while  B,  containing  water- 
soluble  arsenic  in  excess,  would  be  rejected. 


% 


% 

16.0 
0.8 


On  making  up  spraying  mixtures  from  these  pastes  to  a 
common  killing  strength  of  0.1  per  cent  of  AS2O5,  the  soluble 
arsenic  content  in  the  two  sprays  would  be: 


so  that  although  Paste  B  would  be  rejected  on  paste  analysis, 
it  would  produce  a  mixture  of  the  same  killing  strength  as 
Paste  A,  and,  containing  less  water-soluble  arsenic,  would 
therefore  be  preferable. 

Suggested  Changes 

Numerous  instances  of  this  Icind  have  been  noticed  and 
the  writers  believe  that  the  only  satisfactory  method  which 
will  insure  the  maintenance  of  a  proper  ratio  between  the 
desirable  AS2O5  and  the  undesirable  water-soluble  AsjOs  is 
the  expression  of  the  water-soluble  arsenic  as  a  percentage 
of  the  whole  arsenic.  On  this  basis  the  Federal  Insecticide 
Act  Specification  would  read  "the  total  AsjOe  present  shall 
not  be  less  than  25  per  cent  on  the  dry  material  and  of  the 
total  AS2O5  present,  not  more  than  (5  per  cent  shall  be  soluble 
in  water." 


IS  OF  Dry  C 

OMMEHCIAI, 

Poi 

.VDERS 

Parts  of  Water- 

Total 

Water-Soluble 

Soluble  AsiOi 

AS2O6 

AszOi 

per  100  Parts 

% 

% 

Total  AsiOs 

31.64 

0.04 

0.12 

31.80 

0.06 

0.19 

31.27 

0.06 

0.19 

32.94 

0.07 

0.21 

30.75 

0.12 

0.39 

31.04 

0.16 

0.52 

32.07 

0.17 

0.53 

The  English  specification  would  be  similar  except  for  the 
substitution  of  28  per  cent  for  25  per  cent  and  of  3.6  for  6 
in  respect  to  total  AS2O5  and  water-soluble  AszOs,  respectively. 
This  basis  of  comparison  has  the  advantage  of  placing  a 


referee  analyst  in  a  more  satisfactory  position  when  called 
upon  to  deal  with  samples  which  are  on  the  border  line. 

The  following  analyses  of  Robinson,  and  calculated  by 
the  writers  on  this  basis,  are  submitted  as  illustrating  the 
method   of  expression: 

Their  experience  has  shown  the  confusion  which  occurs 
owing  to  the  expression  of  analytical  results  on  the  basis  of 
paste  containing  water,  and  in  view  of  the  difficulties  of 
samphng  and  irregularities  due  to  evaporation,  they  suggest 
that  a  more  satisfactory  basis  of  comparison  for  materials 
like  lead  arsenate  pastes  is  to  be  found  in  the  expression  of 
all  results  on  the  dried  material,  a  course  which  will  be  con- 
ducive to  more  general  accuracy  and  agreement.  The  wide 
difference  between  the  limits  of  soluble  arsenic  permitted  in 
sprays  made  from  materials  conforming  with  the  two  speci- 
fications under  discussion,  is  worthy  of  note,  and  it  would 
be  interesting  to  know  whether  these  hmits  have  been  fixed 
in  their  respective  countries  by  field  tests  or  on  what  other 
ground  they  hare  been  determined. 


Further  Tests  on  Chlorine  as  a  Pre- 
ventive of  Influenza' 

By  Harrison  Hale 

University  of  Ark.\nsas.  Fayetteville,  Ark. 


Tests  were  made  at  the  University  of  Arkansas  from  Feb- 
ruary 22  to  March  2,  192.3,  on  chlorine  as  a  preventive  of 
influenza.  The  conditions  were  similar  to  those  in  former 
tests  made  in  February,  1920.^ 

Nearly  300  faculty  members,  students,  and  others  took  ap- 
proximately 900  treatments,  which  consisted  in  breathing  for 
5  min.  daily  air  containing  a  small  amount  of  chlorine. 

The  number  of  cases  of  influenza  in  the  college  dormitories 
during  this  period  was  at  the  rate  of  133  per  thousand. 
Among  all  those  taking  the  treatment,  some  of  whom  came 
only  once,  the  rate  was  44  per  thousand.  This  figure  in- 
cluded those  who  stated  that  they  were  sick  at  the  time  treat- 
ment was  taken,  as  well  as  those  who  took  only  one  or  two 
treatments  and  developed  influenza  some  days  later.  Omit- 
ting such  cases,  the  rate  among  those  taking  the  treatment  was 
13  per  thousand,  or  about  one-tenth  of  the  average  rate. 

These  results  agree  with  those  obtained  in  our  previous 
tests.''  They  are  also  in  accord  with  reports  made  by  Gude- 
man^  and  by  Baskerville.''  All  this  suggests  the  possibilities 
of  the  use,  not  only  of  chlorine,  but  also  of  other  gases  against 
influenza  and  simOar  diseases.  Would  not  exhaustive  re- 
search upon  this  subject  carried  on  under  rigid  medical  and 
bacteriological  control  be  decidedly  worth  whOe? 

The  minimum  amount  of  chlorine  needed  for  protection, 
how  long  this  protection  lasts,  and  the  best  method  of  treat- 
ment are  all  unknown.  Tests  have  usuaDy  been  made  with 
air  containing  small  amounts  of  chlorine,  but  Gudeman^ 
found  vaseline  containing  1  per  cent  chloride  of  lime  verj' 
efficient  when  "taken  through  the  nose." 

'  Received  March  13.  1923. 

!  This  Journal,  12  (1920),  S06. 

'  IbU.,  12  (1920),  376. 

>  Ibid  ,  12  (1920),  293. 

'  Personal  letter,  August  5,  1920. 


Please  Sign 
The  editor  occasionally  receives  some  comment  or  inquiry 
without  any  indication  whatever  as  to  its  source.  Usually, 
something  should  be  said  in  reply  to  the  correspondent,  who  is 
at  least  entitled  to  thanks  for  his  trouble  in  addressing  us.  We 
profit  from  correspondence  with  our  readers,  and  assure  them  that 
whatever  they  care  to  say  to  the  editor  will  carry  more  weight  if 
accompanied  by  a  name  and  address. 


July,  1923 
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An  Early  Type  of  Chemical  Slide  Rule 


By  J.  A.  Gunton 

Transylvania  College,  Lexington,  Ky. 


AMONG  the  treasured  heirlooms  of  the  library  and  museum 
of  Transylvania  College  there  exists  a  simple  piece  of 
chemical  apparatus,  dating  from  the  early  days  of  chem- 
istry in  America,  which  may  be  as  interesting  to  others  as  it  is 
to  the  author  of  this  description.  It  is  entitled,  "An  Improved 
Scale  of  Chemical  Equivalents,"  by  Lewis  C.  Beck  and  Joseph 
Henry,  Albany,  1828,  2nd  Edition — and  is  particularly  illumi- 
nating with  respect  to  the  inorganic  nomenclature  and  atomic 
weights  of  that  period. 

The  scale  itself  consists  of  a  flat  piece  of  wood  about  19  inches 
long  and  2.5  inches  wide,  fitted  with  a  sliding  portion,  as  is  the 
ordinary  slide  rule,  so  that  the  numbers  on  the  slide  may  be 
placed  opposite  the  names  of  the  elements  or  compounds  along 
cither  side  of  the  slide.  The  face  of  the  rule  is  covered  with 
paper  on  which  is  printed  the  names  of  the  elements  and  com- 
pounds that  may  be  considered  in  the  computations.  On  the 
back  of  the  rule  is  a  description  of  the  scale  and  its  construction. 
The  printing  on  both  sides  is  in  good  state  of  preservation  and 
quite  readable. 

The  mathematical  construction  is  such  that  the  slider  of  the 
scale  is  graduated  into  divisions  and  subdivisions  continually 
decreasing  in  length  from  8  at  the  top  to  330  near  the  bottom. 
These  divisions  correspond  in  relative  lengths  to  the  differences 
of  the  "logarythms"  of  the  numbers  placed  opposite  them. 

Now  since  the  division  of  numbers  is  performed  by  taking  the 
■difference  of  their  logs,  and  since  the  several  divisions  on  the  scale 
represent  the  difference  of  the  logs  of  the  numbers  placed  oppo- 
site them,  it  follows  that  the  distance  between  any  two  numbers 
will  be  equal  to  the  distance  between  any  other  two  that  give 
the  same  quotient  by  division.  But  numbers  which  give  the 
same  quotient  have  the  same  ratio  to  each  other,  therefore 
•equality  of  ratio  on  the  scale  is  expressed  by  equality  of  distance. 

The  chemical  explanation  of  the  scale  may  best  be  given  in 
the  designers'  own  words  as  printed  on  the  back: 

The  application  of  the  logametric  scale  to  Chemistry  is  founded 
on  the  most  important  fact  in  this  science;  Which  is,  that  all 
bodies  whether  simple  or  compound  that  enter  into  chemical  combina- 
tion, always  unite  in  weights  or  in  multiples  of  weights  that  have  the 
same  ratio  to  each  other.  And  as  these  relative  weights  have  the 
same  effect  in  forming  neutral  compounds  and  in  producing  other 
changes  they  are  called  the  chemical  equivalents,  and  may  be 
expressed  in  numbers  referable  to  a  common  standard  taken  as 
unity.  (These  have  been  called  the  Atomic  weights,  because 
philosophers  have  supposed  that  in  all  cases  of  chemical  combi- 
nation an  union  takes  place  between  the  ultimate  atoms  of  bodies. 
This  is  the  basis  of  the  Atomic  Theory.)  On  this  scale  the  least 
combining  quantity  of  hydrogen  is  taken  as  the  unit;  and  as 
eight  times  as  much  oxygen  enters  into  combination  with  hydro- 
j;en  to  form  the  chemical  compound  water,  oxygen  will  be  ex- 
pressed by  8  and  water  by  9.  If  therefore  the  slider  be  placed 
so  that  8  near  the  top  of  it  coincides  with  the  upper  oxygen, 
the  whole  scale  becomes  a  synoptical  table  of  these  chemical 
equivalents,  having  hydrogen  as  their  radix.  Thus  16  is  the 
equivalent  for  Sulphur,  17  for  Ammonia,  70  for  Barium,  110  for 
Silver,  etc.  These  substances  were  placed  opposite  the  re- 
spective numbers  on  the  slider  as  they  have  been  determined 
by  Thomson,  Brande,  and  other  approved  authors. 

There  are  included  in  the  list  of  substances  36  elements  and 
144  compounds  on  which  calculations  may  be  based.  Some  of 
the  terms  that  may  be  of  interest  are:  "Bi-hydruret  of  phosphorus, 
Deut.  Oxide  Hydrogen,  Phosphuret  calcium,  Muriate  of  am- 
monia, Protoiodide  mercury,  Bi  per  sulph.  copper  and  2nd 
<:hloride  tin." 

'  Received  March  16,  1923.  Presented  before  the  Section  of  History 
of  Chemistry  at  the  tj3rd  Meeting  of  the  American  Chemical  Society, 
Birmingham,  Ala..  April  3  to  7,  1922. 


As  an  example  of  the  way  in  which  the  slide  rule  may  be  used, 
we  may  take  the  case  of  carbonate  of  lime.  Without  moving  the 
slider,  the  scale  shows  us  that  the  equivalent  weight  is  50,  and 
as  this  substance  consists  of  carbonic  acid  and  lime  we  find  the 
equivalent  of  the  former  to  be  22  and  of  the  latter  to  be  28. 
The  proportion  of  these  ingredients  in  100  parts  can  be  deter- 
mined by  placing  the  slider  so  that  100  is  opposite  carbonate  of 
lime.  Then  it  will  be  noticed  that  carbonic  acid  is  opposite 
44  and  lime  opposite  56,  which  are  the  proportions  of  these  sub- 
stances in  100.  Again,  suppose  we  wish  to  ascertain  the  con- 
stituents of  100  parts  of  ammonium  nitrate.  If  we  move  the 
slider  so  that  100  is  at  nitrate  of  ammonia,  which  we  find  has 
1  W  before  it,  indicating  one  proportion  of  water,  then  1  water 
on  the  scale  is  opposite  11.3  on  the  slider,  ammonia  is  opposite 
21.2,  and  dry  nitric  acid  opposite  67.5.  The  percentage  compcsi- 
tion  of  ammonium  nitrate  is,  therefore,  water  11.3,  ammonia 
21.2,  and  dry  nitric  acid  67.5— totaling  100. 

The  designers  claim  no  originality,  stating  that  the  invention 
is  due  to  Dr.  WoUaston  and  that  it  is  stamped  with  his 
accuracy  and  ingenuity.  Wollaston's  scale  was  devised  in 
1814,=  after  he  had  calculated  the  equivalent  weights  of  12 
elements  and  45  compounds'  from  the  analyses,  mostly  by 
other  men,  of  many  compounds.  Practical  convenience  was 
his  sole  guide  and  he  thought  that  the  term  "equivalent  weight" 
was  less  theoretical  than  the  term  "atomic  weight."  The  orig- 
inal instrument  was  referred  to  by  Thomson  in  1817'  as  Wollas- 
ton's "sliding  rule  of  chemical  equivalents  so  precious  in  every 
point  of  view  to  the  practical  chemist."  The  scale  of  Beck  and 
Henry  differs  from  the  original  in  the  assumption  of  hydrogen 
as  the  radix  or  unity,  which  is  of  course  an  advantage  in  that  it 
does  away  with  fractional  quantities.  Also,  in  order  to  diminish 
the  length  of  the  scale  and  render  it  more  portable,  it  commences 
with  oxygen  8  instead  of  hydrogen  1,  and  10  atoms  of  hydrogen 
are  placed  opposite  10  on  the  slider.  For  the  same  reason  2 
of  carbons,  the  weight  of  one  atom  of  which  is  6,  are  placed 
opposite  twelve. 

The  author  has  been  unable  to  find  any  reference  in  the  liter- 
ature of  the  period  to  this  revised  form  of  Wollaston's  scale, 
and  no  record  can  be  located  with  respect  to  its  history  in  connec- 
tion with  Transylvania.  About  1830,  sums  of  money,  enormous 
for  those  days,  were  being  spent  on  books  and  apparatus,  and  it 
may  have  been  included  in  these  purchases.  Any  information 
with  respect  to  either  point  will  be  appreciated. 

=  Pattison    Muir,   "History   of   Chemical   Theories  and    Laws."    John 
Wiley  &  Sons,  Inc.,  1909,  p.    91. 
'  PInl.  trans.,  1814,  Part  I,  1. 
<  "System  of  Chemistry,"  5th  Ed.,  3  (1817),  IS. 


Dr.  Wiley  Honored 

Harvey  W.  Wiley,  president  of  the  United  States  Pharma- 
copeial  Convention,  1910  to  1920,  has  been  elected  an  honorary 
member  of  the  Pharmaceutical  Society  of  Great  Britain.  This 
society,  like  the  United  States  Pharmacopeial  Convention,  is 
charged  with  the  duty  of  keeping  the  Pharmacopeia  up  to  date. 
On  June  7,  1923,  he  also  had  an  honorary  degree  of  Master  of 
Arts  conferred  upon  him  by  the  Hahnemann  Medical  College 
and  Hospital  of  Philadelphia,  at  its  seventy-fifth  annual  com- 
mencement exercises.  On  June  20,  Dr.  Wiley  went  to  Cam- 
bridge, Mass.,  to  participate  in  the  festivities  in  connection  with 
the  fiftieth  anniversary  of  his  graduation  from  Harvard  Uni- 
versity. 
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The  Preparation  of  Standard  Cotton  Cellulose  and  the 
Proposed  Methods  of  Analysis 

Report  of  the  Committee  of  the  Division  of  Cellulose  Chemistrv  of  the  American  Chemical  Society 


REPORT    I— THE    PREPARA- 
TION OF  STANDARD  COT- 
TON CELLULOSE' 


Raw  Material 

IT  HAS  been  customary 
in  scientific  research 
work  on  cellulose  to  con- 
sider absorbent  cotton  or 
filter  paper  as  pure  cellu- 
lose, but  this  has  led  to  nu- 
merous misunderstandings 
and  discrepancies  in  analyt- 
ical data,  owing  to  the  fact 
that  the  various  authors  do 
not  state  the  method  of  puri- 
fication   employed     or     the 

source  from  which  the  cellulose  was  derived .  In  view  of  these  diffi- 
culties, it  is  considered  advisable  to  prepare,  according  to  specific 
standard  methods,  an  extremely  pure  cellulose  which  will  be 
available  for  research  work  so  that  the  various  investigators  may 
have  the  assurance  that  they  are  dealing  with  identical,  well- 
defined  products.  As  the  raw  material  for  the  preparation  of 
standard  cotton  cellulose,  it  has  been  found  from  the  investiga- 
tions on  this  subject  carried  out  in  the  laboratories  of  the  James  P. 
Hooper  Manufacturing  Company,  that  American  cotton  is  quite 
as  satisfactory  for  this  purpose  as  Egyptian  Macco  cotton  (thus 
confirming  and  amplifying  the  work  of  Schwalbe  as  outlined  in  the 
dissertation  of  his  pupils,  Robinoff  and  Bay). 

It  is  well  known  that  raw  cotton  selected  from  various  lots  from 
the  same  location  will,  on  purification,  vary  somewhat  in  physical 
and  chemical  characteristics,  due  to  slight  variations  in  the  plant 
species  and  conditions  of  growth,  but  this  variation  is  so  slight 
that  it  may  be  considered  negligible. 

Selection  of  Raw  Material 

Since  the  properties  of  cotton  fiber  vary  with  location,  it  is 
necessary  first  to  select  the  latter  and  then  so  to  standardize  the 
purification  that  the  resulting  product  can  be  regarded  as  "stand- 
ard cotton  cellulose" — viz.,  a  material  obtained  from  a  natural 
cotton  of  very  high  purity,  treated  by  processes  admittedly  not 
severe  enough  to  bring  about  any  fundamental  change  in  the  con- 
stitution of  the  cotton  cellulose,  yet  sufficient  to  yield  a  cotton 
cellulose  of  high  purity. 

Procedure 

The  following  method  is  proposed  as  a  standard  procedure  for 
the  preparation  of  a  "standard  cotton  cellulose;" 

Mechanically  clean  100  g.  of  Wannamaker's  Cleveland  raw 
cotton  by  removing  the  seeds  and  other  "visible"  impurities  by 
hand-picking.  Boil  for  4  hrs.  with  3000  cc.  of  a  solution  contain- 
ing 30  g.  sodium  hydroxide  and  15  g.  rosin  in  a  large  glass  vessel 
provided  with  a  cover  fitted  with  a  small  hole  in  the  center,  as 
shown  in  the  accompanying  sketch.  Place  the  cotton  loosely 
in  a  nickel-screen  container,  to  which  a  small  nickel  chain  pass- 
ing through  the  hole  in  the  center  of  the  cover  of  the  glass  vessel 
is  attached. 

>  By  the  term  "standard  cotton  cellulose"  is  meant  a  very  high-grade 
cotton  cellulose,  purified  by  a  process  in  which,  as  far  as  possible,  a  minimum 
chemical  change  in  the  cellulose  itself  is  brought  about.  The  purity  is  de- 
fined with  reference  to  the  following  constants:  ash.  nitrogen,  cellulose 
number,  copper  number,  hydrolysis  number,  cellulose,  furfural;  and  cellulose 
number,  copper  number,  and  hydrolysis  number  of  the  isolated  cellulose,  as 
determined  by  the  standard  analytical  methods  adopted  by  the  Di\'ision  of 
Cellulose  Chemistry  of  the  American  Chemical  Society. 


The  accompanying  reports  represent  the  worl(  carried  out  by  the 
committee  at  the  request  of  the  Division  of  Cellulose  Chemistry. 

With  regard  to  Report  I — "Preparation  of  Standard  Cotton 
Cellulose."  the  method  described  has  been  accepted  by  the  dioision 
as  standard  procedure.  The  committee  desires  to  express  its  hearty 
thanks  to  W.  O.  Mitscherling,  of  the  Hooper  Mfg.  Co..  Baltimore, 
Md..for  his  valuable  help  in  this  connection,  and  to  thank,  this  com- 
pany for  its  kindness  in  giving  him  the  necessary  facilities. 

Concerning  Report  II — "Proposed  Methods  of  Analysis."  the 
Division  of  Cellulose  Chemistry  desires  that  this  report  be  given 
careful  consideration  by  those  interested. 

Any  objections  or  criticisms  are  to  be  discussed  fully  at  the  .Mil- 
waukee meeting,  where  it  is  hoped  the  report  may  be  presented  for 
final  action. 


The  process,  which  is  a 
slight  modification  of  that  of 
Robinoff,-  is  carried  out  as 
follows : 

Raise  the  rosin-soap  solu- 
tion to  the  boiling  point, 
then  place  the  nickel-screen 
container  holding  the  cotton 
in  the  vessel,  draw  the  chain 
through  the  center  of  the 
cover,  and  attach  to  a  me- 
chanical stirring  device  giv- 
ing a  direct,  vertical,  up-and- 
down  movement.  Operating 
in  this  manner,  the  cotton 
is  neither  exposed  to  the 
oxidizing  action  of  the  atmosphere  nor  to  the  danger  of  super- 
heating from  contact  with  the  bottom  or  sides  of  the  vessel. 
Boil  for  4  hrs.,  and  then  remove  the  brown  alkaline  solution  by 
displacing  with  hot  distilled  water  until  the  wash  water  is  only 
slightly  alkaline. 

Heat  for  15  min.  with  an  additional  3000  cc.  of  caustic  soda 
solution  containing  5  g.  sodium  hydroxide  in  3000  cc.  of  boiled 
water,  and  remove  the  liquid  by 
displacement  with  hot  distilled 
water.  By  this  means  the  bulk 
of  the  rosin  is  removed.  Treat 
the  cotton  again  for  10  min.  with 
3000  cc.  of  boiling  dilute  caustic 
soda  containing  3.0  g.  sodium  hy- 
droxide by  weight,  and  again  re- 
place the  caustic  solution  by  hot 
water.  During  the  whole  proc- 
ess the  cotton  must  not  come  in 
contact  with  air.  Dump  the 
cotton  from  the  nickel-screen 
container  into  cold  water  in  a 
large  glass  beaker  and  allow  to 
cool  in  this  liquid  to  18°  to  20°  C, 
in  order  to  avoid  surface  changes. 
Drain  the  cotton  and  then  bleach 

it  by  immersing  in  3000  cc.  of  a  sodium  hypochlorite  solution 
(available  chlorine  content  =  0.1  per  cent  chlorine)  contained  in  a 
glass  vessel,  the  solution  being  maintained  at  20°  C.  and  prepared 
as  indicated  in  the  appendix.  Carry  out  the  operation  in  diffused 
light  and  after  standing  for  one  hour  rinse  the  cotton  by  washing 
on  a  Biichner  funnel  with  distilled  water  for  10  min.,  repeating 
the  operation  three  times.  During  the  last  rinsing  add  a  satu- 
rated solution  of  sodium  bisulfite  drop  by  drop  until  iodo-starch 
paper  is  no  longer  colored.  Rinse  the  cotton  again  with  distilled 
water  on  a  Buchner  funnel,  and  dry  by  folding  in  linen  cloth 
surrounded  by  high-grade  filter  paper  and  subjecting  to  hand  pres- 
sure, leaving  the  material  for  several  days  in  a  room  where  no 
fumes  can  affect  it.  Thus  prepared,  it  contains  a  very  small  trace 
of  fat,  which  may  be  removed  by  extraction  with  alcohol-benzene 
mixture,  but  which  is  so  slight  as  to  be  considered  negligible. 

Appendlx 

Selection  of  Raw  Cotton — This  should  be  Wannamaker's 
Cleveland  early  short  staple  cotton,  as  grown  at  the    Model 

2  Dissertation,  Darmstadt,  1912. 


A  Represents  Bent  Glass 
Tube  through  Which  the  Wash- 
Water  Is  Added  to  Displace  the 
Liquid.  B  Is  a  Siphon.  A  ane> 
B  Are  Removed  when  Cellu- 
lose Is  Boiled 
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Seed  Farm,  St.  Matthews,  S.  C.  The  "visible,"  or  mechanical, 
impurities  are  to  be  removed  by  hand. 

Apparatus — The  apparatus  is  illustrated  in  the  accompanying 
sketch  and  is  constructed  of  nickel  screen  and  Pyrex  glass.  Used 
in  the  manner  described  above,  the  cotton  is  thoroughly  pro- 
tected from  discoloration  arising  from  atmospheric  influence,  as 
well  as  from  local  superheating  due  to  contact  with  the  sides  of 
the  container. 

Caustic  Soda  Solutions — These  are  prepared  by  the  use  of 
recently  boiled  distilled  water. 

Rosin  Solution — This  is  prepared  from  a  high-grade  rosin 
of  very  low  ash  content,  and  is  introduced  since  experience  has 
shown  that  the  presence  of  sodium  rosinate  naturally  facilitates 
the  removal  of  the  fats  and  waxes,  and  also,  to  a  certain  extent, 
brings  about  a  softening  of  the  fiber. 

Preparation  of  Sodium  Hypochlorite  Solution — The 
chlorine  gas  is  obtained  from  compressed  electrolytic  chlorine. 
Dissolve  480  g.  of  pure  caustic  soda  in  8  liters  of  air-free  water 
and  bubble  chlorine  gas  slowly  into  the  solution  until  a  test  with 
phenolphthalein  solution  indicates  a  neutral  reaction.  Carry 
out  the  experiment  in  diffused  light  and  keep  the  solution  at  0° 
to  20°  C.  during  the  entire  reaction.  (This  operation  is  best 
performed  by  saturating  the  solution  over  night,  the  chlorine 
cylinder  being  kept  in  a  water  bath  maintained  at  15°  to  20°  C, 
and  a  safety  bottle  being  placed  between  the  cylinder  and  absorp- 
tion flask  to  avoid  any  danger  of  contents  being  drawn  back  into 
the  liquid  chlorine.') 

Analysis  of  "Standard  Cellulose" — The  following  deter- 
minations should  be  made  according  to  the  standard  methods 
adopted  by  the  Cellulose  Division  of  the  American  Chemical 
Society  (and  based  on  the  bone-dry  material,  the  moisture  being 
determined  by  drying  the  material  to  constant  weight  at  1 05  °  C . ) . 

1— Ash  5— Hydrolysis  number 

2 — Nitrogen  6 — Cellulose 

3— Cellulose  number  7— Yield  of  furfural 

4 — Copper  number  S — Cellulose  number,  copper  number,  and  hydrol- 

ysis number  of  the  isolated  cellulose 

Analyses  of  Various  American  Cottons 

By  W.  O.  MiTSCHERLING 

Sea  Island — This  variety  does  not  give  linters,  and  is  very 
adaptable  for  the  production  of  a  standard  cellulose;  however, 
it  is  not  a  dependable  source.  The  commercial  Sea  Island  pro- 
duction has  been  so  reduced  in  recent  years  by  the  ravages  of  the 
boll  weevil  that  it  cannot  be  recommended.  Upland  varieties 
are  less  pure  (10  samples). 

3  For  further  information  on  the  preparation  of  bleaching  solutions 
reference  is  made  to  Matthews'  "Bleaching  and  Related  Processes."  1921, 
p.  532. 


Wannamaker's  Cleveland— Breeders:  The  Model  Seed 
Farm,  St.  Matthews,  S.  C. 

This  cotton  is  a  medium  size  boll  and  early  short  staple.  It  is 
very  pure  and  can  be  safely  recommended  for  the  production  of  a 
standard  cellulose  (10  samples). 

Lone  ,Star — This  is  a  Texas  big  boll  variety,  having  a  staple 
length  of  from  I'/is  to  I'/s  in-  (10  samples). 

AcALA — Acala  is  a  Mexican  early  long  staple.  It  has  been 
acclimatized  in  tHe  United  States,  and  has  a  staple  of  l'/,6  in. 
(10  samples). 

The  following  table  gives  sufficient  comparison  of  the  various 
cottons  produced  in  the  diff'erent  sections  of  the  cotton  belt: 

Sea  Island  , Per  cent % 

(1)           (2)  (3  ) 

Cellulose 86.79  85.91  89. B2 

Ash 1.34       1.24  1.11 

Loss  in  bleach  based  on  cellulose .  .  ; 0.61  0 .  60  0 .  64 

Cuticular  matters 0.81  0 .  82  0  89 

Fats  and  wa.K 4.7.5  5.00  4.25 

ll'antiamaker's  Cleveland 

Cellulose 89.53  90.45  89.35 

Ash 1.10        1.00  1.09 

Loss  in  bleach  based  on  cellulose 0.51  0.43  0.59 

Cuticular  matters   0.71  0 .  69  072 

Fats  and  wax 4.10  4.08  4.00 

Lone  Star 

Cellulose 90.00  89.09  89.19 

Ash 1.20  1.11  1.27 

Loss  m  bleach  based  on  cellulose 1 .  00  1.10  0  97 

Cuticular  matters 0.72  0.69  0  70 

Fats  and  wax 4.12  4.00  4  13 

Acala 

Cellulose 91.40  89,44  90.11 

Ash 1.14       1.00  1.72 

Loss  in  bleach  based  on  cellulose 0.96  0.61  0.84 

Cuticular  matters 0.76  0.71  0  71 

Fats  and  wax 4.27  4.21  4.32 

From  these  analyses  it  can  be  seen  that  the  different  varieties 
are  reasonably  pure  and  uniform.  The  samples  were  shipped  in 
three  different  lots.  Each  lot  was  analyzed  separately,  and  the 
average  analysis  is  given  above.  It  may  be  of  interest  to  know 
that  the  hygroscopic  moisture  averages  6  to  8  per  cent. 

All  samples  were  purified  by  the  process  as  submitted  before. 
Ten  purification  tests  were  made  for  each  variety  (see  table  below). 

It  is  very  difficult  to  wash  long  staple  varieties,  and  in  purifica- 
tion particular  care  must  be  taken  to  place  the  cotton  very  loosely 
in  the  purification  apparatus,  otherwise  it  is  quite  impossible  to 
wash  out  caustic  without  addition  of  acid,  which  is,  of  course, 
incorrect. 

Concerning  activity,  or  better  expressed,  reactivity,  to  form 
esters,  the  long  staple  is  not  so  adaptable,  and  difficulties  arise 
in  getting  desired  viscosities  unless  the  purified  cotton  is  again 
treated  in  a  kier  under  pressure  with  a  2  to  3  per  cent  NaOH  solu- 
tion and  about  0.28  per  cent  Na2C03  for  about  10  to  15  hrs.  under 
40  lbs.  pressure. 


(1)  (2)  (3.)  (4) 

Cellulose 99.30  99.41  99.52  99.21 

Nitrogen 

Fat ■. 

Cellulose  number 0.29  0.31  0.28  0.32 

Corrected  copper  number 0.28  0.27  0.26  0.29 

Copper  hydrolysis  number 3.01  3.00  2.9S  2.45 

Ash 0.08  0.09  0.05  0.09 

Cellulose 99.41  99.52  99.52  99.56 

Nitrogen 

Fat ■ 

Cellulose  number 0.26  0.29  0.32  0  31 

Corrected  copper  number 0.28  0.31  0.30  0.30 

Copper  hydrolysis  number 2.91  2.81  2.65  2.78 

Ash 0.10  0.09  0.08  0.09 

Cellulose 99.30  99.25  99,31  99.37 

Nitrogen 

Fat 

Cellulose  number 0.30  0.28  0.29  0.31 

Corrected  copper  number 0.34  0.30  0.29  0.31 

Copper  hydrolysis  number 2.97  2.84  2.83  2.81 

Ash 0.12  0.10  0.11  0.12 

Cellulose 99.00  98.40  99.10  99.04 

Nitrogen 

Fat 

Cellulose  number 0.42  0.49  0.39  0.37 

Corrected  copper  number 0.60  0.48  0.36  0,37 

Copper  hydrolysis  number 3.14  3.07  3.09  3  09 

Ash -. 0.21  0,18  0,17  0.09 


(5)  (7) 

Sea  Island 

99.56  99.61 

Slight  indication 
0.34  0.30 

0.27 
2.76 
0.09 
amaker 


99.61  99.62 

None 

No  indication 


0.27 
0.28 
2.87 
0.09 


0.34 
0,32 
2,69 
0.09 

Lone  Star 
99.27  99.31 

None 
No  indicati 


0,28 
0,29 
2,56 
0,09 


0.29 
0.34 
2  71 
0.10 

Acala 
99.00  89.41 

None 
Slight  indication 
0.36  0.37 

0.32  0.31 

3,07  3.04 

0.07  0,09 


(8) 
99,43 


0.30 
2.64 
0.08 
Cleveland 


0,28 
0,27 
2,69 
0,12 


0,41 
0.42 
3.00 
0.10 


0,29 
0,28 
2,95 
0,07 


0,10 
99,61 


0.39 
0.38 
3.16 
0,24 


(9) 
99.60 


0.30 
0.30 
2.49 
0.14 


0.29 
0.27 
3.09 
0.12 


(10) 
99.10 


0.34 
0.32 
2.96 
0.09 


0.31 
0.30 
2.77 
0.10 


0.36 
0.37 
3.07 
0.23 


750 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15.  Xo.  7 


report  ii— proposed  methods  for  the  analysis  of 
standard  cotton  cellulose 

Ash 

Place  about  5  g.  of  cotton  (accurately  weighed)  in  a  platinum 
dish  of  98  to  100-cc.  capacity,  and  heat  gradually  so  as  to  char  the 
substance  and  to  avoid  rapid  evolution  of  gas.  Cool,  add  5  cc. 
of  hydrogen  pero-xide,  warm  gently  on  the  steam  bath  until  aU 
moisture  is  removed,  and  then  ignite  in  a  muffle  or  over  a  burner 
at  a  dull  red  heat.  Cool  the  dish  and  its  contents  in  a  desiccator 
and  weigh. 

Bibliography — (a)  Griffin,  "Technical  Methods  of  Analysis," 
p.   .364. 

(b)  Official  and  Tentative  Methods  of  Analysis  of  the  Asso- 
ciation of  Official  Agricultural  Chemists,  Revised  to  1919. 

((■)  Lunge-Berl,  "Chemisch-te(;hnische  Untersuchungsmetho- 
den,"  Vol.  1  (6th  Ed.),  p.  290. 

Note:  According  to  Griffin,  digestion  of  relatively  small 
samples  of  cotton  with  pure  nitric  acid,  followed  by  incineration 
at  red  heat,  may  give  low  results. 

Nitrogen 

Dissolve  3.5  g.  of  snipped  cotton  in  concentrated  sulfuric  acid 
(25  cc.)  in  a  Kjeldahl  digestion  flask.  Add  10  g.  of  anhydrous 
sodium  sulfate  (using  C.  P.  nitrogen-free  reagent)  together  with 
0.1  to  0.3  g.  of  powdered  copper  sulfate.  Conduct  the  heating 
carefully  and  use  pumice  so  as  to  avoid  bumping.  Finally,  heat 
at  the  boiling  point  until  the  digestion  is  complete  and  the  solution 
is  nearly  colorless.  Allow  the  mi.xture  to  cool,  dilute  the  solution 
with  about  200  cc.  of  cold  water,  cool  again,  and  carefully  add  an 
excess  (50  to  70  cc.)  of  saturated  sodium  hydro.\ide  solution.  This 
reagent  should  be  added  so  as  to  avoid  mixing  with  the  acid  solu- 
tion. Then  immediately  connect  the  flask  with  a  Kjeldahl  bulb, 
which,  in  turn,  should  be  connected  with  a  suitable  condenser. 
Agitate  the  flask  and  distil  into  50  cc.  of  a  standard  0.1  A'  sulfuric 
acid  (or  hydrochloric  acid)  solution  containing  0.5  cc.  of  methyl 
red  indicator.  At  least  150  cc.  of  distillate  should  be  collected. 
Then  titrate  the  distillate  with  0.1  N  sodium  hydroxide  solution 
and  calculate  the  nitrogen. 


one  hole  of  the  stopper  a  long  stem,  cylindrical  funnel  with  glass 
stopcock  is  adjusted  so  as  to  reach  about  half-way  into  the  flask. 
Through  the  second  hole  extends  a  distilling  tube  of  6  mm.  inside 
diameter.  The  top  of  the  bend  is  45  mm.  above  the  top  of  the 
flask  and  the  tube  is  connected  with  a  Liebig  condenser  with  about 
a  35-cm.  long  jacket. 

Oil  Bath — Cottonseed  oil  has  been  found  satisfactory,  but 
the  oil  should  be  renewed  before  becoming  too  thick  and  im- 
pairing the  circulation. 

Determination — Place  5  g.  of  snipped  cotton  in  the  flask 
together  with  100  cc.  of  12  per  cent  hydrochloric  acid  (sp.  gr.  1.06) 
and  several  pieces  of  recently  heated  pumice  stone.  Place  the 
flask  on  the  oil  bath  connect  to  a  condenser  by  means  of  the 
distilling  tube,  and  heat  to  160°  C,  regulating  so  as  to  distil  over 
30  cc.  in  about  10  min.  •  The  distillate  should  pass  through  a  small 
filter  paper.  Replace  the  30  cc.  distilled  by  a  like  quantity  of 
dilute  acid  added  by  means  of  dropping  funnel  passing  through 
the  stopper.  Continue  the  process  until  the  distillate  measures 
360  cc.  To  the  total  distillate  add  gradually  a  quantity  of  phloro- 
glucinol  reagent  (in  12  per  cent  hydrochloric  acid  of  above)  and 
stir  thoroughly.  The  amount  of  the  phloroglucinol  added  should 
be  double  that  of  the  furfural  expected  plus  0.15  g.  The  mixture 
passes  through  yellow  and  green  color  changes,  and  finally  an 
amorphous  greenish  precipitate  should  appear,  which  grows  rap- 
idly darker  and  finally  becomes  almost  black.  Make  up  the  dis- 
tillate to  400  cc.  volume,  allow  to  stand  over  night,  and  filter  on  a 
tared  Gooch  crucible  (previously  dried  and  weighed  in  a  weighing 
bottle)  having  an  asbestos  mat.  Wash  carefully  with  150  cc. 
water  so  that  the  water  is  not  completely  removed  from  the 
crucible  until  the  very  last.  Then  dry  for  4  hrs.  at  100°  C,  cool, 
and  weigh  in  a  weighing  bottle.  Determine  the  weight  of  the 
furfural  phloroglucide.  To  calculate  the  furfural,  pentose,  or 
pentosan  from  this  weight  use  the  formulas  given  by  Krober. 

The  method  is  the  one  given  in  Methods  of  Analysis  of  the 
Association  of  Official  Agricultural  Chemists  (1919),  p.  96, 
and  includes  the  purification  of  phloroglucinol.  Krober's  tables 
on  page  332  may  also  be  used. 


Krober's  Formul.as 

Weight  of  Weight  of                                                  Weight  of 

Phloroglucide  Phloroglucide                                       Phloroglucide 

Less  than  0.030  G.  0.030  to  0300  G.                                    E.xceeds  0.300  G. 

Furfural (a* -|-  0.0052)  X   0.517  (a  -)-  0.0052)   X  0.518.5                     (a  -(-  0 . 0052)  X  0 . 5180 

Pentoses (a    -j-  0 . C052)  X    1 . 017  (a  -1-  0.0052)  X  1 .0075                     (a  -1-  0 . 0052)  X  1 . 0026 

Pentosan (a    -|-  0.0052)  X  0.8949  (a  -f  0 .  0052)  X  0 .  8866                      (o  -I- 0 . 0052)  X  0 .  8824 

*  a  equals  weight  of  phloroglucide  actually  found. 

The  method  is  practically  identical  with  the  Gunning  method.  Copper  Number,  Cellulose  Number,  Hydrolysis  Nu.mber 

clearly  described  in  the  Methods  of  Analysis  of  the  Association  of  (Schwalbe's  Method) 

Official  Agricultural  Chemists  (1919),  pages  5  to  8,  and  this  book  „     ,       ■,             ,  ,                    ,      ., 

,      ,  ,  ,               1.1  J  c      »i,    J  i  -1      t  ^i.         ^i.  J  Apparatus — A  1500-cc.  flask  with  round  bottom  and  wide, 

should  be  consulted  tor  the  details  ol  the  method.  ,                                    ,            .                        .                  •      ,       ■ 

low  neck,  supported  by  a  wire  gauze  resting  on  a  tripod;  a  burner 

Furfural  with  attachment  for  distribution  of  the  flame;  a  gas  condenser 

„              _              „                          c-                      T-,-      1                 11  fitting  into  the  neck  of  the  flask  and  suspended  bv  a  nickel  wire. 

Preparation  of  Phloroglucin  Solutions — Dissolve  a  small  *"                                           ,.                  ,.',.,, 

...,,,         ,     .        .                ,                   ,         .        ,     ,  -J  The  center  of  the  condenser  forms  a  tube  mto  which  extends  a 

quantity  of  phloroglucinol  m  a  small  amount  of  acetic  anhydride,  ■              .                      .                        . 

,.1        i.ui-            jjjr       J            r              .i/ji  glass  tube  of  sufficient  dimensions  to  permit  a  free  rotation  of  the 

heat  almost  to  boiling,  and  add  a  tew  drops  ot  concentrated  sul-  ,                 ,.,.,_,.,, 

f     .         ■  1       A      •  1  *      1      •   J-     i      J-                   Tr             .,.1.  stirring  rod  of  about  vVin.  thickness.     This  tube  has  an  inlet 

tunc  acid.     A  violet  color  indicates  diresonin.     If  more  than  a  ... 

,  .   ,       1       ,.       .      ui  •     J  ...1.       1.1         1     ■     1  •          •<:  J        r  1  on  the  side  through  which  solutions  can  be  added  without  remov- 

lamt  coloration  is  obtained  the  phloroglucinol  is  purmed  as  lol-  _      ,               ,    r   ,        .    ■           ,  ■   , 

1           u     ..-inn         ru   J       ui     •        -J  I             i  nc  \      j    jjii  ing  the  condcuscr.     The  lower  end  of  the  stirring  rod  IS  bent  so  as 

lows:  Heat  300  cc.  ot  hydrochloric  acid  (sp.  gr.  1.0b)  and  add  11  g.  .                                             .             ,     , 

f  ,,                      ■  I     ui'       1     ■     1  ■            11            .,-•»•        .,.      ^-  to  form  an  effective  stirrer  and  the  upper  end  is  attached  to  a 
ot  the  commercial  phloroglucinol  in  small  quantities  at  a  time, 

...              t     »i         t-1  tu      ui         1-11.        1        *           1  .,^  1  metal  tube  which  moves  in  a  bearing  and  carries  a  motor-driven 
stirring  constantly  until  the  phloroglucinol  has  almost  completely 

dissolved.     Pour  the  hot  solution  into  a  sufficient  quantity  of  the 

cold  hydrochloric   acid    (1.06)    to  make  the  volume    1500  cc.  Preparation  of  Fehllng's  Solution — Rochelle  salt  solution: 

Allow  it  to  stand  at  least  over  night,  preferably  several  days,  to  692  g.  C.  P.  Rochelle  salt  and   200  g.  sodium  hydroxide,  purify 

permit  diresorcin  to  crystallize.     Filter  immediately  before  using.  with  alcohol,  dissolve  in  water  and  make  up  to  2000  cc.     Fil- 

(Yellow  tint  does  not  interfere  with  its  usefulness.)     This  is  the  ter  through  the  solution  asbestos  conveniently  placed  on  a  per- 

phloroglucinol  reagent.     It  is  inadvisable  to  prepare  a  quantity  forated  porcelain  plate  resting  in  a  glass  funnel.     Avoid  contact 

of  the  solution  greater  than  is  required  for  immediate  use.  with  rubber,  cork,  or  similar  organic  substances. 

Apparatus — A  500-cc.,  round-bottom,  short  ring-neck   flask  Copper  sulfate  solution:    Dissolve  136.6  g.  C.  P.  copper  sulfate 

(approximate  dimensions  150  mm.  height  over  all  and  inside  di-  in  distilled  water,  make  up  to  2000  cc,  and  filter, 

ameter  of  neck  27  mm.)  with  a  2-hole  rubber  stopper.     Through  Keep  the  two  solutions  in  separate  bottles.     It  is  important 
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to  test  the  quality  of  the  Rochelle  salt  in  a  blaak  test,  as  it  has 
been  found  that  this  salt  at  times  causes  a  precipitate  of  copper, 
presumably  due  to  the  presence  of  varying  amounts  of  oxalate. 
The  blank  test  is  made  by  adding  a  hot  mixture  of  50  cc.  of  the 
Rochelle  salt-alkali  solution  and  50  cc.  of  the  copper  sulfate  solu- 
tion to  400  cc.  of  boiling  distilled  water,  and  boiling  for  15  min. 
in  the  flask  under  constant  stirring.  The  solution  should  not  as- 
sume a  greenish  shade,  nor  should  any  precipitate  appear. 

Make  all  determinations  with  air-dry  material,  determining 
the  moisture  content  in  a  special  sample. 

Determination  of  Copper  Number — Place  about  3  g. 
air-dry  cotton  (accurately  weighed)  in  the  1500-cc.,  round-bottom 
flask  with  250  cc.  distilled  water,  and  heat  under  continuous 
stirring  to  the  boiling  point.  Simultaneously,  heat  separately 
to  boiling  50  cc.  of  the  Rochelle  salt  solution  and  50  cc.  of  the 
copper  sulfate  solution  in  Erlenmeyer  flasks  of  200-cc.  capacity. 
As  soon  as  the  water  in  the  large  flask  boils  add  hot  copper  sul- 
fate solution  to  the  hot  Rochelle  salt  solution  and  pour  the  mix- 
ture through  the  attached  funnel  into  the  round-bottom  flask. 
Rinse  the  two  flasks  and  the  funnel  with  50  cc.  of  hot  distilled 
water,  bringing  the  total  solution  in  the  flask  to  400  cc.  From 
the  moment  when  the  solution  starts  boiling,  continue  the  boiling 
under  constant  stirring  for  exactly  15  min.,  when  the  stirring 
should  be  interrupted  and  the  flask  removed.  Rinse  the  con- 
denser, as  well  as  stirrer,  with  hot  water  into  the  flask. 

Pour  the  contents  of  the  flask  onto  a  Blichner  funnel  (7  cm.) 
with  double  filter  paper  (S  &  S  595  has  proved  very  satisfactory) 
and  filter  rapidly  under  suction  without  allowing  the  material 
on  the  filter  to  become  dry.  Then  wash  with  hot  distilled  water 
until  the  filtrate  contains  no  more  copper  (potassium  ferrocyanide 
test). 

Empty  the  contents  of  the  funnel,  including  filter  paper,  into 
a  porcelain  dish,  rinse  the  funnel  carefully  with  6.5  per  cent 
nitric  acid,  and  heat  the  dish  on  a  water  bath  until  the  precipi- 
tate is  dissolved.  Filter  the  solution  off  in  the  Biichner  funnel 
through  filter  paper  and  treat  the  fibrous  mass,  either  on  the 
filter  or  after  removing  to  the  porcelain  dish,  with  a  concentrated 
ammonia  solution,  which  should  then  be  added  to  the  first  fil- 
trate. By  washing  with  6.5  per  cent  nitric  acid  solution  and 
afterwards  with  hot  distilled  water,  all  copper  precipitate  is 
removed.     (Test  with  potassium  ferrocyanide.) 


Evaporate  the  acid  filtrate  in  a  porcelain  dish  and  determine 
the  copper  by  electrolysis.  Knowing  the  exact  weight  of  copper 
and  of  bone-dry  cotton  fiber,  the  copper  number  can  be  expressed 
as  the  quantity  of  copper  per  100  g.  of  bone-dry  fiber. 

Determination  of  Cellui^ose  Number — Place  about  3  g. 
air-dry  cotton  (accurately  weighed)  and  250  cc.  cold  distilled 
water  in  the  round-bottom  flask.  To  this  add  100  cc.  of  cold 
Fehling  solution  and  50  cc.  of  cold  distilled  water  and  let  the 
solution  stand  for  45  min.  under  frequent  stirring.  Collect  the 
fibrous  mass  on  a  Biichner  funnel  with  double  filter  and  wash, 
first  with  about  1000  cc.  of  cold  distilled  water,  and  afterwards 
with  hot  water.  Determine  the  copper  precipitate  as  outlined 
above  and  express  the  cellulose  number  in  copper  per  100  g. 
bone-dry  fiber.  The  cellulose  number  subtracted  from  the 
copper  number  as  determined  above  gives  the  "corrected  copper 
number." 

Determination  of  Hydrolysis  Number'' — Place  about  3  g. 
air-dry  cotton  with  250  cc.  sulfuric  acid  solution  of  5  per  cent 
strength  in  the  round-bottom  flask,  and  heat  the  contents  under 
continuous  stirring  to  the  point  of  boiling.  Continue  the  boiling 
for  exactly  15  min.,  at  which  time  neutralize  the  contents  with 
sodium  hydroxide  solution  (10  g.  in  25  cc.  water),  add  100  cc. 
hot  Fehling  solution  and  50  cc.  hot  water  as  described  under 
"Copper  Number,"  and  boil  for  15  min.,  after  which  determine 
the  copper  as  above. 

The  hydrolysis  number  is  the  amount  of  copper  obtained  with 
100  g.  bone-dry  fiber.  Corrected  hydrolysis  number  is  found  by 
subtracting  the  cellulose  number  from  this  value.  The  hydroly- 
sis difi'erence  is  determined  by  subtracting  the  copper  number 
from  the  hydrolysis  number. 

The  determination  of  a-cellulose  is  being  undertaken  by 
Bjarne  Johnsen  of  the  Hammermill  Paper  Co.,  Erie,  Pa. 

Harold  Hibbert,  Chairman 
W.  F.  Henderson 
Bjarne  Johnsen 
W.  O.  Mitscherling 
L.  E.  Wise 

<  Schwalbe  and  Sieber.  "BetriebskontroUe  in  der  Zellstoll-  und  Papier- 
industrie,"   1922,  p.  2t.i. 


Questions  and  Answers 


We  have  been  called  upon  to  obtain  certain  information  re- 
garding apparatus  and  supplies  and  give  a  few  examples  below 
for  the  information  of  chemists: 


Q. — Are  American  manufacturers  producing  graduated  glassware  of  a  grade 
acceptable  for  certification  by  the  Bureau  of  Standards? 

A, — Approximately  90  per  cent  of  the  graduated  ware  received  for  certifi- 
cation is  American-made,  and  dealers  who  stock  certified  ware  report 
that  even  a  larger  percentage  of  their  stock  has  been  made  in  this 
country. 

Q. — Can  1000-cc.  bottles  of  American  manufacture  be  obtained? 

A. — Such  bottles  are  obtainable,  though  not  ordinarily  listed  according  to 
the  metric  system,  for  the  reason  that  they  are  made  from  commercial 
molds.  The  best  of  these  purchased  from  reliable  dealers  are  excellent 
in  quality,  though  not  the  cheapest,  and  hold  the  capacities  indicated 
in  the  lists.  At  least  one  dealer  has  developed  a  batch  glass  formula  of 
a  resistant  glass  from  which  he  has  these  bottles  made. 

Q. — Can  rubber  stoppers,  satisfactory  for  combustion  and  other  work,  be 
obtained?     Are  they  as  good  as  those  which  we  formerly  imported? 

A. — Rubber  stoppers  of  all  grades  are  stocked  by  the  trade,  but  unfortu- 
nately most  of  them  are  purchased  by  the  consumer  on  a  cost  basis. 
Not  only  rubber  stoppers,  but  other  rubber  goods  of  a  quality  equal  to 
the  best  obtainable  anywhere  may  be  had  in  this  country,  but  they 
must  be  purchased  on  a  quality  basis,  preferably  after  the  examination 
of  samples.  As  a  rule  such  goods  cost  from  30  to  50  per  cent  more 
than  those  ordinarily  offered  by  the  trade,  although  the  appearance 
and  the  specific  gravity  may  be  the  same. 


One  dealer  writes  us;  "A  still  better  stopper  than  ours  can  be  made 
either  in  the  United  States  or  abroad,  and  we  shall  be  glad  to  reestablish 
such  a  stopper  if  there  is  evidence  of  a  reasonable  demand.  We  have 
had  no  such  evidence  in  our  own  recent  experience." 

Q. — What  about  glass  tubing? 

A. — Pyrex  of  heavy  wall  seems  to  be  customarily  used  for  organic  com- 
bustions. There  is  satisfactory  tubing  available  for  glass  blowing, 
and  while  a  year  or  two  ago  there  was  some  unsatisfactory  material 
on  the  market,  this  has  largely  disappeared  and  the  makers  generally 
are  anxious  to  satisfy  the  demand  as  to  quality,  size,  etc. 

Q. — What  is  the  present  status  of  American-made  reagent  chemicals? 
Sometimes  chemicals  are  received  which  bear  inordinate  amounts  of 
substances  which  it  would  seem  ordinary  care  should  eHminate  in  the 
process  of  manufacture.  We  appreciate  what  a  few  manufacturers  are 
endeavoring  to  do,  but  it  does  seem  that  reagent  chemicals,  which  lie  at 
the  basis  of  all  our  work,  remain  the  weakest  point  in  the  American 
line  of  scientific  products.      What  is  the  answer? 

A.— Among  some  dealers  there  is  the  belief  that  the  principal  difficulty  lies 
in  the  desire  of  the  buyer  to  regard  price  only.  However,  the  A.  C.  S. 
Committee  on  Guaranteed  Reagents  and  Standard  Apparatus  will 
endeavor  to  obtain  the  answer  to  this  question  in  a  symposium  planned 
for  the  Milwaukee  meeting.  The  experience  and  recommendations 
of  manufacturers,  dealers,  and  users  are  wanted.  Those  willing  to 
contribute  to  the  discussion  are  invited  to  send  detailed  information  to 
W.  D.  Collins,  U.  S.  Geological  Survey.  Washington,  D.  C,  as  early 
as  convenient. 
May  we  assist  in  answering  your  questions? 
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William  Francis  Hillebrand 

If  heredity  and  environment  make  us  what  we  are.  their  in- 
fluence can  be  seen  in  Dr.  Hillebrand.  His  grandmother  was 
an  observant  and  lively  old  lady,  if  one  can  judge  from  certain 
passages  in  her  diary,  and  his  father  was  not  only  a  physician, 
but  a  botanist  whose  garden  is  still  one  of 
the  show  places  in  Honolulu.  Dr.  Hille- 
brand was  born  in  Honolulu,  December  12, 
1853.  His  boyhood  was  spent  in  the  Sand- 
wich Islands  and  California,  he  visited  Japan, 
and  the  last  two  years  of  his  teens  were 
passed  in  Ithaca  as  a  student  at  Cornell.  It 
is  not  surprising  that  he  is  not  only  a  scien- 
tist, but  also  a  nature  lover,  interested  in 
plants  and  birds,  and  fond  of  gardening.  It 
is  harder  to  say  why  he  was  for  many  years 
much  interested  in  philately. 

He  is  fond  of  music  and  his  favorite  game 
of  cards  is  skat.  He  rises  to  the  spirit  of  a 
social  gathering  with  good  grace.  He  has 
graduated  from  the  ranks  of  baseball  fans, 
but  so  recently  that  those  who  sit  at  lunch 
with  him  every  day  still  indulge  in  mild 
banter  at  his  expense.  Thotigh  an  enthu- 
siastic angler  for  small-mouthed  bass.  Dr. 
Hillebrand  will  not  be  enticed  by  the  salt- 
water fishing  of  the  Chesapeake  and  the 
lower  Potomac.  Who  shall  say  whether  his 
patience  at  fishing  makes  him  more  careful  and  particular  about 
the  details  of  laboratory  work  or  the  reverse? 

At  the  end  of  his  sophomore  year  at  Cornell,  Dr.  Hillebrand 
began  his  studies  in  Germany,  at  first  under  Bunsen.  In  1875, 
with  T.  H.  Norton,  he  was  the  first  to  prepare  metallic  cerium, 
lanthanum,  and  what  was  then  called  "didjTnium."  His  de- 
termination of  the  specific  heats  of  these  metals  showed  for  the 
first  time  that  they  are  trivalent,  and  therefore  not  members  of 
the  calcium  family  as  had  been  supposed.  He  discovered  that 
cerium  gives  off  sparks  when  filed.  Decades  later  this  behavior 
came  to  be  of  commercial  value  for  gas  lighters. 

Another  discovery  of  far  greater  economic  importance  is  re- 
called here.  In  1904,  Dr.  Hillebrand  called  attention  to  the 
possibility  of  recovering  and  utilizing  the  enormous  quantities 
of  potash  that  are  volatilized  during  the  clinkering  of  portland 
cement.  He  is  too  seldom  given  credit  for  suggesting  what  is 
now  an  accomplished  fact.' 

After  leaving  Heidelberg,  Dr.  Hillebrand  studied  for  a  time 
under  Fittig  at  Strassburg.  This  was  his  only  digression  into 
organic  chemistry,  but  even  then  one  of  the  two  papers  he 
wrote  at  that  time  was  a  crystallographic  study.  He  returned 
to  his  proper  field  when  he  went  to  the  Mining  Academy  at 
Freiberg,  and  has  never  since  left  it.  For  a  while  he  worked  as 
an  assayer  at  Leadville  in  its  roaring  days.  Then  followed  a 
period  of  five  years,  1880  to  1885,  at  Denver  with  the  Geological 
Survey,  after  which  he  was  transferred  to  Washington,  where  he 
still  lives. 

The  outstanding  feature  of  Dr.  Hillebrand's  work  has  always 
been  his  placing  of  mineral  and  rock  analysis  upon  the  high 
plane  of  the  utmost  attainable  accuracy.  Not  for  him  the  easy 
expedient  of  making  analyses  sum  up  exactly  100  per  cent  by 
putting   in   just   the   right   amount   of    "undetermined."     His 

'Proc.  Am.  Soc.  Testing  Materials,  i  (1904),  463. 


"traces"  are  not  small  determinable  quantities,  but  real  traces 
Many  of  his  determinations  of  small  fractions  of  a  per  cent  of 
the  less  abundant  constituents  of  rocks  have  been  of  illuminating 
value  to  the  geologist  by  bringing  to  light  unexpected  differences 
or  similarities. 

Honesty  in  analytical  work  cannot  but  have  its  influence 
upon  the  daily  life  and  contacts  of  him  who 
practices  it.  Dr.  Hillebrand  once  said  that 
he  was  selected  as  chief  chemist  of  the  Bu- 
reau of  Standards  because  of  his  reputation  as 
an  analyst.  Perhaps  it  has  never  occurred  to 
him  that  unwavering  integrity  in  all  his 
dealings  may  have  had  more  to  do  with  his 
selection  than  he  suspects. 

"For  great  examples  justify  command." 
Dr.  Hillebrand's  attention  to  apparently 
trifling  details  is  well  illustrated  by  his  ac- 
count of  the  discovery  of  the  gas  which  years 
later  he  called  to  the  attention  of  Ramsay, 
who  showed  it  to  be  helium.  In  1890  he 
observed  the  slow  and  long-continued  evo- 
lution of  tiny  bubbles  from  a  sample  of 
uraninite  that  had  been  treated  with  hydro- 
chloric acid  in  a  test  tube.  He  found  that 
the  gas  was  neither  carbon  dioxide  nor  hydro- 
gen sulfide,  and  he  is  not  to  be  blamed  for 
thinking  that  it  was  nitrogen. 

Nothing  better  shows  Dr.  Hillebrand's  self- 
effacement    than  this   placing  of  a  possibly 
great  discovery  in  Ramsay's  hands. 

When  his  work  came  to  be  known  by  other  chemists.  Dr. 
Hillebrand  was  constrained  to  write  the  first  of  a  series  of  five 
bulletins  of  the  Geological  Survey,  in  which  his  analytical  methods 
are  described.  The  first  two,  Nos.  148  and  176,  take  into  account 
only  the  silicates.  The  others,  Nos.  305,  422,  and  700,  deal 
also  with  the  carbonate  rocks.  Each  is  a  revision  and  enlarge- 
ment of  its  predecessor.  German  translations  of  three  of  them 
have  been  published. 

Dr.  Hillebrand  has  not  the  teacher's  temperament,  but  is 
essentially  a  laboratory  man.  His  preeminence  rests  upon  that. 
Because  of  it  he  was  president  of  the  American  Chemic.'\l 
Society  in  1906,  and  became  a  member  of  the  National  Academy 
of  Sciences  in  1908.  For  a  long  time  he  was  on  the  editorial 
boards  of  our  two  journals,  and  for  many  years  he  has  been 
chairman  of  the  Supervisory  Committee  on  Standard  Methods 
of  Analysis. 

Few  members  of  the  Society  know  that  most  of  the  credit 
for  the  establishment  of  This  Journal  belongs  to  Dr.  Hillebrand. 
Early  in  1906,  when  he  was  president,  he  was  told  of  the  danger 
of  a  spht  in  the  Society  because  many  of  the  members  felt  that 
industrial  chemistry  was  being  slighted  in  what  was  then  our 
only  journal.  To  make  a  long  story  short,  prompt  action  was 
taken,  there  was  much  correspondence,  and  many  consultations 
were  held  to  decide  whether  it  was  advisable  to  start  a  new 
journal,  how  it  could  be  financed,  what  its  policies  should  be, 
and  whom  to  select  as  editor.  All  these  matters  were  finally 
settled  and  the  first  number  of  This  Journal  was  issued  in 
January,  1909. 

Dr.  Hillebrand's  passion  for  exactness  and  precision  is  not 
confined  to  laboratory  work.  He  is  equally  insistent  upon  the 
use  of  precise,  clear,  and  grammatical  English.  It  would  be 
impossible  to  estimate  the  value  of  his  editorial  criticisms  of 
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papers  submitted  for  publication  in  our  journals  or  written  by 
members  of  the  staff  of  the  Bureau  of  Standards.  He  will  not 
tolerate  an  official  letter  carelessly  written  by  one  of  his  sub- 
ordinates. In  this  he  is  not  arbitrarily  annoying,  but  is  willing 
to  debate  with  the  culprit  about  the  choice  of  a  word  or  phrase, 
or  about  the  tone  of  a  whole  letter.  He  has  not  forgotten  his 
own  early  papers  that  were  returned  for  revision  after  a  liberal 
blue-penciling  by  Dr.  Remsen,  whose  suggestions,  he  admits, 
always  improved  the  papers.  Dr.  Hillebrand's  contributions 
to  Chemical  Abstracts  were  always  among  the  most  carefully 
prepared. 


This  is  the  man  who  has  led  the  Chemistry  Division  of  the 
Bureau  of  Standards  since  1908,  and  under  whom  its  work  has 
become  important  in  many  fields;  who  has  under  him  a  body  of 
chemists  who  respect  and  admire  and  are  loyal  to  him.  To  these 
he  is  "The  Doctor,"  a  title  less  austere  and  distant  than  "The 
Supreme  Court,"  as  he  used  to  be  called  by  the  chemists  of 
another  bureau,  who  did  not  have  daily  contact  with  him. 

C.  E.  Waters 


SCIENTIFIC  SOCIETIES 


American    Leather   Chemists 
Association 

The  twentieth  annual  convention  of  the  American  Leather 
Chemists  Association,  held  at  the  Greenbrier,  White  Sulphur 
Springs,  W.  Va.,  June  7  to  9,  was  enjoyed  by  a  large  and 
enthusiastic  number  of  members  and  friends. 

Research  was  the  keynote  of  the  meeting.  Fraser  M.  Moffat, 
president  of  the  Tanners'  Council,  which  recently  appropriated 
$110,000  for  the  establishment  of  a  Tanning  Research  Institute 
at  the  University  of  Cincinnati,  gave  an  inspiring  address  on  the 
problems  and  needs  of  the  tanning  industry,  and  pointed  out  the 
necessity  of  proving  to  the  public  the  truth  of  the  tanners'  slogan, 
"Nothing  takes  the  place  of  leather."  He  was  followed  by 
Harrison  E.  Howe,  editor  of  Industrial  and  Engineering  Chemistry, 
who  spoke  on  "Research  an  Industrial  Investment." 

Addresses  were  made  by  well-known  colloid  chemists.  Martin 
H.  Fischer,  of  the  University  of  Cincinnati,  spoke  on  "Some 
Scientific  and  Technical  Aspects  of  Emulsion  Chemistry;" 
Jerome  Alexander  spoke  on  "Degree  of  Dispersion  as  an  In- 
fluence in  Tanning."  G.  D.  McLaughlin,  director  of  the  Re- 
search Laboratory  of  the  Tanners'  Council,  and  his  assistants, 
E-  R.  Theis  and  E.  Rockwell,  presented  papers  giving  the  results 
of  some  of  their  research  work  on  the  "Science  of  Soaking  and 
the  Bacteriology  of  Curing  Animal  Skin." 

An  interesting  contribution  was  a  paper  from  the  Proctor 
Research  Laboratory,  Leeds,  England,  by  J.  R.  Browne,  F.  C. 
Thompson,  and  W.  R.  Atkin,  on  "The  Ultrafiltration  of  Tannin 
Solutions  with  Special  Reference  to  Tannin  Analysis;"  AUen 
Rogers,  of  Pratt  Institute,  Brooklyn,  gave  an  interesting  talk  on 
leathers  of  marine  origin,  and  exhibited  a  reel  of  films  showing 
the  capture  of  various  kinds  of  sharks,  porpoises,  andrays, 
which,  considering  the  fact  that  tanners  use  also  the  skins  of 
cattle,  horse,  alligator,  snake,  lizard,  etc.,  shows  that  the  tanner 
"has  all  nature  skinned"  in  his  effort  to  serve  the  public. 

Committee  reports  on  a  wide  variety  of  topics  were  presented 
by  G.  W.  Schultz,  R.  W.  Frey,  Lloyd  Balderston,  Thomas 
Blackadder,  and  H.  C.  Reed.  The  reports  were  the  basis  of  a 
lively  discussion  by  the  members,  as  were  also  the  following 
papers;  "Determination  of  Free  Sulfuric  Acid  in  Vegetable 
Tanned  Leather,"  by  R.  W.  Frey,  S.  Kohn,  and  T.  J.  Mosser; 
"Elucidation  of  Details  of  Method  for  Determination  of  Free 
Sulfuric  Acid  in  Vegetable  Tanned  Leather,"  by  J.  S.  Rogers; 
"Extraction  of  Oils,  Fats,  and  Waxes  from  Leather,"  by  Lloyd 
Balderston;  "Effects  of  Sodium  Chloride,  Sodium  Sulfate,  and 
Sodium  Acetate  on  Precipitation  Figure  and  Tanning  Properties 
of  a  Chrome  Liquor,"  by  Donald  Burton;  "Further  Observations 
on  the  Histology  of  Bated  Skin,"  by  C.  S.  Hollander;  "Study  of 
Some  of  the  Processes  Involved  in  Tannin  Analysis,"  by  G.  W. 
Schultz;  and  "Direct  Measurement  of  Plumping  Power  of  Tan 
Liquor,"  by  R.  W.  Hart. 


The  following  officers  were  elected  for  the  next  year: 

President:   C.  C.  Smoot,  III,  North  Wilkesboro,  N.  C. 

Vice  President:    J.  S.  Rogers,  Morgantown,  N.  C. 

Secretary-Treasurer:   H.  C.  Reed,  22  East  16th  St..  New  York  City 

Councilors:  J.  E.  Breithaupt,  Kitchener,  Ont.;  R.  W.  Griffith, 
Canton.  N.  C;  G.  D.  McL-mtchlin,  Cincinnati.  Ohio;  C.  R.  Oberfell, 
Lynchburg,  Va. 


Chemical  Exposition  Plans  Buying  Fair 

At  a  meeting  of  the  Advisory  Committee  of  the  Ninth  National 
Exposition  of  Chemical  Industries,  held  June  6  at  the  Chemists' 
Club,  New  York,  the  plan  to  make  the  exposition  which  will  be 
held  this  year  at  the  Grand  Central  Palace,  New  York,  during 
the  week  of  September  17  to  22,  a  huge  chemical  "buying  fair," 
was  placed  before  the  committee.  The  plan  as  outlined  suggested 
that  each  exhibitor  make  every  effort  to  display  his  goods  in  a 
novel  method  and  in  a  manner  which,  to  some  degree  at  least, 
will  demonstrate  their  particular  characteristics,  special  uses, 
and  selling  points.  It  was  also  suggested  that  all  exhibitors 
arrange  to  have  as  nearly  as  possible  their  full  sales  forces  at 
the  exposition,  so  tfiat  they  might  not  only  attend  company  sales 
conferences  in  conjunction  with  the  exposition,  but  also  attend 
joint  sales  conferences  composed  of  the  sales  staffs  of  all  the 
exhibitors.  With  the  large  number  of  chemical  and  chemical 
equipment  consumers  who  attend  the  exposition  each  year,  this 
sales  contact  on  a  large  scale,  away  from  the  offices  of  the  buyers, 
was  pointed  out  as  very  desirable. 

A  tentative  report  from  H.  S.  Kimberly,  of  Washington,  who 
has  been  selected  by  the  committee  to  arrange  the  educational 
exhibits  at  this  year's  exposition,  was  heard.  The  chief  object 
of  the  exhibits  will  be  to  demonstrate  to  the  business  man  just 
what  chemicals  can  do  and  are  doing,  and  the  place  of  chemistry 
in  business.  The  Chemical  Warfare  Service  and  the  Bureau 
of  Chemistry  of  the  Department  of  Agriculture  wQl  have  two  large 
displays  among  the  educational  exhibits.  Chemicals  of  the 
kitchen  and  the  chemistry  of  food  are  also  included.  The  results 
of  research  on  a  scientifically  correct  antiknock  and  carbon  com- 
pound for  internal-combustion  engines  will   be  demonstrated. 


Calendar  of  Meetings 


American  Chemical  Society— 66th  Meeting,   Milwaukee,  Wis., 

.September  10  to  15,  1923. 
9th  National  Exposition  of  Chemical  Industries — Grand  Central 

Palace.  New  York  City.  vSeptemlier  17  to  22,  1923. 
American  Electrochemical  Society— Fall  Meeting,  Dayton,  Ohio, 

September  27  to  29,  1923. 
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Cereal  Chemists  Meet  in  Chicago 

The  first  convention  of  the  American  Association  of  Cereal 
Chemists  held  since  that  association  amalgamated  with  the 
American  Society  of  Milling  and  Baking  Technology,  was  con- 
vened in  Chicago  during  the  week  of  June  3.  1923.  With  S.  J. 
Lawellin  presiding,  the  program  was  opened  Tuesday  morning 
at  the  Hotel  Sherman,  with  a  paper  by  C.  H.  Briggs,  entitled, 
"Has  Northwestern  Spring  WTieat  Deteriorated?"  C.  E. 
Mangels  presented  "Recent  Investigations  on  Durum  WTieat 
Conducted  at  the  North  Dakota  Experiment  Station;"  C.  H. 
Bailey  talked  on  "The  Use  of  the  Viscometer  in  Flour  Strength 
Studies,"  and  Washington  Piatt  on  "The  Action  of  Shortenings." 

The  Wednesday  sessions  were  devoted  to  association  business. 
M.  J.  Blish,  chemist  of  the  Nebraska  Agricultural  E.xperiment 
Station,  was  elected  president  of  the  association.  Other  officers 
elected  were:  R.  B.  Potts,  vice  president;  K-  K.  Durham, 
secretary-treasurer;  J.  R.  Hess,  managing  editor;  C.  H.  BaUey, 
editor-in-chief.  Progress  was  made  in  the  direction  of  revising 
the  constitution. 

The  Thursday  sessions  were  held  at  the  American  Institute  of 
Baking.  Members  of  the  Institute  staff  contributed  to  the 
program,  which  included  papers  by  A.  W.  Landstrom,  on 
"Homogenization  Applied  to  Baking;"  L.  A.  Rumsey,  on 
"Some  Aspects  of  Enzyme  Action  in  Flour  Strength  and  Fer- 
mentation Control;"  A.  W.  Hall,  on  "Building  the  Quality 
Loaf;"  and  C.  B.  Morrison,  on  "Bread  vs.  Vitamins."  Other 
papers  presented  included  "Moisture  Determinations,"  by 
H.  G.  Nelson,  and  "Protein  Content  vs.  Texture  vs.  Kernel 
Weight  in  Southwestern  Market  Run,  Hard  Winter  Wheat," 
by  W.  L.  Frank.  Practical  demonstrations  and  baking  experi- 
ments were  conducted  in  the  shops  and  laboratories  of  the 
American  Institute  of  Baking. 

Friday  forenoon  the  presentation  of  papers  was  continued  at 
Hotel  Sherman.  These  included  "Self-Rising  Flour,"  by  L.  H. 
Bailey;  "Chemical  and  Physical  Changes  of  Some  Constituents  of 
Flour  as  Affected  by  Bleaching,"  by  J.  C.  Baker;  "Relation  of 
Bakery  and  Mill  Laboratories,"  by  Rowland  J.  Clark;  and  "A 
Suggested  Control  for  Checking  Nitrogen  and  Protein  as  Deter- 
mined by  the  Kjeldahl  Method,"  by  S.  J.  Lawellin.  A  luncheon 
was  ser\'ed  at  the  City  Club  after  the  morning  session.  During 
the  afternoon  a  business  session  disposed  of  the  remaining  con- 
vention business. 

The  cereal  chemists  were  afforded  an  opportunity  to  mingle 
with  the  flour-millers,  since  the  Association  of  Operative  Millers 
held  its  annual  convention  in  the  same  hotel  during  the  week 
of  June  3.     Representatives  of  the  Association  of  Cereal  Chem- 


ists  appL-ared    by   invitation    before    the   convention   of   n.illers 
for  the  discussion  of  chemical  subjects  of  mutual  interest. 

Plans  for  the  further  development  of  the  association's  journal 
were  discussed  at  some  length,  and  a  decision  reached  to  expand 
this  publication  somewhat  during  the  next  calendar  year.  It 
appears  probable  that  at  least  six  issues  will  be  printed  in  1924, 
possibly  under  a  new  and  distinctive  name.  Plans  will  be  for- 
mulated and  announced  by  the  editorial  board  at  a  later  date. 


First  National  Symposium  on  Colloid 
Chemistry 

The  First  National  Symposium  on  Colloid  Chemistry,  meeting 
in  Madison  from  Jime  12  to  15,  on  invitation  of  the  University 
of  Wisconsin,  was  an  unquahfied  success.  It  exceeded  even  the 
expectations  of  those  directly  responsible  for  its  inception. 
The  forty-minute  period  allowed  each  speaker  for  the  presenta- 
tion of  his  paper,  the  thoroughness  of  the  discussions  following 
each  presentation,  and  the  opportunity  afforded  for  closer  as- 
sociation between  visitors,  furnished  another  argument  for  the 
supporters  of  the  opinion  that  there  might  well  be  substituted  for 
at  least  one  of  the  meetings  of  the  American  Chemical  Society, 
a  group  of  intersectional  meetings. 

The  symposium  assumed  somewhat  an  international  aspect 
in  that,  besides  the  honor  guest.  Prof.  The  Svedberg,  of  the 
University  of  Upsala,  Sweden,  there  were  present  representatives 
of  Canadian  universities,  while  the  roster  of  visitors  included 
at  least  one  from  Pretoria,  South  Africa,  and  several  from  China. 
Approximately  200  visitors  from  one-half  of  the  states  in  the 
Union  were  present,  and  of  these  one-fourth  were  from  the 
industries,  about  28  of  which  sent  members  of  their  staffs  of 
executives  and  technical  men. 

A  wide  diversity  of  subjects  was  discussed  by  experts  in  their 
respective  fields,  including  the  presentation  of  theories  of  emul- 
sification  and  lyophillic  colloids,  the  formation  of  organic  and 
inorganic  jeUies,  problems  of  protein  beha\'ior,  of  adsorption, 
of  dialysis,  and  of  emulsification,  the  practical  application  of 
colloid  chemistry  to  problems  of  food  production  and  practical 
photography,  and  to  the  manufacture  of  lubricants,  adhesives, 
rubber,  leather,  enzymic,  and  animal  glandular  products. 

The  success  of  the  symposium  has  prompted  th°  Colloid  Com- 
mittee of  the  National  Research  Council  to  vote  to  make  it  an 
annual  affair.  The  next  meeting  place  is  to  be  at  Northwestern 
University,  in  June,  1924. 

H.  A.  Schuette 

Madison,  Wis. 
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NOTES  AND  CORRESPONDENCE 


The  Resilient  Energy  and  Abrasion 
Resistance  of  Vulcanized  Rubber 

Editor  of  Industrial  and  Engineering  Chemistry: 

Referring  to  the  paper  on  "The  Resilient  Energy  and  Abrasion 
Resistance  of  Vulcanized  Rubber,"  by  H.  W.  Greider,  published 
in  This  Journal,  15  (1923),  504,  I  beg  to  submit  a  few  remarks, 
especially  since  the  entire  field  of  investigating  the  wear  resistance 
of  all  our  materials  used  under  certain  kinds  of  friction — metals, 
l)uilding  materials,  textiles,,  rubber,  etc. — has  been  sadly  neg- 
lected in  this  country,  although  the  property  of  resistance  to 
abrasion  is  in  a  great  many  cases  of  far  greater  practical  impor- 
tance than  strength,  hardness,  and  other  properties  usually 
covered  by  routine  tests. 

First  of  all,  abrasion  tests  of  materials  are  of  practical  value 
only  if  they  are  undertaken  in  such  manner  that  the  particular 
form  of  friction  which  the  material  has  to  bear  in  practice  is 
exactly  reproduced.  There  are  great  differences,  for  instance, 
in  the  kind  of  friction  encountered  in  a  ball  or  roller  bearing,  in 
a  locomotive  wheel  against  the  rails,  and  in  a  shovel  or  plow 
blade.  Running  metal  or  rubber  against  an  arbitrarily  selected 
abrasive  material  is  in  most  cases  no  duplication  of  service  condi- 
tions, and  the  value  of  such  tests  for  the  classification  of  t»aterials 
is  questionable.  I  believe  that  Fig.  1 1  in  the  paper  shows  clearly 
that  something  else  is  "going  on"  with  the  surface  of  a  tire  than 
what  has  been  done  to  the  rubber  specimens  in  the  laboratory 
investigation.  In  other  words,  the  stresses  encountered  in 
practice  are  of  a  different  nature. 

It  is  regrettable  that  the  author  does  not  give  any  information 
on  the  method  he  used  to  measure  the  "resilient  energy"  of 
rubber  compounds. 

On  page  508  the  author  states:  "It  has  long  been  recognized 
that  in  metals,  concrete,  stone,  and  other  engineering  materials, 
resistance  to  abrasive  wear  is  intimately  associated  with  the 
hardness  of  the  inaterial,  and  it  is  not  clear  why  hardness  has 
not  previously  received  more  consideration  as  a  factor  in  the 
toughness  of  rubber." 

As  far  as  metals  are  concerned,  all  investigators — such  as 
Robin,  Nusbaumer,  Stanton,  Saniter,  Brinell — have  found  that 
110  relation  exists  between  "hardness"  and  resistance  to  abrasion. 
One  of  the  most  careful  investigations  ever  carried  out  on  this 
important  subject  was  undertaken  by  the  Institution  of  Me- 
chanical Engineers,  London,  and  the  results  were  published  in 
the  1916  "Report  of  the  Hardness  Tests  Research  Committee" 
of   this  institution. 

Some  of  the  difficulties  encountered  in  all  researches  of  this 
kind  are  at  present  unsurmountable.  "Hardness"  of  metals 
is  usually  defined  as  "resistance  to  permanent  deformation," 
but  no  means  have  yet  been  found  to  determine  this  resistance. 
What  we  are  doing  is  to  investigate  the  resistance  of  progres- 
sively deformed  metals  to  gradually  increased  deformation,  taking 
an  entirely  arbitrary  end-point.  If  we  would  apply  our  metal- 
hardness  testers  (Brinell  or  scleroscope)  to  hardness  tests  of 
vulcanized  rubber,  we  would  find  that  rubber  is  harder  than  iron. 
Hardness  of  rubber  is  something  entirely  different  from  hardness 
of  metals,  and  I  do  not  believe  that  hardness  of  rubber  has  ever 
been  determined;  this  depends,  of  course,  on  how  we  decide  to 
define  "rubber  hardness."  Instruments  like  a  durometer  or 
plastometer  compare  properties  of  elastic  compressibility  by 
means  of  arbitrarily  shaped  and  dimensioned  tools,  which,  how- 
ever, do  not  produce  a  permanent  indentation  or  penetration  of 
the  rubber.     These  tests  are  carried  out  below  the  elastic  limit 


of  the  material,  and  are  therefore  of  a  nature  entirely  different 
from  that  of  the  usual  mechanical  hardness  tests  of  metals. 

Mr.  Greider's  paper  is  of  great  interest,  and  his  results  are 
undoubtedly  of  considerable  value  to  the  industry,  but  he  uses 
his  terms  of  mechanical  properties — such  as  resilient  energy, 
resilience,  toughness,  hardness,  etc. — in  a  manner  which  would 
tend  to  indicate  that  he  is  speaking  of  "standard"  units  and 
recognized  values  of  properties  of  the  material,  which — as  every- 
body must  regret — is  by  no  means  the  case.  Unfortunately, 
we  do  not  yet  know  anything  regarding  resilient  energy,  tough- 
ness, or  hardness  of  rubber. 


Herman  A.  Holz 


17  M.'iDisoN  Ave. 


Editor  of  Industrial  and  Engineering  Chemistry: 

The  principal  point  at  issue,  as  I  interpret  the  comments  of 
Mr.  Holz,  is  my  use  of  the  term  "hardness"  with  reference  to 
a  physical  property  of  vulcanized  rubber.  I  am  quite  aware 
that  "hardness"  of  rubber  is  not  identical  with  "hardness" 
of  metals.  I  have  used  the  term  in  the  sense  recognized  by  every 
rubber  technologist,  as  measured  by  instrument  in  common 
use  in  the  rubber  industry  to  determine  this  property.  For 
a  further  description  of  these  instruments  (durometer,  densim- 
eter, and  plastometer)  and  a  study  of  their  measurements 
and  of  the  nature  of  "hardness"  in  vulcanized  rubber,  I  must 
refer  Mr.  Holz  to  the  paper  by  Gurney,  on  "The  Modulus  of 
Hardness  of  Vulcanized  Rubber"  [This  Journai,,  13  (1921),  707]. 

While  I  have  not  attempted  to  define  "hardness"  in  my  paper, 
I  have  shown  that,  at  least  with  respect  to  the  influence  of  added 
pigments,  the  property  measured  by  the  durometer,  and  termed 
hardness,  is  substantially  identical  with  the  rigidity  (stiffness) 
of  the  rubber,  as  determined  by  the  stress  load  required  to  pro- 
duce 300  per  cent  elongation  (compare  Figs.  8  and  9  in  my  paper). 
Wherever  I  have  used  the  word  "hardness"  in  the  paper  I  have 
usually  included  in  parentheses,  as  synonymous,  the  word 
"rigidity." 

I  have  no  desire  to  appear  controversial  with  respect  to  the 
physical  properties  of  metals,  of  which  I  claim  no  special  knowl- 
edge. Nevertheless,  it  should  be  permissible  to  point  out  that, 
even  in  the  case  of  metals,  the  property  of  "hardness"  lacks 
exact  definition.  Upon  this  definition  hinges  the  assertion  of 
Mr.  Holz  that  numerous  investigators  have  found  no  relation 
between  hardness  and  abrasion  resistance  in  metals.  As  ordi- 
narily used  with  reference  to  metals,  the  term  "hardness"  em- 
bodies several  concepts:  scratch  hardness  (the  Moh  scale  and 
its  modifications),  indentation  hardness  (Brinell),  elastic  impact 
or  rebounding  hardness  (Shore  scleroscope),  cutting  hardness 
(micro-sclerometer),  tensile  hardness  or  resistance  to  permanent 
deformation.  The  Brinell  hardness  number  measures  the  re- 
sistance of  the  metal  to  plastic  deformation.  In  writing  this 
paper,  I  had  in  mind  a  possible  analogy  between  the  abrasion 
resistance  of  rubber  and  that  of  bearing  alloys. 

I  would  call  Mr.  Holz's  attention  to  a  recent  paper  by  Bier- 
baum  in  Chemical  and  Metallurgical  Engineering,  28  (1923),  304, 
in  which  he  uses  the  term  "hardness"  as  practically  synonymous 
with  cutting  or  abrasion  resistance,  and  devises  a  "micro-cut" 
method  of  determining  the  hardness  of  metals  used  in  bearing 
alloys. 
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Mr.  Holz's  remark  that  the  durometer  and  plastometer  measure 
"elastic  compressibility"  signifies  nothing  to  a  rubber  physicist. 
Rubber  is  substantially  incompressible,  but  it  is  readily  de- 
formable.  The  stress-strain  curve  of  rubber  may  be  determined 
either  in  compression  or  tension,  but  what  these  instruments 
really  measure  seems  to  be  the  property  of  rigidity,  a  character- 
istic of  all  solid  substances.  To  say,  therefore,  that  rubber  has 
greater  "hardness"  (rigidity)  than  iron,  cannot  correctly  charac- 
terize the  material.  Rubber  probably  has  no  elastic  limit  ex- 
cept its  rupture  strength;  it  does  not  follow  Hooke's  law,  and 
every  stress,  however  slight,  produces  some  permanent  deforma- 
tion, and  it  is,  therefore,  quite  impossible  to  measure  "hardness" 
above  the  elastic  limit  of  the  material. 

The  "resilient  energy"  capacity,  regarding  the  measurement 
of  which  Mr.  Holz  asks  to  be  informed,  was  determined  by 
the  previously  published  methods  of  Wiegand  [Can.  Chem.  J., 
4  (1920),  160]  and  of  Gurney  and  Tavener  (This  Journal, 
14  (1922),  134],  a  planimetric  determination  of  the  area  between 
the  stress-strain  (tensile)  curve  and  the  elongation  axis.  The 
energy  capacity  may  also  be  determined  from  compression 
stress-strain  curves.  I  have  not  attempted  to  define  "tough- 
ness" of  rubber  further  than  to  say  that  it  is  usually  considered 
to  be  an  optimum  combination  of  tensile  strength,   abrasion 


resistance,  endurance  of  flexing,  resilience,  and  relatively  low 
permanent  set.  Resilience  may  be  defined  as  the  ability  of  the 
material  to  return  to  its  original  conformation  and  dimensions 
following  the  application  of  a  deforming  stress,  and  in  rubber 
it  has  at  least  two  elements — high  rate  of  return  and  absence  of 
great  permanent  deformation  (permanent  set).  While  these 
quantities  are  perhaps  not  as  yet  accepted  "standard"  units, 
they  are,  at  any  rate,  generally  recognized  by  rubber  technolo- 
gists. 

I  shall  not  undertake  to  defend  laboratory  tests  of  abrasion 
resistance;  their  value  is  already  sufficiently  appreciated  in  the 
rubber  industry.  Mr.  Holz  is  correct  in  saying  that  laboratory 
abrasion  tests  do  not  exactly  duplicate  road  conditions,  but  it 
is  neither  necessary  nor  desirable  that  they  should.  I  am 
heartily  in  accord  with  his  emphasis  on  the  desirability  of  further 
investigations  in  the  field  of  abrasion  resistance,  but  find  myself 
unable  to  agree  with  the  claim  that  "we  do  not  yet  know  any- 
thing regarding  the  resilient  energy,  toughness,  or  hardness  of 
rubber." 

H.  W.  Greider 

Mellon  Institute  of  Industrial  Research 
Pittsburgh,  Pa. 
May  14,  1923 


TOKYO  LETTER 


By  K,  Kashima,  994  Ikebukuro, 


■  Tokyo,  Japa 


Annual  Meetings 

April  is  the  month  of  cherry  blossoms  and  general  meetings. 
On  the  1st  and  2nd,  the  annual  meeting  of  the  Mathematical  and 
Physical  Society  of  Japan  was  held  in  Tokyo.  On  the  7th  and 
8th,  the  4.5th  annual  meeting  of  the  Chemical  vSociety  of  Japan 
was  held  at  the  chemical  laboratory  of  the  Faculty  of  Science 
of  the  Tokyo  Imperial  University.  The  Sakurai  Medal  was 
awarded  to  Shintaro  Kodama  for  which  the  medalist  read  a 
paper  on  amino  acids  and  aldehydes.  Professor  Katayama  gave 
the  presidential  address,  on  stoichiometry.  The  general 
meeting  of  the  Pharmaceutical  Society  of  Japan  was  held  at 
the  City  of  Tokushima  on  the  14th  and  15th  of  April.  The  26th 
annual  meeting  of  the  Society  of  Chemical  Industry  was  held  in 
Tokyo  on  the  5th  and  6th  of  May.  Shuichiro  Nagai,  of  the 
Faculty  of  Applied  Chemistry  of  the  Tokyo  Imperial  University, 
was  awarded  with  the  society's  medal  for  the  work  on  safrol  from 
camphor  oils.     K.  Saegi  gave  the  presidential  address. 

Synthesis  of  Petroleum 

Petroleum  in  this  country  is  not  abundant.  For  some  time 
chemists  have  been  conducting  experiments  to  investigate  the 
origin  of  petroleum. 

Kiuhei  Kobayashi,  of  Waseda  University,  has  irfade  stud- 
ies on  Japanese  acid  clay  (fuller's  earth),  and  has  published 
a  book,  "Acid  Clay,"  which  is  the  only  book  on  this  sub- 
ject. On  distilling  a  mixture  of  sodium  chloride  and  the  clay, 
he  obtained  hydrochloric  acid.  This  curious  fact  led  him  to 
seek  further  facts.  Fish  oil  was  then  used  instead  of  salt.  He 
distilled  a  mixture  of  the  oil  and  the  clay,  covered  with  the  same 
amount  of  the  clay.  A  petroleum-like  oil  having  greenish  fluores- 
cence was  distilled  over.  After  washing  with  sulfuric  acid,  caustic 
soda  solution,  and  water,  as  in  the  petroleum  industry,  the  in- 
soluble oil  was  fractionally  distilled  into  gasoline  (about  30  per 
cent),  lamp  oil  (50  per  cent),  and  middle  oil  (10  per  cent).  He 
claims  that  the  petroleum  which  he  has  prepared  from  fish  oil 
has  physical  properties  which  are  almost  identical  with  those 
obtained  from  the  natural  petroleum,  the  yields  being  about  60 
per  cent  of  the  oil.  The  product  is  mainly  composed  of  naph- 
thenic  hydrocarbons  containing  a  comparatively  large  amount  of 
olefinic  hydrocarbons.  Based  on  these  results,  he  proposes  an 
hypothesis  on  the  cause  of  formation  of  natural  petroleum. 

Other  chemists  have  also  engaged  in  this  work  and  many  papers 
have  been  published  in  Chemicallndustry  (Japan),  The  Journal  of 


the  Chemical  Society  of  Japan,  and  the  Patent  Journal;  readers 
will  be  able  to  get  their  outlines  through  Chemical  Abstracts.  As 
material,  fish  oils  of  different  origin — vegetable  oils,  calcium 
salts  of  fatty  acids  from  soy  bean,  pine  resin,  sodium  salts  of 
fatty  acids  from  herring  oil,  pupa  oil,  etc.,  were  used.  Acid 
clay  is  a  curious  substance;  when  a  mixture  of  the  clay  and  cam- 
phor is  heated,  petroleum  is  formed. 

Not  only  'are  fish  oils  used  for  the  manufacture  of  petro- 
leum, but  also  calcium  or  sodium  salts  of  fatty  acids.  When 
treated  with  lime,  glycerol  is  produced  from  the  oil,  the 
yield  of  this  material  being  about  10  per  cent.  This  reduces 
the  price  of  the  oil  by  13  to  45  per  cent  and  also  that  of  the  petro- 
leum. The  process  has  now  passed  the  period  of  laboratory  exper- 
iment. When  the  writer  had  a  chance  to  journey  through  Echigo 
for  inspection  of  the  petroleum  industry  two  years  ago,  one  com- 
pany was  manufacturing  petroleum  from  fish  oil  in  apparatus 
with  a  capacity  about  10  koku  (1  koku  =  180.39  liters). 

The  annual  production  of  fish  oils  in  this  country  is  not  clearly 
recorded,  but  it  is  estimated  to  be  about  3,000,000  kan  (1  kan  = 
3.75  kg.).  Some  of  this  is  used  for  lubricating  oils,  etc.,  but  a 
large  part  may  be  used  for  the  manufacture  of  petroleum. 

J.  Takahashi  in  his  book,  "A  New  Treatise  on  the  Mineral 
Deposit  of  Petroleum,"  reports  a  comprehensive  and  complete 
investigation  of  the  mineral  deposit  in  the  petroleum  fields  of 
Japan. 


Gasoline  from  Natural  Gas 


This  subject  is  an  internationally  popular  one.  The  drying 
material  of  Dr.  Ikeda,  mentioned  in  a  previous  letter  and  now 
called  "adsole,"  has  proved  to  be  a  powerful  drying  agent  and 
is  now  being  used  in  many  industries.  Fish  are  easily  dried  by 
this  material.  It  has  also  been  found  that  adsole  will  absorb 
gasoline  from  natural  gas,  from  which  the  gasoline  is  recovered. 
The  Toyo  Gas  Laboratory  has  been  founded  for  the  utilization  of 
adsole,  manufacture  of  gasoline  and  other  connected  works,  being 
connected  with  the  Rikwagaku  Kenkyujo  (Institute  of  Phys- 
ical and  Chemical  Research).  A  plant  was  built  in  Echigo,  a 
famous  petroleum  field  in  Japan,  and  the  work  is  now  progressing. 
In  the  future  some  report  will  be  written  on  the  work  of  this  plant. 

May  25,  1923 
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WASHINGTON  NOTES 


Encyclopedia  of  Specifications 

On  May  26,  1923,  Secretary  Hoover  called  a  conference  of 
state  purchasing  agents  at  the  Department  of  Commerce,  upon 
specifications  for  the  purchase  of  supplies  by  our  national  and 
local  governments  and  public  institutions.  Twenty-six  state 
governments  were  represented  at  this  conference.  Secretary 
Hoover  announced  that  the  work  contemplated  is  an  important 
link  in  the  whole  great  chain  of  elimination  in  our  industrial 
and  commercial  fal^ric,  and  means  hundreds  of  millions  of  dollars 
to  the  taxpayer  and  much  more  to  the  private  consumer  and  to 
the  manufacturer. 

He  learned  from  war  experience  of  the  great  faultiness  of  speci- 
fications used  in  federal  purchases  and  soon  after  becoming 
Secretary  of  Commerce  determined  that  his  department  should 
review  these  specifications.  Subsequently,  an  interdepart- 
mental committee  was  created  for  the  better  development  of 
this  work  under  the  leadership  of  the  Department  of  Commerce. 
Each  of  the  specifications  is  being  considered  and  the  chemical 
and  physical  requirements  of  eacfi  article  are  being  exhaustively 
examined  in  the  laboratories  of  the  Bureau  of  Standards.  After 
a  definite  scientific  background  has  been  determined,  the  manu- 
facturers in  each  branch  are  consulted  to  make  sure  that  the 
industrial  and  commercial  setting  of  a  specification  is  right  from 
the  point  of  view  of  the  practical  producer. 

These  reorganized  specifications  have  enabled  the  Government 
to  buy  on  so  much  better  terms  that  Secretary  Hoover  called 
the  conference  of  purchasing  agents  with  the  thought  that  the 
Federal  Government — with  its  great  laboratories  and  with  its 
large  experience  in  the  standardization  of  purchases,  in  the 
formulation  of  the  sequent  specifications,  and  in  the  develop- 
ment of  methods  of  testing — could  be  of  inestimable  service  to 
the  purchasing  agents  of  states,  municipalities,  and  public 
institutions. 

Where  standards  and  specifications  are  successfully  developed 
by  the  Government,,  they  are  receiving  wide  voluntary  accep- 
tance and  adoption  among  public  consumers,  and  many  industries 
are  now  applying  to  the  Department  of  Commerce  to  establish 
standards  upon  which  specifications  may  be  founded.  The 
simplification  of  dimensions  in  many  common  articles  is  also 
a  branch  of  standardization. 

The  direct  purpose  of  this  cooperative  work  is  to  secure  among 
federal,  state,  and  municipal  groups  constructive  application  of 
scientific  knowledge  to  service  requirements;  to  coordinate 
similar  demands  and  eliminate  unessential  differences;  to  balance 
increases  in  cost  against  probable  ser\'ice  improvements;  and 
to  formulate  adequate  test  or  inspection  methods.  A  handbook 
will  be  formulated  and  issued  for  the  use  of  public  purchasing 
agents,  covering  the  entire  field  of  standards,  specifications, 
simplifications,  and  tests  which  may  be  determined  as  the  best 
adapted  for  public  purchases,  the  publication  in  each  instance 
to  be  formulated  in  consultation  with  the  different  agencies 
particularly  concerned. 

The  work  in  the  Department  of  Commerce  will  be  in  charge 
of  A.  S.  McAllister.  Dr.  McAllister  has  for  some  time  been 
liason  officer  between  the  Department  of  Commerce  and  the 
American  Engineering  Standards  Committee,  with  headquarters 
in  New  York,  N.  Y.,  but  at  the  request  of  Secretary  Hoover 
he  has  been  released  by  the  American  Engineering  Standards 
Committee  and  transferred  to  Washington  to  head  this  work. 

A  further  conference  was  called  on  June  1 1  at  the  Depart- 
ment of  Commerce  for  the  formulation  of  an  advisory  committee 
to  cooperate  with  the  Department  of  Commerce  and  the  State 
Purchasing  Agents'  Association  in  this  work. 

The  associations  represented  at  this  conference  were: 

Engineering   Standards    Committee 

Society  for  Testing  Materials 
National  Association  of  Purchasing  Agents 
United  States  Chamber  of  Commerce 
National  Association  of  Manufacturers 
American  Hotel  Association 
National  Business  Editors'  Association 
Federal  Specifications   Bureau 
Associates  for  Government  Service 
American  Electric  Railway  Association 
Society  of  Automotive  Engineers 


Nitrate  Survey 

In  connection  with  the  nitrate  investigations  being  conducted 
by  the  Department  of  Commerce,  it  is  understood  that  Frank  A. 
Ernst  will  shortly  visit  Europe,  accompanied  by  J.  M.  Braham 
of  the  Fixed  Nitrogen  Laboratory.  J.  Foster  Bain,  director  of 
the  Bureau  of  Mines,  and  H.  S.  Rlulliken,  his  technical  assistant, 
will  go  to  Chile  to  investigate  conditions  there.  Arthur  H. 
Walker,  vice  president  of  the  American  Farm  Bureau  Federation, 
is  traveling  about  the  United  States,  visiting  in  particular  the 
agricultural  experiment  stations  and  agricultural  colleges,  with 
a  view  to  securing  information  on  the  needs  of  agriculture 
for  nitrates  and  the  prospect  of  increased  payments  for  this 
purpose.  He  is  being  assisted  by  R.  F.  Bower,  who  is  at  present 
stationed  in  Washington.  R.  S.  McBride  has  been  appointed 
special  agent  to  report  upon  nitrogen  from  coal. 

Dye   Census 

The  manuscript  on  the  "Census  of  Dyes  and  Other  Organic 
Synthetic  Chemicals,"  prepared  by  W.  N.  Watson  of  the  Tariff 
Commission,  is  now  in  the  printer's  hands,  and  it  is  hoped  that 
the  printed  report  will  be  available  for  distribution  soon  after 
the  middle  of  July.  The  principal  feature  of  the  report  this 
year  is  the  discussion  of  the  international  dye  trade,  with  com- 
plete figures  on  exports  and  imports  of  all  the  dye-consuming 
nations  of  the  world.  The  work  on  non-coal-tar  products,  which 
appeared  last  year  for  the  first  time,  is  continued. 

Dye  Committee  Meets 

C.  G.  Derick,  Wm.  J.  Hale,  W.  H.  Watkins,  L.  A.  Olney,  and 
R.  N.  Shreve,  the  committee  of  collaborators  recently  appointed 
to  the  Color  Laboratory  of  the  Bureau  of  Chemistry,  Department 
of  Agriculture,  visited  Washington  on  June  11  and  12.  After 
a  conference  with  W.  G.  Campbell,  acting  chief  of  the  Bureau  of 
Chemistry,  and  W.  W.  Skinner,  assistant  chief,  they  inspected  the 
Color  Laboratory,  which  is  situated  at  the  Arlington  Experi- 
mental Farm,  Va.,  and  discussed  the  present  and  future  work 
of  the  laboratory  with  J.  A.  Ambler,  chemist  in  charge.  The 
committee  also  visited  the  Bureau  of  Standards,  Department 
of  Commerce,  conferred  with  G.  K.  Burgess,  director,  and  in- 
spected the  work  on  dyes  which  is  being  carried  on  by  that 
bureau. 

This  committee  was  appointed  some  time  ago  by  the  Section 
of  Dye  Chemistry  of  the  American  Chemical  Society  to  co- 
operate with  those  government  laboratories  which  are  working 
on  dyes  and  to  suggest  to  them  problems  of  vital  interest  to  the 
dye  industry. 

New  Industrial  Film 

"The  Story  of  the  Gasoline  Motor"  is  the  title  of  the  latest 
issue  in  the  series  of  industrial  motion  picture  films  prepared  by 
the  Bureau  of  Mines.  This  film,  made  in  cooperation  with  the 
Continental  Motors  Corporation,  visualizes  in  a  most  graphic 
manner  the  complete  operation  of  a  gasoline  engine.  Special 
views  have  been  made  to  show  the  cycles  through  which  the  gas 
travels  from  the  time  it  enters  the  engine  as  an  explosive  mixture 
until  the  time  it  leaves  the  engine  as  a  burned  gas.  With  the 
aid  of  special  lenses,  some  unusual  "close-up"  scenes  have  been 
obtained.  In  order  to  show  clearly  what  has  taken  place  inside 
the  engine  and  the  particular  role  which  each  part  plays  in  creat- 
ing power  from  liquid  fuel,  much  elaborate  work  was  done.  To 
give  this  correct  portrayal  in  every  detail,  many  engines  were  cut 
into  at  various  points  and  made  to  operate  so  the  particular 
function  of  every  moving  part  would  be  clearly  shown.  Copies 
of  this  film  may  be  borrowed  for  educational  purposes  from  the 
Department  of  the  Interior,  Bureau  of  Mines,  Pittsburgh,  Pa. 

Hydrogen  Sulfide  as  an  Industrial  Poison 

An  investigation  of  the  toxicity  of  hydrogen  sulfide  has  been 
completed  by  the  Bureau  of  Mines  The  experiments  show  that 
this  gas  is  exceedingly  poisonous,  as  acute  poisoning  can  be 
caused  by  breathing  air  containing  as  little  as  0.07  of  one  per 
cent.  Dangers  from  its  possible  presence  in  mines  and  around 
industrial  plants  have  not  been  fully  appreciated  The  gas  is 
frequently  present  in  small  but  dangerous  quantities  in  places 
where  sulfur  may  be  present  and  exposed  to  chemical  action,  as 
in  mines,  sewers,  sulfuric  acid  plants,  refineries,  gas  plants,  and 
smelters. 
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,  Ottawa,  Canada 


Production  of  Chemicals  during  1922 

Statistics  recently  issued  indicate  that  the  production  of 
chemicals  and  allied  products  in  Canada  during  1922  reached  a 
total  value  of  §99,575,000  as  compared  with  $87,185,102  in  the 
preceding  year. 

Imports  statistics  reflected  improved  conditions  in  inter- 
national trade,  and  the  exports  of  Canadian  chemicals  and 
aUied  products  showed  a  marked  advance  over  the  preceding 
year.  Production  records  in  almost  everj-  industrial  field  during 
the  past  three  years  showed  the  effect  of  post-war  influences. 
In  1919,  as  a  residt  of  the  large-scale  production  during  the  war 
years,  the  accumulation  of  stocks  was  considerably  in  excess  of 
current  requirements,  with  the  result  that  production  was  much 
curtailed.  Most  of  these  stocks  were  disposed  of  in  1919,  with 
the  result  that  in  the  early  part  of  1920  an  appreciable  advance 
in  prices  occurred,  which  reached  a  maximum  about  the  middle 
of  the  year.  This  advance  in  prices  was  followed  by  increased 
production,  and  in  many  industries  1920  was  a  banner  year. 
During  the  closing  months,  however,  demands  from  consumers 
for  lower  prices  became  more  insistent,  and  in  1921  a  nation- 
wide reduction  of  inventories  and  deflation  in  prices  occurred. 
At  the  close  of  that  year,  although  prices  were  at  a  much  lower 
level  than  at  the  beginning,  conditions  throughout  the  industry 
were  much  improved  and  the  prospects  for  conservative  and 
consistent  progress  were  much  better  than  at  any  time  since  the 
close  of  the  war.  Substantial  progress  was  made  in  1922,  and 
1923  opened  with  conditions  distinctl}'  favorable  for  a  marked 
advance   in   production   reports. 

In  certain  well-defined  fields,  the  production  of  chemicals 
in  Canada  has  attained  world-trade  importance.  In  many 
otlier  lines,  production  in  competition  with  imported  chemicals 
is  being  carried  on  successfully,  and  the  manufacture  of  specific 
commodities  for  which  there  is  a  definite  and  continuous  demand 
has  proved  an  attractive  field  for  small  concerns.  Several 
plants  have  been  established,  each  of  which  specializes  in  the 
production  of  one  or  more  of  these  necessities  for  the  chemical 
trade.  A  study  of  the  imports  statistics  shows  that  many  such 
opportunities  exist. 

The  distillation  of  tar  in  Canada  has  been  carried  on  as  a 
separate  industry'  by  several  plants  for  a  number  of  years,  and 
as  an  adjunct  to  the  production  of  composition  roofing  by  several 
other  concerns.  The  products  include  creosote  oils,  naphthalene, 
pitch,  benzene,  naphtha,  toluene,  and  road  tars.  The  manu- 
factiure  of  disinfectants  composed  principally  of  coal  has  also 
been  undertaken  with  considerable  success. 

The  manufacture  of  hea\'>'  chemicals  in  Canada  has  been  car- 
ried on  for  a  great  many  years.  The  production  of  mineral  acids 
was  one  of  the  earliest  chemical  industries  to  be  established, 
and  it  has  always  shown  great  stability  and  strength.  During 
1922  the  products  made  by  the  firms  under  the  grouping  acids, 
alkalies,  salts,  and  compressed  gases,  reached  a  total  value  of 
nearly  $17,600,000,  an  increase  of  more  than  $1,000,000  over 
the  value  of  the  1921  output.  The  production  of  sulfuric  acid 
alone  increased  more  than  20,000  tons,  to  a  total  of  67,280  tons 
valued  at  $1,390,000.  Calcium  carbide,  calcium  and  sodium 
cyanides,  and  soda  ash  were  produced  in  increasingly  large  quan- 
tities during  the  year. 

The  manufacture  of  compressed  gases,  including  oxygen, 
acetylene,  carbon  dioxide,  anhydrous  ammonia  and  hydrogen, 
continued  on  about  the  same  scale  as  in  the  two  preceding  years, 
the  total  production  being  valued  at  $2,000,000. 

There  was  a  considerable  increase  in  the  production  of  ex- 
plosives during  1922,  and  the  production  of  ammunition  in- 
cluding safety  cartridges,  detonators,  electric  detonators,  and 
primers,  was  well  maintained. 

In  the  manufacture  of  matches  two  new  plants  w-ere  put  in 
operation  during  1922,  one  by  the  Canadian  Match  Company,  of 
Pembroke,  where  formerly  splints  only  had  been  manufactured, 
and  the  other  by  The  Match  Company,  at  BerthiersTlle. 

The  production  of  fertilizers  in  Canada  was  carried  on  by 
sixteen  plants,  and  the  value  of  the  output  in  1922  was  estimated 
at  $2,400,000,  in  addition  to  the  production  of  such  materials 
by  the  industries  classified  in  other  groups.  Conditions  in  the 
fertilizer  trade  during  the  past  few  years  have  been  rather  diffi- 
cult, and  the  value  of  the  output  has  consequently  declined. 
On  the  other  hand,  imported  fertilizer  materials,  such  as  muriate 


and  sulfate  of  potash  and  nitrate  of  soda,  have  become  available 
in  greater  quantity  and  at  a  lower  price.  As  a  consequence 
of  this  considerable  quantities  have  been  imported. 

The  selling  value  of  the  products  made  in  the  medicinal  and 
pharmaceutical  preparations  industry  was  slightly  less  than  the 
value  credited  to  the  output  of  these  concerns  in  1921,  but  in 
general  it  may  be  said  that  the  industry  maintained  its  estab- 
lished position. 

The  manufacture  of  paints,  pigments,  and  varnishes  continued 
to  be  Canada's  leading  chemical  industry,  and  in  1922  the  output 
of  the  plants  in  this  group  was  estimated  to  be  worth  $23,960,000, 
at  which  figure  a  gain  of  nearly  $6,000,000  in  output  valuation 
was  attained.  The  figures  for  1922  did  not  come  up  to  the  values 
estabhshed  for  1920,  but  they  indicated  that  a  very  considerable 
advance  had  been  made  by  the  industry. 

The  manufacture  of  soaps,  washing  compounds,  and  toilet 
preparations  contributed  products  valued  at  $15,570,000,  and 
at  this  figure  the  group  ranked  third  among  the  chemical  in- 
dustries. Canada  still  imports  more  than  $1,000,000  worth  of 
soaps  annually,  mostly  from  the  United  States,  nearly  all  of  which 
comes  under  the  headings  "common  laundry  soap"  and  "toilet 
soap."  On  the  other  hand,  the  exports  of  Canadian  soap  go 
principally  to  the  United  Kingdom.  The  total  value  of  the 
export  trade  is  in  the  neighborhood  of  $200,000.  The  manu- 
facture of  washing  compounds  in  Canada  is  one  of  the  industries 
in  which  decided  progress  has  been  made.  Three  new  plants 
were  established  in  1921.  The  ease  of  manufacture  and  the 
ready  market  for  these  useful  preparations  probably  account 
for  the  increased  prosperity. 

^Tiile  considerable  quantities  of  perfumes,  cosmetics,  and 
toilet  preparations  are  made  as  minor  products  of  several  other 
industries,  the  manufacture  of  these  commodities  as  principal 
products  has  been  carried  on  in  Canada  for  a  number  of  years, 
and  the  industry  has  become  recognized  as  one  of  no  mean 
importance. 

The  manufacture  of  printing  inks  continued  to  be  the  principal 
item  of  production  in  the  inks,  dyes,  and  colors  group.  The 
value  of  the  group  output  in  1922,  estimated  at  $2,200,000,  was 
practically  unchanged  from  the  pre\-ious  year. 

The  production  of  wood  distillation  products  in  1922  continued 
on  an  even  more  modest  scale  than  in  the  preceding  year,  which 
was  one  of  the  dullest  in  the  history  of  the  industry. 

The  manufacture  of  chemicals  and  allied  products  which  do 
not  naturally  fall  in  any  one  of  the  groups  previously  considered, 
and  including  such  commodities  as  adhesives,  artificial  abrasives, 
boiler  compounds,  flavoring  extracts  and  jelly  powders,  polishes 
and  dressings,  sweeping  compounds,  baking  powders,  insecti- 
cides, and  chemical  products  not  elsewhere  specified,  was  carried 
on  by  about  one  hundred  and  ten  firms  in  Canada,  and  the  value 
of  their  combined  outputs  in  1922  was  estimated  at  $9,260,000, 
an  increase  of  more  than  $1,000,000  over  the  totals  for  1921. 

The  total  importations  of  chemicals  and  allied  products  into 
Canada  diu-ing  the  calendar  year  1922  were  valued  at  $25,689,000, 
an  increase  of  $675,000  over  the  amount  reported  in  the  pre- 
ceding year. 

There  was  a  very  considerable  increase  in  the  quantities  of 
sulfuric  and  hydrochloric  acid  imported  into  Canada  during 
1922,  but  the  imports  of  nitric  acid  were  slightly  less.  Oxalic 
acid  importations  were  less,  while  the  quantities  of  stearic, 
tannic,  tartaric,  and  boric  acids  were  greater  than  in  1921. 

May  25,  1923 


The  Canadian  Institute  of  Chemistry  and  the  Canadian  sec- 
tion of  the  Society  of  Chemical  Industry  held  a  joint  meeting  at 
the  University  of  Toronto,  May  29,  30,  and  31.  S.  J.  Cook,  of 
the  Dominion  Bureau  of  Statistics,  who  was  one  of  the  principal 
speakers,  gave  statistics  on  the  production,  export,  and  import 
of  chemicals  and  allied  products  in  Canada. 

Election  of  officers  resulted  as  follows: 

President:  A.  C.   Neish,  Queens  University.  Kingston 

Vice  Presidents:  T.  Thorw  aldsen.  University  of  Saskatchewan,  Saska- 
toon; A.  T.  Charrcv,  Provincial  Chemist,  Quebec;  C.  E.  Wallin,  Sydney, 
N.  S. 

Secretary:  L.  E.  Westman,  Toronto 

Treasurer:  J.   Watson   Bain,   University  of  Toronto,   Toronto. 


July,  1923 
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;  de  robservatoire,  Paris,  France 


Prof.  Georges  Urbain  has  recently  returned  to  France 
after  a  six  months'  visit  to  the  United  States,  and  he  has  given 
some  very  interesting  impressions.  He  considers  that  American 
science  will  soon  eclipse  that  in  Europe.  In  the  United  States 
scientific  research  and  higher  instruction  are  connected,  as  in 
France,  but  the  state  monopoly  of  instruction  prevents  the 
progress  of  research,  for  the  state  is  not  always  able  to  provide 
for  the  increasing  needs  of  research  work.  The  system  of 
grants  to  the  universities,  without  interference  by  the  state, 
makes  it  possible  for  the  American  laboratories  to  take  the  lead 
in  scientific  movements. 

Bordeaux  Mixture  for  Wine-Growers'  Use 

I  have  previously  spoken  of  the  work  pursued  in  France  on 
the  use  of  Bordeaux  mixture  in  the  treatment  of  vineyard  diseases. 

It  had  been  claimed  that  the  copper  had  no  specific  toxic  ac- 
tion on  the  cryptogamic  generator  of  mildew  and  that  the  action 
of  pastes  was  due  to  their  alkalinity. 

in  the  last  two  years  a  number  of  experiments  have  been  made 
in  different  parts  of  France,  and  the  results  are  concordant. 
Mere  boiling  of  the  lime  was  in  all  cases  ineffectual.  The 
Academy  of  Agriculture  decided  to  warn  the  wine-growers 
against  the  use  of  lime  paste,  copper  paste  at  present  constitut- 
ing the  only  efficient  treatment. 

M.  Raphael  Bubois  thinks,  moreover,  that  the  copper  is  a  nor- 
mal element  in  the  vine.  The  copper  absorbed,  whether 
through  the  roots  or  through  the  leaves,  would  serve  to  combat 
a  sort  of  copper  anemia  of  the  plant.  The  copper  would  thus 
confer  to  the  plant  an  immunity  against  invasion  by  the  crypto- 
gam. This  copper  would  be  in  the  plant  in  the  form  of  oxidase 
or  peroxidase  as  in  the  hemocyanine  of  the  blood  of  the  snail. 
This  oxidase  would  insure  the  defense  of  the  plant  against  the 
cryptogamic  parasites. 

Copper  for  Conservation  of  Wood 

Along  the  same  line,  it  is  known  that  for  a  long  time  copper  has 
been  used  in  France  for  the  conservation  of  wood.  M.  Chavaste- 
lon  has  obtained  excellent  conservation  in  using,  not  only  the 
sulfate,  but  the  bichromate  of  copper  obtained  by  mixing  cold 
solutions  of  6  per  cent  potassium  or  sodium  bichromate  and  6 
per  cent  copper  sulfate.  Such  a  solution  not  only  permits  the 
conservation  in  all  the  wood,  but  also  makes  possible  rapid  cica- 
trization of  the  wounds  made  in  fruit  trees,  especially  wounds 
of  pruning  (in  apple,  walnut,  peach,  cherry  trees,  etc.),  wounds 
which,  when  they  are  not  quickly  cicatrized,  serve  as  ports  of 
entry  for  the  animal  or  vegetable  parasites. 

Preservation  of  Foreign  Grains  and  Seeds 

It  is  known  that  the  preservation  of  grain  and  seeds  of  foreign 
plants  is  sometimes  very  difficult.  The  agricultural  stations 
receive  from  different  parts  of  the  world  grains  of  rare  species 
and  these  grains  very  rapidly  lose  their  germinating  power; 
this  is  particularly  striking  in  the  grains  containing  fatty  matter 
or  essential  oils.  These  fatty  materials  or  oils  absorb  oxygen 
from  the  air  and  it  is  this  oxidation  which  really  takes  from  the 
plant  its  germinating  power. 

For  more  than  twelve  years  M.  Houdas  has  been  experimenting 
on  the  preservation  of  grains.  He  has  established  that  the 
grains  of  Jcrbera  Jamesoni  can  be  kept  in  an  atmosphere  of 
hydrogen  or  carbon  dioxide,  and  that  under  these  conditions  at  the 
end  of  twelve  years  they  have  not  lost  their  germinating  power, 
this  germinating  power  remaining  absolutely  constant  all  the 
time  since  the  beginning  of  the  experiment  (1911).  This  has 
also  been  found  true  of  umbelliferous  grains — grains  containing 
an  essential  oil. 

Role  of  Oxidation  in  Biological  Processes 

The  part  of  oxidation  in  biological  phenomena,  moreover,  has 
been  the  object  of  numerous  researches  connected  with  the  anti- 
oxygen  notion  of  MM.  Moureau  and  Dufraisse.  In  dyestuffs 
the  fixation  of  oxygen  by  light  has  been  avoided.  It  is  known 
that  cloth  of  wool,  cotton,  or  silk  is  changed  more  or  less  rapidly 
under  the  action  of  light,  by  a  change  of  color.  M.  Gillet  has 
just  shown  that  phenol  in  the  ortho  and  para  positions  has  an 
.anti-oxygen  action  in  a  dve  and  prevents  its  decoloration  by 
light. 


Purification  of  Oils  Containing  Colloids 
In  the  field  of  industrial  chemistry,  I  might  mention  the  very 
interesting  work  of  MM.  Marx  and  Rozies  on  the  purification  of 
oils  containing  colloidal  substances  in  suspension.  This  problem 
was  recently  studied  by  the  American  chemist,  Claude  Haynes,  Jr. 
MM.  Marx  and  Rozies  have  solved  this  problem  by  combining, 
in  an  apparatus  called  an  electro-centrifugal  separator,  centrifu- 
gation  and  electrolytic  precipitation.  By  passing  the  colloidal 
oil  solution  for  five  minutes  through  a  current  with  a  strength  of 
40,000  volts  and  centrifuging  the  liquid  with  a  speed  of  2700 
revolutions  per  minute  for  the  same  length  of  time,  it  has  been 
possible,  in  five  minutes,  to  obtain  an  optically  pure  oU. 

Substitution  of  Iron  for  Lead  Water  Pipes 

The  lead  mined  in  France  is  insufficient  to  cover  its  needs. 
In  1922  we  imported  over  210  million  francs  worth  of  lead. 
M.  Binder  suggests  that  in  the  future  lead  be  replaced  by  iron  in 
all  water  pipe  lines.  He  shows  the  advantage  of  this  solution 
of  the  problem  from  the  point  of  view  of  health  and  economy, 
since  piping  costs  two  and  one-half  times  as  much  with  lead  as 
with  iron. 

The  argument  which  he  gives  of  the  necessity  of  saving  the 
lead  for  the  manufacture  of  explosives  with  a  base  of  nitrate  of 
lead  and  nitrocellulose,  seems  to  me  to  have  little  value. 

Chemists  Cause  Leather  Restrictions  to  Be  Removed 

Different  manifestations  of  scientific  activity  are  commencing 
to  have  their  reaction  in  the  decisions  taken  by  the  administra- 
tions. Thus,  the  Commission  of  Leather  of  the  Ministry  of- 
Commerce  has  made  France  allow  the  importation  of  leather 
and  skins  coming  from  the  regions  where  the  cattle  plague  or 
aphteuse  fever  is  raging,  with  the  condition  that  the  leather 
has  been  treated  with  salting  or  by  a  chemical  preparation. 

M.  Abt,  of  Pasteur  Institute,  has  demonstrated  that  the 
skins  thus  treated  are  no  longer  dangerous.  It  is  estimated 
that  this  measure  will  reestablish  the  market  for  leather  in  France. 

Report  of  Carbonization  Commission 

The  Commission  of  Carbonization  of  the  Ministry  of  Commerce, 
inspired  by  the  work  of  the  Congress  of  Combustible  Liquids, 
has  just  published  its  report.  The  Commission  values  the 
reserve  of  bituminous  schists  of  France  at  50,000,000  of  tons 
and  the  extent  of  the  peat  bogs  in  France  at  500,000  hectares. 
It  has  established  the  balance  of  production  of  benzene  and  oil  by 
carbonization  as  follows: 


;  and 
Lifiht  Oils 
Tons 


Heavy  Oils 


Illuminating  gas. 

Cokeries 

Gas  generators .  . , 


The  cokeries  distil  6,500,000  tons  of  oil  and  the  gas  factories 
5,000,000  tons.  New  installations  will  permit  the  distillation 
of  9,500,000  in  the  cokeries  and  6,000,000  in  the  gas  factories. 
This  distillation  would  give  700,000  tons  of  resin  which  we 
would  be  able  to  export. 

New;Method  for  Determination  op  Silica 

All  chemists  know  that  the  gravimetric  method  of  determina- 
tion of  silica  in  water  is  very  long  by  reason  of  the  necessity 
of  rendering  it  insoluble.  M.  Diener,  chief  of  inspection  of  water 
service  in  the  city  of  Paris,  gives  a  colorimetric  method  of 
determination  of  silica  based  on  the  use  of  molybdate  of  ammonia 
in  nitric  solution.  With  the  aid  of  this  solution  he  determines 
colorimetrically  the  silica,  which  gives  a  yellow  coloration  that 
can  be  compared  either  with  solutions  titrated  with  silicate  of 
soda  or  with  picric  acid  solution  standardized  with  a  solution 
of  silica  of  known  titration. 
May  30.  1923 


Correction — The  address  of  the  new  offices  and  laboratories 
of  Skinner,  Sherman  &  Esselen,  Inc.,  of  which  announcement 
was  made  in  This  Journal,  15  (1923),  540,  should  be  changed 
to  read  276  Stuart  St.,  Boston,  Mass.—  [HERBERT  L.  Sherman] 
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Obituary 


William  Brady 


William  Brady,  chief  chemist  and  chemical 
engineer,  Illinois  Steel  Co.,  South  Works. 
Chicago,  111.,  died  Sunday  evening,  April  22, 
1923,  at  his  residence,  7042  Marquette  Ave., 
after  a  brief  illness. 

Mr.  Brady  was  born  October  28,  1863, 
at  Lafayette,  Ind.  He  was  a  graduate  of 
Purdue  University,  class  of  1887,  and  served 
as  assistant  instructor  of  chemistry  at  that 
institution  from  1887  to  1889.  In  1889  he 
accepted  a  position  as  a  chemist  with  the 
Illinois  Steel  Company,  South  Works,  and 
was  promoted  to  assistant  chief  chemist   in 

1893.  In  March,  1893,  he  left  this  company 
to  engage  in  government  work  at  the  V.  S. 
Experimental  Station  at  Lafayette,  Ind.,  re- 
turning  to   the    Illinois    Steel   Company   in 

1894.  In  1900  he  was  appointed  chief  chem- 
ist, and  in  1907,  chemical  engineer. 

He  had  been  a  member  of  the  American 
Chemical  Society  since  1902.  He  was 
elected  vice  chairman  of  the  Chicago  Section  in  1904,  chair- 
man in  1905,  councilor  in  1909,  and  a  director  of  the  Society  in 
1913,  serving  in  this  capacity  until  1916.  In  1908  he  became  a 
member  of  the  American  Society  for  Testing  Materials  and  the 
American  Electrochemical  Society,  in  1907,  a  member  of  the 
American  Association  for  the  Advancement  of  Science.  He 
was  a  member  of  the  Chemists' Clubs  of  Chicago  and  New  York. 

Mr.  Brady  took  an  active  interest  in  affairs  of  the  American 
Chemical  Society,  giving  generously  of  his  time  and  advice. 
In  1912,   when  the  Eighth  International  Congress  of   Applied 


WlCUIA 


Chemistry  was  held  in  the  United  States,  Mr. 
Brady  was  a  member  of  the  executive  com- 
mittee. His  untiring  energy  and  service  in 
this  work  will  always  be  remembered  by  his 
as.sociates. 

Mr.  Brady  was  an  active  member  of  Com- 
mittee D-.5  on  Coal  and  Coke  and  Committee 
A-1  on  Steel  of  the  American  Society  for 
Testing  Materials.  He  also  did  consider- 
able work  for  the  Bureau  of  Standards  in 
connection  with  their  standard  samples  of 
steel.  He  was  a  member  of  the  L'nited 
States  Steel  Corporation  Chemists'  Com- 
mittee and  chairman  of  several  of  the  sub- 
committees on  standardization  of  methods  of 
sampling  and  analysis  of  iron,  steel,  and 
various  raw  materials  and  by-products.  Mr. 
Brady  was  an  authority  on  exploration  and 
valuation  work  in  connection  with  limestone, 
fluorspar,  and  other  raw  materials  used  in 
the  manufacture  of  iron  and  steel.     His  fund 

BR-^"''  of  knowledge  and  his  executive  ability  were 

invaluable.     He  was  active  in  Y.  ^^.  C.  A. 

and   welfare   work    throughout   the  South  Chicago     industrial 

district. 

In   the   passing  of  "Bill"   Brady  the   American    Chemical 

Society  loses  a  beloved  associate,  one  whose  kindliness,  interest 

in  his  fellow-men,  and  rugged  common  sense  endeared  him  to 

all  who  came  in  contact  with  him. 

He  is  survived  by  his  widow,  Mrs.  Laura  B.  Brady,  a  son, 

Van  W.  Brady,  and  a  daughter,  Mrs.  J.  H.  Abbott. 

L.  P.  Chase 


Personals 


Paul  M.  Giesy  has  been  made  director  of  the  Brooklyn  Research 
Laboratories  of  E-  R.  Squibb  &  Sons. 

C  A.  Nash  has  resigned  his  position  with  the  Cutler-Hammer 
Manufacturing  Company  to  accept  a  position  as  manager  of 
the   Bakclite  plant  of   the  Reynolds  Spring  Co.,  Jackson.  Mich. 

L.  W.  Himmler  has  resigned  his  position  in  the  Bureau  of 
Animal  Industry  to  join  the  research  staff  of  the  Cudahy  Packing 
Co..  Omaha,  Nebr. 

Henry  Kraemer,  of  Mount  Clemens,  Mich.,  has  been  elected 
an  honorary  member  of  the  Pharmaceutical  Society  of  Great 
Britain. 

Ronier  D.  Oilar,  chemical  engineer,  has  returned  from  a  trip  to 
South  America,  where  he  spent  more  than  a  year  in  development 
and  investigational  work  on  vegetable  oil,  soap,  and  packing- 
house industries. 

Eric  A.  Lof,  who  since  1909  has  been  employed  as  an  industrial 
engineer  and  specialist  with  the  Power  and  Mining  Engineering 
Department  of  the  General  Electric  Co.,  has  resigned  to  accept 
a  position  with  the  American  Cyanamid  Co.,  New  York,  N.  Y. 

Harold  H.  Spengler  has  resigned  his  position  with  the  Koppers 
Co..  of  Pittsburgh.  Pa.,  to  accept  a  position  as  compounder  for 
part  of  the  mechanical  goods  of  the  Goodyear  Tire  &  Rubber 
Co.,  Akron,  Ohio. 

Charles  F.  Whittemore,  of  Denver,  Colo.,  sailed  on  June  (i 
for  Buenos  Aires  to  make  installations  of  apparatus  for  purifying 
radium  in  the  Argentine  capital.  Mr.  Whittemore  will  remain  in 
South  America  about  ten  weeks. 

F.  W.  Sullivan,  Jr.,  has  resigned  from  the  teaching  staff  of  the 
Department  of  Chemistry  at  the  University  of  Michigan  to  go 
into  research  work  with  the  Standard  Oil  Company  (Indiana), 
at  Caspar,  Wyo. 


Frank  J.  Monaghan  has  been  appointed  Commissioner  of 
Health  for  New  York  City  to  succeed  Royal  S.  Copeland,  who  has 
been  elected  to  the  United  States  Senate.  Dr.  Monaghan  has 
been  sanitary  superintendent  of  New  York  City  for  the  past 
five  years. 

Bradley  Stoughton,  formerly  of  Columbia  University  and  later 
secretary  of  the  American  Institute  of  Mining  and  Metallurgical 
Engineers,  has  been  appointed  professor  of  metallurgv'  at  Lehigh 
University. 

John  C.  Brier  has  resigned  as  professor  of  chemical  engineering 
at  the  LIniverfeity  of  Michigan  to  engage  in  the  development  of 
technical  service  for  the  Glidden  Company. 

Hugh  K.  Aiken,  formerly  a  member  of  the  Staff  of  Instruction, 
Department  of  Chemistry,  Cornell  University,  has  accepted  a 
position  with  E.  I.  du  Pont  de  Nemours  &  Co.,  Experimental 
Station,  Henry  Clay,  Del. 

H.  H.  Willard  has  been  appointed  full  professor  of  analytical 
chemistry.  University  of  Michigan,  effective  in  the  fall  of  1923. 
Professor  Willard  has  been  a  member  of  the  staff  of  the  Depart- 
ment of  Chemistry  for  a  number  of  years  and  has  made 
many  valuable  contributions  in  the  field  of  quantitative 
analysis. 

Gerald  L.  Wendt,  now  with  the  Standard  Oil  Company  (Indi- 
ana), has  been  elected  an  honorary  member  of  the  Science  As- 
sociation of  the  Maharajah's  College  at  Vizianagaram,  South 
India.  During  the  past  semester  he  has  been  giving  a  course 
of  lectures  on  subatomic  phenomena  at  Northwestern  University, 
Evanston,  111. 

R.  J.  Quinn,  formerly  of  Chicago,  has  been  transferred  to  the 
New  York  office  of  the  Mathieson  Alkali  Works,  Inc.,  2.'5  West 
43rd  St.,  New  York  City. 
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The  Riddle  of  the  Rhine.  By  Victor  Lefebure.  American 
Edition.  28.3  pp.  E.  P.  Dutton  &  Co.,  New  York.  Price, 
$2.00. 

The  silence  and  mystery  which  have  surrounded  chemical 
warfare,  the  lack  of  realization  of  the  real  forces  behind  it  in 
Germany,  and  the  failure  to  grasp  the  significance  of  the  matter 
in  treaties  has  led  to  much  misunderstanding  and  many  in- 
accurate public  utterances.  This  unfortunate  state  of  affairs 
should  be  remedied.  The  English  edition  of  "The  Riddle  of  the 
Rhine"  has  already  done  much  to  clear  the  atmosphere,  and  it 
is  to  be  expected  that  this  American  edition,  which  is  given  added 
authority  by  a  stirring  preface  by  Marshal  Foch,  will  continue 
the  good  work.  It  is  a  dramatic  and  at  the  same  time  an  au- 
thentic account  of  chemical  strategy  in  peace  and  war,  told  by 
one  who  has  had  a  unique  experience  of  chemical  warfare  in 
all  its  aspects,  first  with  a  combatant  gas  unit  on  the  British 
front  in  France,  then  as  Liaison  Officer  with  France  and  her 
allies  on  all  chemical  warfare  matters.  Later  Major  Lefebure 
assisted  Lord  Moulton  on  various  questions  in  connection  with 
the  treaty  and  in  surveying  the  great  chemical  munition  factories 
of  the  Rhine.  The  material  which  was  gathered  as  a  result  of 
these  experiences  is  discussed  under  the  following  headings: 
Explanatory,  which  gives  a  general  picture  of  chemical  warfare 
with  special  reference  to  the  I.  G.  (Interessen  Gemeinschaft). 
Speaking  of  this  great  German  chemical  monopoly  he  says: 
"The  existence  of  this  great  monopoly  raises  vital  military  and 
economic  questions,  which  are,  indeed,  the  Riddle  of  the  Rhine." 
Then  follow  The  German  vSurprise,  the  story  of  the  first  cloud 
gas  attack;  The  Allied  Reaction;  Intensive  Chemical  Warfare; 
Chemical  Warfare  Organization;  The  Struggle  for  the  Initiative; 
American  Developments;  Germany's  Chemical  Policy;  Lines  of 
Future  Development;  Humane  or  Inhumane;  Chemical  War- 
fare and  Disarmament;  and  The  Treaty  of  the  Future.  The 
story  is  well  told  and  the  conclusions  drawn  are  in  the  main 
sound.  Geo.  A.  Rankin 

Production  and  Measurement  of  High  Vacuum.     By  S.  Dush- 

M.^N.     239  pp.     21   X  14  cm.     Published  by  General  Electric 
Revieii;  Schenectady,  N.  Y.,  1922.     Price,  $2.75. 

The  recent  rapid  development  of  such  valuable  devices  as  the 
Coolidge  X-ray  tube,  or  the  so-called  vacuum  tube,  is  a  direct 
outcome  of  work  in  the  field  of  very  low  pressures,  and  conse- 
quently this  subject  has  within  a  few  years  become  decidedly 
important,  both  scientifically  and  technically.  The  present  vol- 
ume, which  is  an  expansion  and  revision  of  a  series  of  articles  pub- 
lished in  1920-21  in  the  General  Electric  Review,  brings  together 
information  which  heretofore  had  been  scattered,  and  is  provided 
with  many  diagrams  and  tables  and  with  copious  references  to 
the  original  literature.  Its  scope  is  indicated  by  the  chapter 
headings:  Kinetic  Theory  of  Gases;  High  Vacuum  Pumps; 
Manometers  for  Low  Gas  Pressures;  Sorption  of  Gases  at  Low 
Pressures;  Chemical  and  Electrochemical  Clean-Up  of  Gases  at 
Low  Pressures;  Theory  of  .'\dsorption  at  Low  Pressures.  It  deals 
entirely  with  pressures  less  than  a  millimeter  of  mercury,  and 
particularly  with  the  range  from  0.001  miUimeter  downwards, 
but  is  not  concerned  with  the  types  of  vacuum  pumps  commonly 
used  in  engineering  practice.  This  book  can  be  heartily  recom- 
mended to  the  increasing  number  who  are  interested  in  high  vac- 
uum technic,  and  should  be  in  every  laboratory  in  which  work 
involving  low  pressures  is  being  carried  on. 

John  Johnston 


Metals  and  Their  Alloys.  By  Chas.  VickErs.  Large  octavo. 
(i'/i  X  9'/*.  xix  -|-  767  pp.  108  illustrations.  Henry  Carey 
Baird  &  Co.,  Inc.,  New  York,  1923.     Price,  $7..50  postpaid. 

This  book  started  as  a  revision  of  "Metallic  Alloys,"  an  Eng- 
lish book  by  Brannt  which  is  now  out  of  date,  but  the  alteration 
has  been  so  great  that  the  result  is  a  work  of  a  different  and 
broader  character  and  properly  bears  Vickers'  name  as  author 
rather  than  as  a  mere  reviser. 

The  subject  matter  has  three  sources — Brannt,  current 
literature,  and  the  experience  of  Vickers  himself.  The  material 
from  Brannt  is  of  interest  more  from  the  historical  than  the  jjrac- 
tical  viewpoint — e.  g.,  the  casting  of  cannon  from  gun  metal. 
That  from  the  literature  is  fairly  adequate,  although  the  re- 
viewer believes  it  would  have  had  a  greater  value  had  more  refer- 
ences been  given.  The  book  makes  no  pretense  of  being  pri- 
marily a  scientific  treatise,  the  practical  point  of  view  predom- 
inates, yet,  it  will  be  of  even  more  value  to  chemists  and  metal- 
lurgists than  to  foundry  foremen,  but  such  technical  workers 
looking  for  scientific  data  are  hardly  given  all  that  they  might 
expect  in  a  work  of  this  nature.  However,  at  less  than  a  cent  a 
page  all  classes  of  readers  should  get  their  money's  worth. 

The  material  that  comes  from  Vickers'  own  experience  is 
worth  more  than  a  cent  a  page.  The  discussion  of  aluminium 
bronze,  manganese  bronze,  phosphor  bronze,  red  brass,  and  other 
casting  alloys,  not  only  with  regard  to  the  composition  of  the 
alloys,  their  corresponding  physical  properties,  and  their  uses, 
but  also  with  regard  to  melting,  deoxidation,  casting  and  gating, 
and  methods  of  making  test  bars,  covers  the  field  very  well  in- 
deed. 

The  discussion  of  aluminium  alloys,  wrought  brass,  and  iron 
and  steel  is  hardly  so  authoritative  or  so  complete.  No  chapter 
on  iron  and  steel  could  be  complete  enough  to  be  of  much  value 
without  taking  too  much  space  in  a  work  of  this  kind.  The 
author  has  evidently  feared  to  introduce  equilibrium  diagrams 
lest  he  frighten  off  some  of  the  practical  readers  for  whom  he  is 
writing — though  one  such  diagram,  Cu-Ni,  slipped  in.  Yet, 
terms  are  constantly  used  which  are  comprehended  with  diffi- 
culty unless  equilibrium  relations  are  understood,  and  the  book 
loses  the  systematic  presentation  that  equilibrium  diagrams  might 
have  given.  Still,  the  author  does  not  hesitate  to  introduce 
theory  when  the  theory  appeals  to  him  and  approvingly  mentions 
Beilby's  amorphous  cement  hypothesis.  He  quotes  an  experi- 
ment on  crushing  strength  of  polished  steel  balls  compared  with 
that  of  rough-ground  or  etched  balls,  to  show  that  the  grelter 
strength  of  the  polished  balls  was  due  to  the  layer  of  amorphous 
cement  formed  on  the  surface  in  polishing.  Most  engineers 
would  ascribe  the  failure  of  the  rough  balls  to  the  local  concen- 
tration of  stress  on  a  rough  or  scratched  surface,  and  the  proof 
is  of  very  doubtful  validity. 

A  good  deal  of  space  is  used  in  discussing  the  history,  methods 
of  production,  and  properties  of  all  the  metals  in  the  periodic 
table,  much  of  which  will  be  used  but  rarely  by  the  reader. 
This  section  contains  valuable  analyses  of  metals  from  differ- 
ent commercial  sources  and  specifications  for  purity.  Besides 
the  subjects  already  mentioned,  and  some  general- chapters,  the 
following  are  specifically  treated:  alloys  of  nickel,  tin,  lead, 
mercury,  precious  metals,  magnesium,  bearing  metals,  solders 
and  die  castings.  A  useful  chapter  on  scrap  metals  is  given, 
as  well  as  one  on  metal  coloring.  The  A.  S.  T.  M.  methods  of 
chemical  analysis  for  Babbitt  metals  are  included. 

The   book   moves   along   rather  jerkily   in   the   second-hand 
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parts,  but  when  it  strikes  veins  of  the  author's  own  experience 
it  goes  smoothly.  It  gives  a  vast  amount  of  information  and  is 
quite  up  to  date.  No  other  work  covers  anyivhere  near  the 
same  ground  recent  enough  to  compete  with  it,  and  it  will  be 
an  indispensable  reference  work  for  those  wishing  to  know  the 
composition,  properties,  and  uses  of  nonferrous  alloys.  It 
contains  a  large  proportion  of  the  known  facts  on  nonferrous 
alloys,  but  the  most  valuable  part  of  the  book  is  what  Vickers 
gives  from  his  own  experience. 

The  reviewer  has  noted  a  few  errors  of  fact,  but  on  the  whole, 
the  book  seems  singularly  free  from  such  errors.  More  facts 
might  be  given  on  many  subjects  had  space  permitted.  To 
produce  so  comprehensive  and  so  correct  a  book  is  no  small  task. 

H.  W.  GlLLETT 

The  Flow  of  Gases  in  Furnaces.  By  W.  E.  GROtwE-GRjiMAiLo, 
translated  from  the  French  translation  of  the  original  Russian 
by  A.  D.  Williams,  with  extensive  appendices  by  the  trans- 
lator and  others.  399  pp.  John  Wiley  &  Sons,  Inc.,  New 
York,  1923.     Price,  $5.50. 

This  book  is  built  up  about  a  helpful  analogy  which  regards 
the  flow  of  hot  gases  in  furnaces  as  resembling  inverted  streams 
of  fluid,  flowing  along  the  tops  of  furnaces  and  flues,  over  in- 
verted weirs,  and  exerting  quite  appreciable  pressures  as  their 
height  increases.  The  author  illustrates  many  of  the  points 
by  pictures  of  kerosene  flowing  through  a  furnace  model  origi- 
nally filled  with  water.  While  the  point  of  view  is  distinctly 
stimulating  and  helpful  in  many  cases,  the  tendency  in  the 
book  has  been  to  carry  the  analogy  too  far,  and  overlook  the 
convection  and  eddy  currents  which  tend  to  make  the  hot  gas 
streams  mix  with  the  cooler  gases,  especially  at  the  higher 
velocities  used  in  boiler  settings. 

The  development  of  the  analogy,  the  presentation  and  use 
of  the  formulas,  for  the  flow  of  hot  gases  over  inverted  weirs, 
and  the  application  of  these  principles  to  the  design  of  reverber- 
atory  furnaces  and  kilns  of  various  types,  are  the  most  valuable 
portions  of  the  book.  Helpful  discussion  and  data  on  regen- 
erators, hot-blast  stoves  and  open-hearth  furnaces  are  also  pre- 
sented in  the  book  and  appendices.  On  the  other  hand,  the 
methods  given  for  calculating  combustion  spaces  and  resistance 
through  fuel  beds  are  not  sound,  and  the  discussion  of  boiler 
settings  and  waste  gas  boilers  is  seriously  marred  by  a  complete 
lack  of  appreciation  of  the  importance  of  high  gas  velocities 
in  aiding  the  transfer  of  heat.  The  author  and  translator  appear 
to  consider  the  ideal  boiler  setting  to  consist  of  a  large  chamber 
filled  with  hot  but  very  slowly  moving  gas,  and  they  severely 
criticize  the  complicated  baffle  arrangements  which  have  been 
found  desirable  in  modem  water-tube  boilers. 

The  book  as  a  whole  gives  the  impression  of  a  good  treatise 
excessively  expanded.  There  is  much  unnecessary  repetition 
bqfween  the  18  pages  of  preface,  etc.,  the  150  pages  in  the  main 
portion,  and  the  250  pages  of  appendices.  Many  of  the  tables  and 
data  in  the  appendix  are  readily  available  elsewhere,  and  have  a 
degree  of  detail  and  number  of  decimal  points  quite  unwarranted 
by  the  kind  of  calculations  involved.  Some  of  the  sections  in 
the  appendix  appear  to  go  into  unnecessary  detail,  especially 
in  view  of  their  almost  total  neglect  of  important  items  such  as 
heat  transfer. 

As  indicated  above,  however,  the  fundamental  hydraulic 
concept  and  its  clear  exposition  by  the  author  are  distinctly 
helpful  in  many  connections,  and  should  be  read  by  anyone  con- 
cerned in  the  design  of  metallurgical  furnaces  and  similar  prob- 
lems. Its  value  in  designing  boiler  and  still  settings  is  much 
less  apparent. 

The  double  translation  does  not  appear  to  have  interfered 
with  the  smoothness  and  clarity  of  the  discussion,  though  the 
continual  use  of  "calorific  intensity"  in  place  of  "temperature" 
should  be  criticized. 

Robert  E.  Wilson 


Patents — Law  and  Practice.  2nd  edition,  1922.  56  pp.  Trade- 
Marks — Trade  Names,  Unfair  Competition.  3rd  edition, 
1922.  46  pp.  Published  by  Richards  &  Geier,  Patent  At- 
torneys, New  York.   (Gratis.) 

The  average  American  chemist  knows  but  little  patent  law. 
It  is  natural  that  few  chemists  should  be  enough  interested  in 
man-made  laws  to  wander  through  elaborate  treatises  on  the 
subject.  Every  inventor  has,  however,  a  mild  curiosity  to  find 
out  the  rudiments  of  this  necessary  evil,  the  same  sort  of  curiosity 
as  he  shows  towards  the  income  tax  laws. 

Richards  &  Geier,  patent  attorneys,  should  not  only  be  com- 
plimented but  thanked  for  their  recent  booklets  on  patents  and 
trade-marks. 

The  booklet  on  patents  gives  a  clear  and  concise  description 
of  the  process  of  patenting  in  this  country  and  some  of  the  out- 
standing features  of  the  process  in  foreign  countries.  They 
have  been  "indiscreet"  and  tabulated  the  various  charges — 
working,  taxes,  assignments,  translations,  etc.  They  have  not 
been  indiscreet  enough;  the  reviewer  would  have  them  give  a 
table  of  "total  costs"  for  a  patent  in  the  various  countries. 
Our  own  patent  office  would  gain  by  this  exposition. 

There  is  a  deep  mystery  surrounding  trade-marks,  which  lay- 
men rarely  realize.  If  Richards  &  Geier's  little  book  on  this 
subject  can  explain  to  the  reader's  satisfaction  just  what  is  a 
trade-mark  and  what  is  not,  it  will  have  served  a  worthwhile 
purpose.  D.  b.  Kbyes 

Chemical  Technology  and  Analysis  of  Oils,  Fats,  and  Waxes. 
By  J.  Lewkowitsch.  6th  edition,  revised  by  George  H. 
Warburton.  Volume  III.  Macmillan  &  Co.,  Ltd.,  St. 
Martins  St.,  London,  1923. 

This  edition  of  Volume  III  follows  the  well-known  fifth  edition 
so  closely  that  it  is  uimecessary  to  give  a  detailed  description  of 
its  contents.  The  present  volume  contains  25  pages  more  than 
that  of  the  previous  edition.  Some  of  the  additional  pages  were 
required  to  bring  the  tabulations  of  statistical  data  of  the  former 
edition  to  1920  or  1921.  A  number  of  other  tables  as  well  as  some 
descriptive  matter  have  been  added  in  order  to  bring  certain 
subjects  to  date.  Also  new  references  both  to  the  chemical  and 
to  the  patent  literature  will  be  found  in  addition  to  those  pre- 
viously given.  The  appendix  contains  valuable  information  and 
references  to  investigations  which  were  published  after  Volumes 
I  and  II  had  gone  to  press.  It  should  be  observed  that  the  index 
given  in  this  volume  lists,  under  the  appropriate  headings,  the 
contents  of  the  appendix. 

Considerable  space  in  a  number  of  the  sections  is  still  utilized, 
as  in  the  former  edition,  by  descriptions  of  various  obsolete  or 
impractical  methods  of  manufacture  which  coulef  have  been  re- 
placed to  advantage  by  a  description  of  some  of  the  newer  proc- 
esses and  equipment  employed  in  connection  with  the  solvent 
extraction,  the  refining,  and  the  deodorization  of  vegetable  oils 
for  edible  purposes.  Furthermore,  there  are  quite  a  number  of 
statements  taken  from  previous  editions  which  do  not  apply  to  the 
present  commercial  practice,  such  as,  for  example,  the  separation 
and  removal  of  water  (condensed  steam)  after  the  deodorization 
of  an  oil.  Another  statement  is  that  corn  (maize)  oil  is  only 
used  in  the  margarines  of  lower  quality  on  account  of  its  grainy 
flavor,  which  is  difficult  to  remove.  The  modern  deodorizer 
gives  corn  oil  entirely  free  from  grainy  taste.  In  connection  with 
the  discussion  of  vegetable  margarines,  it  was  observed  that  no 
reference  was  made  to  the  use  of  peanut  oil  along  with  coconut 
or  palm  kernel  oils  in  the  manufacture  of  the  so-called  nut  mar- 
garines, which  is  rapidly  assuming  large  proportions. 

In  view  of  the  great  amount  of  information  contained  in  the 
three  volumes  of  this  comprehensive  work,  it  well  deserves  a  place 
both  in  the  technical  reference  library  and  in  the  working  library. 

George  Jamieson 
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Synthetic  Resins  and  Their  Plastics.  By  Carleton  Ellis. 
514  pp.  The  Chemical  Catalog  Co.,  Inc.,  New  York,  1923. 
Price,  $6.00. 

Any  one  interested  in  the  manufacture  or  application  of  syn- 
thetic resins  should  find  this  volume  of  very  great  value.  The 
book  is  a  comprehensive  presentation  of  the  subject,  well  written 
and  well  illustrated.  Many  of  the  chapters  have  been  reviewed 
and  revised  by  well-known  authorities,  and  in  general  the  subject 
has  been  brought  up  to  date. 

Molding  resins  of  the  Bakelite  type  have  received  the  most  at- 
tention, although  coumarone,  ketone,  furfural,  sulfur,  nitro- 
resins,  and  other  types,  as  well  as  chlorinated  rubber,  are  con- 
sidered. Three  chapters  are  devoted  to  rosin  esters  and  modified 
natural  resins  and  their  application  in  the  varnish  industry. 

The  last  third  of  the  book  deals  with  the  technic  of  plastic 
molding.  Various  types  of  molds,  presses,  and  other  apparatus, 
together  with  descriptions  of  their  operation,  are  given  in  detail, 
with  many  illustrations  and  diagrams.  A  detailed  description 
of  the  hot  and  cold  processes  is  given  and  the  advantages  and  dis- 
advantages of  each  are  discussed. 

The  last  chapter  deals  with  the  tests  which  are  applied  to 
molded  products. 

A  complete  author's  and  subject  index  is  included,  and  copious 
references  to  the  literature  are  given  throughout  the  book. 

F.  B.  LaForge 


The  Destructive  Distillation  of  Wood.  By  H.  M.  Bunbury. 
320  pp.  107  illustrations.  115  tables.  Benn  Brothers,  Ltd., 
London,  1923.  Price,  35s.  net.  D.  Van  Nostrand  Co.,  New 
York.     Price,  $8.50. 

It  is  rather  surprising  that,  in  view  of  the  importance  of  the 
industry  of  destructive  distillation  of  woods,  no  comprehensive 
treatment  on  the  subject  has  previously  been  compiled.  While 
the  field  of  coal  distillation  has  been  thoroughly  covered  by 
several  treatises,  Bunbury's  work  is  the  first  of  its  kind  for  wood- 

The  book  opens  with  a  brief  discussion  of  the  physical  and 
chemical  properties  of  wood,  and  while  the  majority  of  the  readers 
of  the  work  may  not  be  interested  in  a  constitution  for  either 
cellulose  or  lignin,  it  seems  to  the  reviewer  that  such  discussion 
is  highly  desirable  in  a  work  of  this  kind.  Then  follow  chapters 
on  the  thermal  decomposition  reactions  and  the  factors  which 
influence  these  reactions.  The  remainder  of  the  work  is  de- 
voted to  the  discussion  of  the  commercial  processes,  apparatus, 
and  operations.  The  production  of  charcoal,  calcium  acetate, 
wood  alcohol,  wood  turpentine,  pine  oils,  wood  tar,  wood  pitch, 
etc.,  is  discussed  in  detail.  Numerous  illustrations  of  the  appa- 
ratus used  in  these  processes  are  given,  and  the  yields  and  proper- 
ties (such  as  solubility,  etc.)  of  the  distillation  products  are  given 
in  tabular  form.  In  view  of  the  present  interest  in  waste  utiliza- 
tion, the  chapter  on  the  destructive  distillation  of  small  wood  and 
wood  waste  is  especially  timely.  This  chapter  is  also  indicative 
of  the  "up-to-dateness"  of  the  work,  including  as  it  does  a  dis- 
cussion of  Stafford's  recently  patented  process,  which  utihzes 
the  heat  liberated  by  the  exothermic  reactions  involved  in  the 
thermal  decomposition  of  wood  to  initiate  the  decomposition  of 
a  fresh  charge,  and  that  of  the  production  of  gas  (illuminating 
and  power),  which  assumed  special  importance  during  tlie  Euro- 
pean war. 

This  work  is  a  very  important  contribution  to  the  subject  of 
destructive  distillation  in  general  and  to  that  of  wood  distillation 
in  particular.  It  should  prove  of  great  interest  to  aU  those  en- 
gaged in  the  industry,  and  to  chemists  and  technologists  other 
than  those  engaged  directly  in  the  industry.  The  book  is  well 
printed   and   contains   a   minimum   of   typographical   errors. 

Clarence  J.  West 
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Blanchiment,  Teinture,  Impression,  Apprets.  By  P.  Lederlin. 
539  pp.  Bailliere  et  Fils,  Paris,  1923.  Price,  paper  45  fr.; 
bound  55  fr. 

This  well-printed  volume  is  devoted  to  the  bleaching,  dyeing, 
printing,  and  finishing  of  cotton,  other  fibers  being  mentioned 
under  printing  only.  The  first  89  pages  are  devoted  to  the  chemi- 
cal and  physical  properties  of  cotton  and  to  bleaching,  279  pages 
are  allotted  to  dyeing,  printing  is  described  in  the  next  146  pages, 
while  in  25  pages  the  author  covers  the  entire  subject  of  finishing. 
A  goodly  number  of  excellent  illustrations  roimd  out  the  text. 

Apparently  little  use  is  made  in  France  of  the  vat  dyes,  either 
in  dyeing  or  printing,  if  one  is  to  judge  from  the  space  devoted  to 
them.  While  some  attention  is  given  to  skein  dyeing,  the  author 
rightly  states  that  the  work  of  dyeing  tends  to  be  accomplished 
more  and  more  by  machines  and  less  by  manual  labor.  Yet 
when  we  read  that  certain  mechanical  driers  are  interesting  be- 
cause they  permit  of  drying  100  to  200  kgs.  per  hr.  at  60  to  70°  C, 
and  compare  this  with  a  production  of  1000  lbs.  or  more  per  hour 
from  American  driers,  we  must  conclude  that  the  author  has 
something  to  realize  as  to  production. 

Under  recovery  of  sodium  hydro.xide  from  waste,  dilute  mer- 
cerizing liquors,  no  mention  is  made  of  using  them  in  conjunction 
with  liquid  chlorine  to  make  sodium  hypochlorite,  a  process 
which  does  away  with  any  need  of  evaporation. 

Nearly  three  pages  which  are  devoted  to  a  table  showing  the 
commercial  names  for  dyes  adopted  by  various  dye  makers 
might  have  been  more  usefully  employed,  for  example,  in  giving 
more  about  finishing. 

The  chapter  on  the  practical  processes  of  dyeing  is  subdivided 
according  to  shades  rather  than  according  to  dye  classes. 

The  chapter  on  the  theory  of  dyeing  and  on  sampling  shades  is 
well  worth  reading.  Many  formulas  for  printing  pastes  are 
given. 

The  book  as  a  whole  is  interesting  as  giving  light  on  present- 
day  practice  in  France  rather  than  as  offering  help  and  inspira- 
tion to  the  American  dyer. 

Miles  R.  Moffatt 

A  Textbook  of  Filtration.  By  C.  L.  Bryden  and  G.  D.  Dickey. 
376  pp.     Chemical  Publishing  Co.,  Easton,  Pa.     Price,  $5.50. 

The  first  chapter  deals  with  the  principles  of  filtration.  The 
compilation  is  rather  confusing  and  perhaps  should  have  been 
reviewed  prior  to  publication  by  some  one  competent  to  pass 
upon  this  difficult  subject.  A  few  errors  and  contradictions 
occur.  A  number  of  photomicrographs  of  precipitates  are  shown 
which  are  quite  interesting.  No  mention  is  made  of  adsorption, 
imdoubtedly  an  important  factor  in  filtration. 

Chapter  2,  History  of  Filtration,  is  reaUy  a  history  of  filters 
and  is  quite  good.  The  authors  include  some  apparatus  which 
are  not  filters. 

Chapters  3  to  13,  according  to  the  introduction,  deal  with 
various  types  of  filters.  As  a  matter  of  fact,  30  to  40  per  cent 
of  the  apparatus  described  are  not  filters  at  all.  For  example, 
hydraulic  presses,  oil  extractors,  expellers,  and  oil  separators 
are  considered.  Ciu-iously,  even  light,  color,  and  radio  "filters" 
are  included.  The  descriptions  are  perhaps  a  little  better  than 
can  be  found  in  trade  catalogs.  The  leaf  and  rotary  filters  are 
handled  best,  although  the  reader  is  apt  to  form  an  exaggerated 
idea  of  their  real  importance  in  the  industrial  field.  Plate  and 
frame  filters  are  poorly  handled,  which  is  unfortunate  in  view 
of  the  dominating  position  which  this  class  of  filter  holds  in  the 
world  to-day.  The  statement  that  it  is  difficult  to  wash  effi- 
ciently in  filter  presses  is  not  correct.  No  mention  is  made  of 
the  Plauson  or  of  the  Haubold  filters. 

Chapter  13  deals  with  coagulants  and  filter  aids,  and  is  well 
handled,  although  certain  debatable  statements  are  made. 

Chapter  14,  Filter  Media,  meaning  filter  bases,  is  treated 
very  well  with  the  exception  of  the  matter  dealing  with  the  effect 
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of  filter  supports.  The  conclusion  that  the  permeability  of 
cloths  is  greatly  influenced  by  the  character  of  ordinary  support- 
ing surfaces  is  evidently  erroneous,  as  can  be  demonstrated  by 
simple  tests.  The  effect  of  adsorption  is  not  considered.  No 
mention  is  made  of  filter  paper. 

Chapter  15  deals  with  operating  data.  Very  little  information 
not  generally  known  is  given,  while  specific  data  refer  to  tests 
on  a  few  substances  not  of  general  interest.  A  curve  in  Fig. 
231  compares  washing  in  theory,  in  open-tank  filter,  and  in 
plate  and  frame  filter,  but  neglects  to  state  whether  simple  or 
thorough  washing  was  used  in  the  latter;  hence,  the  comparison 
is  meaningless. 

Chapter  16,  Auxiliary  Equipment,  covers  most  filter  equip- 
ment under  the  head  but  omits  the  pressure  diaphrara  pump 
and  the  montejus. 

An  appendix  which  follows  contains  information  which  can 
be  found  elsewhere. 

In  general,  while  this  book  is  undoubtedly  the  best  work  on 
the  subject  to-day,  it  is  lacking  in  specific  information.  Cost 
data  and  rates  of  flow  for  various  well-known  substances  are 
absent.  It  is  doubtful  if  a  person  with  a  filtration  problem  to 
solve  would  get  much  satisfaction  from  this  book  alone.  Should 
you  wish,  for  example,  to  find  a  suitable  filter  for  linseed  oil. 
you  would  look  in  vain  in  this  book  for  the  proper  type,  the  area 
required,  the  filter  base  to  use,  the  cost,  kind  of  pump,  pressure, 
etc. 

The  text  refers  in  a  number  of  places  to  letters  which  do  not 
exist  on  cuts,  as  on  page  208. 

D.  R.  Sperrv 


Wave  Length  Tables  for  Spectrtmi  Analysis.  By  F.  Twyman, 
116  pp.  Demy  SOU.  Adam  Hilger,  London,  England. 
1923.     Price,  7s.  6d. 

This  work  is  from  a  series  of  seven  publications  of  the  Hilger 
Company,  one  of  these  being  the  excellent  booklet  by  Silberstein 
on  the  "Quantum  Theory."     In  the  preface  the  author  states: 

For  the  purposes  of  spectrum  analysis  two  kinds  of  tables  are 
required.  The  one  should  give,  with  an  accuracy  beyond  ques- 
tion, the  wave  lengths  of  radiations  easily  reproducible  in  the 
laboratory;  the  other  should  give  the  wave  lengths  of  distinctive 
lines  of  the  elements,  for  the  purpose  of  identification. 

The  chief  wave  lengths  from  2375  to  849oA  are  tabulated  for 
more  than  forty  elements,  usually  to  the  nearest  0.1  Angstrom, 
this  being  the  precision  which  the  author  considers  satisfactory. 
Dr.  Meggers,  however,  has  found  that  even  for  satisfactory  iden- 
tification purposes,  the  wave  lengths  should  be  known  to  0.1  A. 
Many  of  the  tables  are  collected  from  the  pioneer  works  of  early 
investigators  before  the  precision  methods  of  modern  spectroscopy 
were  known — for  example,  from  the  work  of  Hartley  dating  from 
1884.  Thus,  while  the  wave  lengths  of  the  first  pair  of  the  prin- 
cipal series  of  copper  are  known  to  be  3247.550  and  3373.967, 
they  are  here  listed  as  3246.9  and  3273.2,  respectively.  In  fact, 
it  is  doubtful  if  in  many  of  the  tables  the  lines  tabulated  may  be 
relied  upon  to  better  than  several  tenth  Angstroms,  surely  a 
severe  criticism  of  the  work  in  view  of  the  vast  quantity  of  pre- 
cision data  now  readily  accessible.  In  spite  of  these  inaccuracies 
the  book  possesses  much  of  merit.  The  tables  give  the  prominent 
wave  lengths  for  various  degrees  of  concentration  of  the  element 
down  to  the  point  where  only  the  rates  tiltimes,  or  persistent  lines, 
appear.  The  persistent  lines  of  PoUok  and  Leonard  are  arranged 
in  order  of  wave  length  paralleled  by  the  elements  they  charac- 
terize. A  complete  list  of  rates  ultimes,  as  found  by  de  Gramont, 
are  compiled  in  two  ways,  according  to  the  element,  and  accord- 
ing to  wave  length.  Six  pages  are  transcribed  from  a  paper 
Ijy  Plaskett  on  wave  lengths  for  use  in  determinations  of  stellar 
radial  velocities.  These  are  given  to  0.001  A.,  as  are  also  the 
secondary  and  tertiary  standards  adopted  and  recommended 


for  adoption  by  the  International  Solar  Union.  The  latter  in- 
clude eight  pages  of  tables  for  iron,  neon,  and  helium.  Data 
are  given  for  the  reduction  of  the  Rowland  to  the  international 
scale  and  for  the  correction  from  air  at  15°  C,  760  mm.,  to  vac- 
uum. A  good  bibliography  is  appended  to  the  book  and  the  refer- 
ences to  the  (older)  literature  are  quite  extensive.  Practically 
the  entire  work  consists  of  clippings  or  quotations,  all  original 
comments  being  in  italics.  These  are  arranged  in  a  logical  order 
and  form  interesting  reading  matter.  The  book  will  be  especially 
useful  in  the  collegiate  undergraduate  laboratory,  and  for  an- 
alytical work  as  a  treatise   supplementary  to  the  more  precise, 

but  less  convenient,  existing  tables. 

Paul  D.  Foote 

A  Comprehensive  Treatise  on  Inorganic  and  Theoretical  Chem- 
istry. Vol.  Ill — Copper,  Silver,  Gold,  Strontium,  Barium. 
By  J.  W.  Mellor,  D.Sc.  927  pp.  Longmans,  Green  &  Co., 
London,    1923.     Price,  $20.00  per  volume. 

Before  reviewing  in  any  detail  the  third  volume  of  this  im- 
portant work,  it  may  be  well  to  comment  briefly  on  the  reception 
which  has  been  accorded  the  first  two  volumes,  as  they  have  been 
widely  reviewed,  not  only  in  the  scientific  and  technical  journals, 
but  also  to  some  extent  in  the  popular  press. 

The  first  impression,  which  appears  to  be  almost  universal,  is 
one  of  amazement  and  admiration  that  any  one  individual  should 
undertake  and  be  able  to  carry  on  such  a  tremendous  task  as  the 
compilation  of  this  treatise  (it  is  to  occupy  six  or  seven  volumes). 
The  reviewer  is  glad  to  add  his  tribute  to  the  courage,  industry, 
and  wide  knowledge  which  the  author  has  displayed. 

Concerning  the  content  of  the  work,  opinions  have  differed 
somewhat  according  to  the  viewpoint  which  has  been  taken. 

The  work  follows  very  closely  the  arrangement  of  the  earlier 
textbook,  "An  Introduction  to  Modern  Inorganic  and  Theoretical 
Chemistry."  This  involves  the  frequent  insertion  of  very  general 
theory  into  chapters  dealing  with  specific  substances,  which  in 
the  opinion  of  the  reviewer  constitutes  a  handicap  to  the  use  of 
the  book  for  pure  reference  purposes;  on  the  other  hand,  it  makes 
the  volumes  more  readable  and  interesting  to  the  student  who 
may  turn  to  them  for  general  reading.  It  seems  hardly  necessary 
to  comment  further  on  Volumes  I  and  II,  as  reviews  of  these  are 
readily   available.' 

Volume  III  contains  a  much  smaller  proportion  of  theoretical 
discussion  than  Volume  I,  and  somewhat  less  than  Volume  II. 
although  in  the  chapter  on  gold,  colloids  are  discussed.  The 
chemistry  and  properties  of  copper,  silver,  and  gold  are  treated 
separately  and  in  characteristic  detail;  the  alkaline  earths  are 
treated  simultaneously  with  comparison  and  contrast. 

As  in  the  former  volumes,  the  historical  method  of  treatment  is 
followed  and  an  enormous  number  of  facts  are  presented.  The 
inclusion  of  a  large  number  of  the  qualitative  or  semiqualitative 
statements  of  the  older  writers  adds  to  the  completeness  of  the 
references,  but  results  frequently  in  contradictory  statements 
which  may  lead  to  some  confusion  when  the  book  is  used  for  refer- 
ence. The  reviewer  is  doubtful  of  the  value  of  such  typical  state- 
ments as  (p.  875) :  "J.  A.  Volcker  found  that  a  liter  of  cold  water 
dissolves  31  mgrm.  of  calcined,  and  79  mgrm.  of  precipitated 
calcium  phosphate  in  seven  days;"  when  followed  by  a  detailed 
statement  of  the  exact  work  of  Cameron  and  others  on  this  some- 
what complicated  question. 

Errors  and  misprints  seem  to  be  rare ;  references  to  the  literature 
are  extremely  full,  though  their  location  at  the  end  of  each  section 
makes  them  not  altogether  easj'  to  use.  Perhaps  a  complete 
author  index  is  to  appear  in  a  later  volume. 

The  work  is  unquestionably  the  most  complete  source  of  in- 
formation existing  in  English,  and  the  remaining  volumes  will 
be  awaited  with  great  interest.  Graham  Edgar 

'J.  Am.    Chem.    Soc,    U    (1922),    1S36.    2661;    J.    Phys.    Chem.,    26, 
(1922).  591. 
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Peanut  oil  from  France  has  practically  displaced  cottonseed 
oil  and  corn  oil  from  the  United  States  in  the  Guadeloupe  market. 
American  oils  are  considered  superior  to  the  French  oil  in  body 
and  flavor,  but  this  superiority  is  not  regarded  as  sufficient  to 
overcome  the  handicap  of  higher  price.     (P.  351) 

Experiments  conducted  in  the  Philippines  have  shown  that 
alcohol  as  fuel  for  trucks  is  successful,  but  such  is  not  the  case 
with  passenger  cars.  Besides  the  offensive  odor,  the  carburet- 
ors do  not  supply  enough  air,  and  the  economy  is  not  sufficient 
to  warrant  passenger-car  users  in  changing  their  carburetors. 
(P.  3,56) 

Germany,  in  1922,  produced  6,000,000  kilos  of  artificial  silk. 
The  average  monthly  production  at  the  beginning  of  the  year 
was  350,000  kilos,  but  by  the  end  of  the  year  it  had  reached 
600,000  kilos.     (P.  365) 

The  Chilean  sulfur  industry  is  reviewed,  including  a  descrip- 
tion of  the  principal  mines,  the  growth  of  production,  and  a 
prediction  as  to  the  future  of  the  industry.     (Pp.  370-1 ) 

The  output  of  Italy's  superphosphate  plants  for  1922  is  esti- 
mated at  900,000  tons,  against  678.000  tons  in  1921,  and  665,000 
tons  in  1920.  Her  present  potential  capacity,  however,  is  esti- 
mated at  from  1,300,000  to  1,400,000  tons  a  year.  The  manu- 
facture of  sulfate  of  ammonia  from  synthetic  ammonia  by  the 
methods  of  the  Italian  chemists  Casale  and  Fauser  is  now  being 
undertaken.     (P.  371) 

Japan  has  restricted  the  output  of  artificial  fertilizers  for  the 
remainder  of  1923  by  35  per  cent  of  capacity  production.  (P. 
372) 

Since  December,  1922,  great  activity  has  been  reported  in  the 
Aden  gum  market,  particularly  gum  frankincense.     (P.  372) 

Apricot  gum  can  be  used  as  a  substitute  for  gum  arable  in  all 
the  cruder  processes  in  which  the  latter  substance  is  employed. 
(P.  372) 

The  export  duty  on  crude  mineral  oil  has  been  increased  from 
50  to  150  Polish  marks  per  net  kilo,  by  a  joint  order  of  the  Polish 
Ministers  of  Finance.     (P.  396) 

The  outstanding  facts  brought  out  in  the  review  of  the  world 
trade  in  the  essential  oils  of  citrus  fruits  are  that  Italy  takes 
first  place  in  world  production;  essential  oil  production  is  an 
important  industry  of  Mediterranean  countries  and  British 
West  Indies;  and  the  United  States  imports  of  citrus  oils  show 
an  increase  since  the  war.     (Pp.  417-9) 

A  maximum  of  36.020  long  tons  of  Ceylon-produced  rubber 
may  be  exported  from  the  island  during  the  year  ending  October 
31,  1923.  The  amount  is  well  below  shipments  for  the  past  four 
calendar  years.      (P.  428) 

The  standard  production  of  rubber  in  the  Federated  Malay 
States  has  been  assessed  at  approximately  1,50,000  tons.  For 
the  whole  of  British  Malaya  statistics  show  a  standard  produc- 
tion of  267,000  tons,  of  which  160,200  may  be  exported.  (Pp. 
428-9) 

The  total  production  of  iron  ore  in  France  in  1922  was  20,- 
831,993  metric  tons,  which  is  a  considerable  increase  over  pro- 
duction for  1921.     (P.  442) 

A  large  deposit  of  kaolin,  said  to  contain  at  least  200,000  tons 
and  extending  deep  into  the  earth,  is  said  to  have  been  discovered 
in  eastern  Finland.     (Pp.  442-3) 

A  recent  Argentine  petroleum  decree  provides  for  more  strin- 
gent regulation  of  the  operation  of  petroleum  concessions  in 
that  Province.     (P.  444) 

The  government  of  Madras  has  appointed  a  committee  of 
ten  men,  composed  of  government  officials  and  civilian  experts, 
to  examine  the  steps  which  are  desirable  to  further  the  develop- 
ment of  the  leather  industry  in  the  Presidency  of  Madras,  with 
special  reference  to  the  present  constitution  and  aims  of  the 
Leather  Trades  Institute.     (P.  447) 


The  exportation  from  France  of  sulfate  of  ammonia  is  again 
under  restriction.      (P.  453) 

The  quicksilver  industry  of  Japan  is  reviewed.     (P.  489) 

The  chemical  industry  is  generally  rated  as  occupying  third 
place  among  German  industries  in  total  exports  in  gold  values, 
it  being  onlv  exceeded  by  the  heavy  metals  industry  and  the 
textile  industry.     (Pp.  499-500) 

The  chemical  trade  of  the  Netherlands  in  1922  is  reviewed. 
(Pp.  ,500-1) 

Under  the  restrictive  rubber  scheme  now  effective  in  the 
Federated  Malay  States,  the  standard  production  of  estates  of 
25  acres  or  less  amounts  to  28  per  cent  of  the  total  standard 
production  of  all  estates.      (P.  .505) 

There  is  considerable  optimism  in  Bolivia  over  the  possible 
revival  in  the  rubber  industry.     (P.  505) 

The  prosperity  which  struck  the  British  paper  industry  during 
the  latter  part  of  1922  has  continued  through  the  first  three 
months  of  1923.     (P.  509) 

Top  prices  appear  to  have  been  reached  for  German  pulp 
wood  from  coniferous  timber.     (P.  510) 

It  is  reported  that  a  discovery  in  the  manufacture  of  high- 
grade  paper  now  makes  it  possible  to  eliminate  the  brown  stain, 
which  hitherto  has  confined  the  use  of  New  Zealand  flax  to  the 
making  of  wrapping  paper  and  millboard.     (P.  510) 

Mangrove  sources,  development,  and  trade  are  described. 
Although  not  an  exploiter  of  this  product,  the  United  .States 
consumes  important  quantities  of  the  bark  and  extract,  obtain- 
ing its  supplies  chiefly  from  the  African  and  Asiatic  markets. 
The  tannin  content  of  the  bark  ranges  from  5  to  48  per  cent,  and 
of  the  extract  from  48  to  72  per  cent,  depending  on  the  country 
of  origin.      (Pp.  .5.52-4) 

The  value  of  chemicals  and  allied  products  exported  from  the 
United  States  during  the  first  quarter  of  1923,  according  to 
preliminary  figures,  increased  17  per  cent  o\-er  the  corresponding 
period  of  1922.  These  increases  in  value  ranged  from  19  per 
cent  in  the  case  of  medicinal  and  pharmaceutical  products  to 
130  per  cent  in  the  case  of  wood  and  denatured  products,  and 
also  included  coal-tar  products;  naval  stores;  paints,  pigments, 
and  varnishes;  and  perfumery,  cosmetics,  and  other  toilet  prep- 
arations.    (Pp.  554-6) 

The  Australian  gypsum  industry  is  reviewed.     (P.  563) 

The  first  shipments  of  antimony  ore  for  several  years  from 
San  Luis,  Mexico,  were  made  to  the  United  States  during  April. 
(P.  .563) 

Czechoslovakia  has  announced  that  in  the  future  the  sales 
price  of  tin  manufactured  in  the  State  ovens  will  be  equivalent 
to  the  price  in  the  London  market,  plus  the  Czechoslovak  im- 
port taxes.  The  price  of  antimony  will  be  similarly  fixed.  (P. 
563) 

Chilean  markets  for  petroleum  products  are  described.  Strange 
to  say,  there  is  no  domestic  production  of  crude  petroleum,  and 
all  petroleum  products  consumed  must  be  imported.  (Pp. 
571-2) 

Certain  specified  Portuguese  lands  have  been  declared  free 
for  registering   for  petroleum  research   and  explorations.     (P. 

The  Petroleum  Division  of  the  Bureau  of  Foreign  and  Domestic 
Commerce  has  available  for  consultation  copies  of  the  transla- 
tion of  the  law  relating  to  the  exploitation  of  petroleum  deposits 
in  the  republic  of  Panama,  which  was  approved  on  April  6, 
1923.      (P.  572) 

The  consumption  of  petroleum  products  in  Poland  during 
1922  amounted  to  245,140  metric  tons,  an  increase  of  27,040 
tons  over  1921.     (P.  572) 

There  is  a  demand  for  paraffin  in  the  Vera  Cruz  district  to  be 
used  in  the  manufacture  of  candles.     (P.  572) 


.St.^tistics  of 

Ex  FORI 

rs  TO  THE  United  States 

.\thens— (P.  399) 

Netherlands— (Pp.  .500-1) 

Chrome  ore 

Magnesia 

Magnesite  ore 

Glue 

Magnesite  ore  (calt 

:ined) 

Oelatin 

Olive  oil 

Quinine 

.Saloniki— (P.  399) 

White  zinc 

Opium 

Great  Britain— (P.  509) 

Cyprus— (P.  527) 

Printing  paper 

Umber,  calcined 

Teheran,  Persia— (P.  o27) 

Umber,  raw 

Gum  tragacanth 
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Chemical  Industry:    Annual  Report  of  the  Society  of  Chemical  Industry  on 
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Coal  and  Allied  Subjects,  Being  Bulletins  1  to  10  of  the  Lancashire  and 
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John  Wiley  &  Sons,  Inc.,  New  York. 
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Industrial  Furnaces.     Vol.  I.     W.  Trinks.     319  pp.     Illustrated.     Price, 
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Press,  Oxford,  England. 
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Inc.,  New  York. 
Soap:    La  Fabrication  des  Savons  Industriels,  £mulsions  pour  TEnsimage, 

et  Huiles  Solubles.     R    Ehrsam.     2nd  edition,  revised  and  enlarged. 

305  pp.     Illustrated.     Price  30  fr.  50.     Dunod.  Paris. 
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Ltd.,  London. 
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Tested    Methods    of  Nonferrous  Metallurgical  Analysis.     Seymour  Pile 

and  Reginald  Johnson.     128  pp.     Price,  7s.  6d.  net.     H.  F.  &  G. 

Witherby,  London. 
Underwriters'  Laboratories:    A  Symbol  of  Safety — An  Interpretative  Study 

of  a  Notable  Institution  Organized  for  Service,  not  Profit.     Harry 

Chase  BrearlEY.     Price,  $2.50.     290  pp.     Doubleday    Page-  &  Co  , 

New  York. 
Wood:    L'Usinage  du  Bois,  Puissance  Requise  par  les  Machines  a  Bois, 

Dynamique    Machines    a    Grande    Vitesse.     J.    Petitpas.     236    pp. 

Price.  21  fr  50.     Dunod,  Paris. 
Wood  Distillation.     L.  F    HawlEy.     American  Chemical  Society  Mono- 
graph Series.     Price,  $3.00.     Chemical  Catalog  Co.,  Inc.,  New  York. 
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Alloys:    Observations  on  the  Tin-Antimony-Lead  Alloys.     R.  W.  Irwin. 
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BiANCHl      Giornale  di  Chimica  Induslriale  ed  AppUcala,  Vol.  5  (1923), 

No.  4,  pp.  171-76. 
Bacteriology  of  the  Curing  of  Animal  Skin.     GsoROB  D.  McLaughlin  and 

George  E.   Rockwell.     Journal  of  the  American   Leather   Chemists 

Associ  tion,  Vol.  18  (1923),  No.  6,  pp.  233-53. 


Basic  Slag:   The  Constitution  and  Manurial  Value  of  Low-Grade  Basic  Slag. 

D.  N.  McArthur.     Journal  of  the  Society  of  Chemical  Industry,  Vol.  42 

(1923),  No.  20   pp.  213(-16/. 
Bleaching  Silk.     George  Emmons.     American  Dyestuff  Reporter,  Vol.    12 

(192,3),  No.  11,  pp.  382-84,  409. 
Carbohydrate  Chemistry:    Some  Constitutional  Problems  of  Carbohydrate 

Chemistry.     James    Colquhoun    Irvine.     Journal    of    the    Chemical 

Society  (London)    Vol.  123  (1923),  No.  726,  pp.  898-921. 
Coal  Carbonization  as  Applied  to  Power-Plant  Practice.     V.  Z.  Caracristi. 
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Rex  Furness.      Chemical  Age  (^London),  Vol.  8  (1923),  No.  205,  pp. 

532-34. 
Clay  Sewer  Pipe  Manufacture.     H.     The  Effect  of  Variable  Alumina,  Silica, 
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Schurecht      Journal  of  the  American  Ceramic  Society,  Vol.  6  (1923), 
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Continuous    Bleaching.     W.    L.    Conrad.     American    Dyestuff    Reporter, 
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Gaa  Cleaning  with  Cottrell  Electrical  Precipitation  Process.     Roy  U.  Wood. 

Class  Industry,  Vol    4  (1923).  No   6   pp.  106-07. 
Glass  Sand:    Avoiding  Errors  in  the  Analysis  of  Glass  Sand.     J.  B   Krak. 

Class  Industry,  Vol,  4  (1923),  No.  6,  pp,  103-04. 
High  Temperature  Apparatus:   Les  Appareils  de  Laboratoire  pour  le  Chauf- 

fage   aux    Hautes   Temperatures.     M.    Garvin    and   G.    Chaudron. 

Chimie  et  Industrie,  Vol.  9  (1923).  No.  4,  pp.  647-50. 
Hydrogenation.     E.  J.  Luch.     Journal  of  the  Society  of  Chemical  Industry, 

Vol.  42  (1923),  No.  21,  pp.  219(-25(. 
Leather:   The  Extraction  of  Water  Soluble  from  Leather.     G.  W.  Schvltz. 

Journal  of  the  American  Leather  Chemists  Association.  Vol.  18  (1923), 

No,  6.  pp.  254-62. 
Mechanical    Handling:     The    Evolution    of    Mechanical    Handling.     One 

Hundred  Years'  Progress  and  Its  Relation  to  Present-Day  Problems. 

Matthew  W.  Potts,     Industrial  Management,  Vol.  65  (1923),  No,  5, 

pp.  279-84. 
Mercerizing  of  Dyed  Cotton  Fabrics.     Rafpable  Sansome.     Textile  Color- 

ist.  Vol.  45  (1923),  No.  534,  pp.  364-66. 
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Critiques  des  Metaux  et  Alliges.     PiBRRB  Dejean.     Chimie  et  Indus- 
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Motor  Fuels:    Free  Sulfur  in  Motor  Fuels.     W.  R.  Ormandy  and  E.  C. 
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Oil  Pumping:    Some  Practical  Notes  on  Oil  Pumping.     G.  W.  E.  Gibson. 

Journal  of  the  Institution  of  Petroleum  Technologists,  Vol.  9  (1923),  No. 

36,  pp.  77-89, 
Permalloy,  An  Alloy  of  Remarkable  Magnetic  Properties.     H,  D.  Arnold 

and  G.  W.  Elmen.     Journal  of  the  Franklin  Institute,  Vol.  19S  (1923), 
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Power  Problems  of  Vital  Interest  to  Executives.     I.     The  Dollars  and  Cents 

of  Feed  Water  Treatment.     James  T.  Bbard,  2nd.     Industrial  Manage- 
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Steam:    Merits  of  Superheated  Steam.     Robert  June.     Gas  Age-Record, 
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Steel:    The  Change  of  Volume  of  Steels  during  Heat  Treatment.     Leslie 

AircHisoN   AND   George   Reginald  Woodvinb.     Forging   and    Heat 
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MANUFACTUREES'  TECHNICAL  PUBLICATIONS 

Fuel  Oil;  Quinn  Fuel  Oil  Burning  Equipment.  A  32-page  treatise  on  oil 
burninf!  with  special  reference  to  the  Quinn  burner.  Published  by  the 
Combustion  Engineering  Corp.,  45  Broad  St.,  New  York,  N.  Y. 

High  Frequency  Induction  Furnace.  An  11-page  leaSet  published  by  the 
AjAX  Electrothermic^Corp.,  Trenton,  N.  J. 


GOVERNMENT  PUBLICATIONS 

Notice — Publications  for  which  price  is  indicated  can  be  purchased  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  Washington, 
D.  C.  Other  publications  can  usually  be  supplied  from  the  Bureau  er  De- 
partment from  which  they  originate. 

Bureau  of  Mines 

Additions,  Removals,  and  Changes  in  Permissible  List  of  Explosives  from 

December  31,  1922,  to  March    15,  1923.     S.  P.  HowBi,!..     Reports  of 
Investigations  2467.     4  pp.     Issued  April,  1923. 
Anhydrous  Aluminium  Chloride.     O.  C.  Eju,ston.     Technical  Paper  321. 

3S  pp.      Paper,  5  cents. 
An  Economic  Study  of  the  New  Albany  Shale.     J.  R.  Reeves.     Reports  of 

Investigations  2466.      19  pp.     Issued  April,  1923. 
Barite  and  Ocher  in  the  Cartersville,  Georgia,  District.     W.  M.  Weigel. 

Reports  of  Investigations   2477.      11    pp.      Issued    May,    1923. 
Bibliography  of  Petroleum  and  Allied  Substances  in  1919  and  1920.     E.  H. 

Burroughs.      Bulletin  216.     374  pp.     Paper,  40  cents. 
Coal  Mine  FataUties  in  March,  1923.     W.  W.  Adams.     Reports  of  Investiga- 
tions 2472.     3  pp.     Issued  April,  1923. 
Combustion  of  Powdered  Coal.     Henry  Kreisinger  and  John  Blizard. 

Reports  of  Investigations  2470.     4  pp.     Issued  April,  1923. 
Dangers  of  and  Treatment  for  Carbon  Monoxide  Poisoning.     R.  R.  Sayers 

AND   W.    P.    Yant.      Reports   of  Investigations   2476.     11   pp.     Issued 

May,   1923. 
Eirplosives:    Their  Materials,  Constitution,  and  Analysis.     C.  A.   Taylor 

AND  W   H.  Rinkenbach.      Bulletin  219.     ISS  pp.     Paper,  20  cents. 
Explosives  Used  in  March,  1923.     W.  W.  Adams.      Reports  of  Investigations 

2478.     6  pp.      Issued  May,  1923. 
Mine  Timber  in  Illinois  Coal  Mines.     H.  E.  Tufft.      Reports  of  Investiga- 
tions 2465.      5  pp.      Issued  April,  1923. 
Permissible  Explosives,  Mining  Equipment  and  Apparatus  Approved  Prior 

to  January  1,  1923.     S.  P.  Howell,  L.  C.  Ilsley,  D.  J.  Parker,  and 

A.    C.    FiELDNER.      Technical    Paper   333.     22   pp.     Paper,    5   cents. 
Physiological  Effect  of  High  Temperatures  and  Humidities  with  and  without 

Air    Movement.     R.    R.    Savers   and   D.    Harrington.     Reports   of 

Investigations  2464.     7  pp.     Issued  April,  1923. 
Progress  of  Investigations  on  Liquid-Oxygen  Explosives.     S.  P.  Howell, 

J.    W.    Paul   and   J.    h.   Sherrick.     Technical   Paper  294.     91    pp. 

Paper,  15  cents. 
Tests  of  Low-Grade  and  Complex  Ores  in  Colorado.     W   H.  Coghill  and 

C.  O.  Anderson       Technical  Paper  283.     67  pp.     Paper,  10  cents. 
The  Metallurgical  Treatment  of  Zinc  Retort  Residues.     B    M.  O'Hara. 

Reports  of  Investigations  2475.     12  pp.     Issued  May,  1923. 
Utilization  of  Waste  Rock  at  Lime  Plants.     Oliver  Bowles.     Reports  of 

Investigations  2463.     5  pp.     Issued  April,  1923. 

Bureau  of  Standards 

Publications  of  the  Bureau  of  Standards.  January  31,  1923,  Supplement  to 
Circular  24.     36  pp      1923. 

Congress 

Comparison  of  Tariff  Acts  of  1909,  1913,  and  1922.  With  Index.  Prepared 
for  the  use  of  the  Committee  on  Ways  and  Means,  House  of  Represen- 
tatives, under  the  direction  of  C.  F.  Moore,  clerk  to  the  committee. 
2S7  pp.     1923. 

High  Cost  of  Gasoline  and  Other  Petroleum  Products.  Hearings  before 
a  subcommittee  of  the  Committee  on  Manufactures,  United  States 
Senate,  pursuant  to  S.  Res.  295  amending  S,  Res.  292,  directing  the 
Committee  on  Manufactures  to  investigate  and  report  to  the  Senate 
the  conditions  of  the  crude  oil  and  gasoline  markets  during  the  years 
1920.  1921,  and  to  date  in  1922,  agreed  to  April  20  (calendar  day.  May 
13),  1922.     Vol.  I,  926  pp.,  1923;    Vol.  II,  943  pp.,  1923. 


Determination  of  Starch  Content  in  the  Presence  of  Interfering  Poly- 
saccharids.  G.  P.  Walton  and  M.  R.  Coe.  Journal  of  Agricultural 
Research.  23  (March  24,  1923),  995-1006. 

Distribution  of  Pentosans  in  the  Corn  Plant  at  Various  Stages  of  Growth- 
J.  H.  Ver  Hulst,  W  H.  Peterson,  and  E.  B.  Fred.  Journal  of 
AgricuUura'  Research.  23  (February  24.  1923),  655-63. 

Fuel  Value  of  Wood  Waste  Overestimated.  Technical  Note  190,  Forest 
Products  Laboratory.     2  pp. 

Homemade  Apple  and  Citrus  Pectin  Extracts  and  Their  Use  in  Jelly  Making. 
M.  C.  Denton,  Ruth  Johnstin,  and  F.  W.  Yeatman.  Department 
Circular  254.     11  pp.     Paper,  5  cents.     Issued  March,  1923. 

Identification  of  Pulp  Woods.  Technical  Note  196,  Forest  Products  Labora- 
tory.    2  pp. 

Nutrition  of  Plants  Considered  as  an  Electrical  Phenomenon.  J.  F.  Brea- 
ZEALE.     Journal  of  Agricultural   Research,  24  (April  7,  1923),' 41-54. 

On  the  Use  of  Calcium  Carbonate  in  Nitrogen  Fixation  Experiments.  P.  L. 
Gainey.     Journal  of  Agricultural  Research,  24  (April  14,  192.3)    185-90. 

Some  Books  on  Paints  and  Varnishes  and  Wood  Finishing.  Technical 
Note  195,  Forest  Products  Laboratory.     5  pp. 

Soy  and  Related  Fermentations.  M  B.  Church.  Department  Bulletin 
1152.     28  pp.     Paper,  15  cents.     Issued  May  12.  1923. 

Standard  Abbreviations.  Technical  Note  192,  Forest  Products  Laboratory. 
4  pp. 

Starved   Glue  Joints.      Technical    Note   193.  Forest  Products   Laboratory. 

Stimulating  the   Growth   of  Azotobacter   by  Aeration.     O    W.    Hunter. 

Journal  of  Airicultural  Research,  23  (February  24,  1923),  66.5-77. 
Storage  of  Water  in  Soil  and  Its  Utilization  by  Spring  Wheat.       O.  R. 

Mathews      With     introduction     by     E.     C.     Chilcott.     Department 

Bulletin  1139.     27  pp.     Paper,  5  cents.     Issued  April  14,  1923. 
Studies  on  Contact  Insecticides.     C.  H.  Richardson  and  C.   R.  Smith. 

Department  Bulletin  1160.     15  pp.     Paper,  5  cents      Issued  May  29 

1923 
The  Effect  of  Borax  on  the  Growth  and  Yield  of  Crops.     J.  J.  Skinner,  B.  E. 

Brown.  AND  F.  R.  Reid.     Department  Bulletin  1126.     31pp.     Paper] 

15  cents.     Issued  April  23,  1923. 

Geological  Survey 

Cadmium  in  1922.  C.  E.  Siebenthal  and  A.  Stoll.  Separate  from  Min- 
eral Resources  of  the  United  States,  1922  Part  I  5  pp.  Published 
May  22,  1923. 

Geology  and  Ore  Deposits  of  Shoshone  County,  Idaho.  J.  B.  Umpleby  and 
E.  L.  Jones,  Jr.      Bulletin  732.     150  pp.     Paper,  40  cents. 

Hydroelectric  Power  Systems  of  California  and  Their  Extensions  into 
Oregon  and  Nevada.  F.  H  Fowler.  Prepared  in  cooperation  with 
the  United  States  Forest  Service.  Waier-Supply  Paper  493,  1276  pp. 
Paper,  $2.25. 

Natural  Gas  in  1919-1921.  R.  S,  McBride  and  E.  G.  Sibvers.  Separate 
from  Mineral  Resources  of  the  United  States,  1921,  Part  II.  35  pp. 
Published  May  22,  1923. 

Peat  in  1922.  K.  W.  Cottrell.  Separate  from  Mineral  Resources  of  the 
United  States,  1922,  Part  II.     2  pp.     Published  May  31,  1923. 

Petroleum  in  1919-1921.  G.  B.  Richardson.  Separate  from  Mineral 
Resources  of  the  United  States,  1921,  Part  II.  31  pp.  Published 
May  26,  1923. 

Sodium  Sulfate:  Its  Sources  and  Uses.  R.  C.  Wells.  Bulletin  717. 
43  pp.     Paper,  5  cents. 

The  Floods  in  Central  Texas  in  September,  I92I.  C.E.Ellsworth.  Pre- 
pared in  cooperation  with  the  State  of  Texas.  Water-Supply  Paper 
488.     56  pp.     Paper,  15  cents. 

The  Jarbridge  Mining  District,  Nevada.  With  a  Note  on  the  Charleston 
District.     F.  C.  Schrader.      Bulletin  741.     86  pp.     Paper   20  cents. 

The  Kotsina-Kuskulana  District,  Alaska.  F.  H.  Moffit  and  J.  B.  MSRTIB, 
Jr.      Bulletin   745.     149  pp.     Paper,  40  cents. 

Government  Printing  Office 

Determination  of  the  Fiber  Content  of  Paper.  Results  of  Cooperative  Work 
on  Microscopical  Analysis  of  Paper  under  the  Direction  of  the  Public 
Printer.     E.  O.  Reed  and  R  R  Machmer.     6  pp.     1923. 


Department  of  Agriculture 

Action  of  Soap  upon  Lead  Arsenates.  R.  M.  Pinckney.  Journal  of 
Agricultural   Research,  24  (April  7,   1923),  87-95. 

Average  Yields  of  Groundwood  Pulp  from  Various  Woods.  Based  on  data 
collected  at  an  ordinary  commercial  grinder  by  the  Forest  Products 
Laboratory,  Madison,  Wis.  Technical  Note  191,  Forest  Products 
Laboratory.      1  p. 

Cost  of  De-Inked  Newspapei.  Technical  Note  194,  Forest  Products  Labo- 
ratory.    3  pp. 


Public  Health  Service 

Pasteur,  An  Appreciation.  Address  made  to  staff  of  Hygienic  Laboratory 
at  celebration  of  100th  anniversary  of  birth  of  Pasteur,  W,  M.  Clark. 
Reprint  811  from  Public  Health  Report.     8  pp      Paper,  5  cents. 

Penetration  of  Arsenic  into  the  Cerebrospinal  Fluid,  with  Particular  Refer- 
ence to  the  Treatment  of  Protozoal  Infections  of  the  Central  Nervous 
System.  Carl  Voegtlin,  M,  I,  Smith,  Helen  Dyer,  and  J.  W. 
Thompson.     Public  Health  Reports  38  (May  11,  1923),  1003-21. 
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[Supplied  by  Drug  &  Chemical  Markets] 


Heavy  chemicals,  intermediates,  medicinal  chemicals,  and 
fatty  oils  have  all  shown  a  continued  downward  tendency  during 
June.  The  average  movement  of  prices  toward  lower  levels 
appro.ximated  2  per  cent  for  the  month.  Buying  has  been 
limited  to  small  lots  for  immediate  use,  consumers  showing 
increased  caution  in  the  face  of  the  prices  under  competitive 
pressure.  There  is  practically  no  buying  ahead,  deliveries  on 
contracts  at  the  present  time  being  made  on  agreements  signed 
during  the  first  three  months  of  the  year  or  last  December.  A 
goodly  portion  of  the  American  manufacturers  keep  plants  run- 
ning full  time  on  old  contracts.  Those  hardest  hit  by  the  slow 
business  are  the  importers  with  accumulated  spot  stocks  on  their 
hands  which  they  are  now  unable  to  move. 

Many  consumers  are  still  operating  on  stocks  purchased  earlier 
in  the  year,  coming  into  the  market  only  when  absolutely  neces- 
sary and  confining  business  to  small  quantities.  Orders  are 
usually  accompanied  by  immediate  delivery  instructions.  With 
the  exception  of  a  very  few  items,  supplies  of  chemicals  are  plenti- 
ful. Imported  materials,  especially,  are  abundant,  and  many 
holders  have  been  forced  to  sacrifice  their  profits,  and  in  some 
instances  take  losses,  in  order  to  sell  their  goods.  Prices  of 
nearly  all  imported  chemicals  have  become  easy.  Copper  sul- 
fate is  very  weak  due  to  large  importations  and  practically  no 
market  for  the  material.  Domestic  manufacturers  have  covered 
the  agricultural  districts  quite  thoroughly,  and  importers  have 
been  forced  to  sell  as  low  as  4',  2  cents  per  lb.  while  domestic 
material  has  been  selling  at  o'/i  cents  per  lb. 

Caustic  potash  is  another  item  on  the  list  for  which  there  has 
been  a  slow  demand.  A  large  shipment  recently  arrived  which 
was  sold  well  under  the  spot  market  price.  This  weakened  the 
market  and  caused  a  drop  from  8V'4  to  7',  •>  cents  per  lb.  Domes- 
tic caustic  potash  has  been  moving  well  since  its  manufacture 
was  begun  a  few  months  ago,  with  prices  fully  a  cent  a  pound 
higher  than  imported  potash.  Yellow  prussiate  of  soda  has  been 
falling  steadily  and  manufacturers  have  reduced  their  prices  in 
order  to  compete  with  the  importers  for  the  little  business  avail- 
able. Potassium  permanganate  suddenly  dropped  5  or  6  cents 
a  lb.  during  June  after  enjoying  a  steady  advance  from  16  up 
to  25  cents  a  lb.     Potassium  carbonate  is  also  lower. 

While  there  has  been  a  slowing  up  in  activity  with  manufac- 
turers, there  has  been  enough  business  passing,  also  with  the 
regular  contract  deliveries,  to  keep  the  plants  operating  at  nearly 


capacity.  Heavy  acids  have  been  moving  steadily  into  all  con- 
suming channels.  Sulfuric  acid  and  oleum  have  been  in  limited 
supply.  O-xalic  acid  is  higher  and  firm.  Bleaching  powder  de- 
mand has  fallen  off  as  mills  entering  the  summer  months  do  not 
carry  as  large  stocks.  Prices  are  lower  in  some  directions. 
Arsenic  is  passing  through  its  quiet  season,  little  trading  being 
done,  and  prices  are  easy.  Some  material  has  been  arriving 
from  abroad  at  regular  intervals,  but  supplies  are  not  large.  The 
calcium  arsenate  situation  has  been  very  perplexing.  The  late 
and  cold  spring  in  the  South  retarded  the  planting  and  growth 
of  the  cotton  plants  three  to  four  weeks.  Dealers,  both  in  the 
South  and  in  New  York,  have  been  holding  stocks  of  arsenate 
waiting  for  the  appearance  of  the  boll  weevil  in  the  cotton  fields 
and  the  consequent  demand  for  insecticides.  In  the  local 
market  many  holders  have  been  offering  at  low  prices  in  order  to 
move  stock  on  which  payments  have  become  due.  The  weevil 
is  reported  to  have  appeared  in  the  cotton  fields  and  demand  is 
expected  to  begin  soon.  Sodium  and  potassium  bichromates 
are  in  good  demand  and  prices  firm.  Glauber's  salt  is  higher. 
Methyl  acetone  has  been  advanced.  Tin  crystals  are  lower  for 
June. 

Crude  coal-tar  products  have  been  gradually  becoming  more 
plentiful  with  prices  lower  in  most  items.  Benzene  and  toluene 
are  quoted  lower.  Demand  for  naphthalene  has  fallen  oS  and 
prices  are  easier.  Phenol  prices  are  holding  firm  at  50  to  52 
cents  per  lb.  The  manufacture  of  synthetic  phenol  has  been 
begun  by  an  American  manufacturer  who  is  producing  5000  lbs. 
per  day.  This  is  the  first  American  production  in  five  years. 
Xylene  is  in  slightly  better  supply.  Intermediates  have  been 
quiet  since  the  demand  for  dyestuffs  has  fallen  off. 

Weakness  in  animal  and  vegetable  oils  continued  throughout 
the  month  with  declines  in  nearly  all  items.  Menhaden  fishing 
operations  have  begun  and  prices  are  held  at  high  levels  owing 
to  the  small  catches  caused  by  labor  shortage.  Turpentine 
continued  its  decline  of  the  previous  month  but  recovered 
slightly  towards  the  close.     Rosin  prices  are  also  lower. 

Quicksilver  was  quoted  higher  at  mines  during  June  at  £10 
19s.  6d,  while  spot  London  metal  held  at  £10  5s.  per  flask. 
Demand  at  the  moment  is  limited  to  small  buying.  The  trade 
looks  for  firmer  prices  since  the  mines  are  closed  down  and  the 
stocks  are  said  to  be  none  too  heavy  to  take  care  of  demands 
for  the  next  few  months. 
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INDUSTRIAL  CHEMICAL  PRICES 
Average  Price  Per  Hundred  Pounds  of 
Twenty  Representative  Heavy  Chemicals 

-7 

L, 

" 

f 

' 

X 

s. 

A 

Sl 

1 

- 

1 

1 

~~' 

^ 

1 

1 

_ 

Sj 



_ 



1 



_ 

u 

__ 

_ 

_ 

_ 

_ 

_ 

— 

_ 

— 

— 

— 

— 

^ 

— 

— 

— 

1 

— 

— 

~ 

~ 

"~ 

~ 

- 

H 

~ 

_ 

"" 

~" 

— 

"■ 

"■ 

\ 

^ 

iJ 

— 

_ 

— 

— 

~1 

V 

-H 

— 

— 

_ 

- 

- 

— 

- 

-, 

- 

-^ 

;==" 

^ 

> 

«< 

- 

- 

- 

Ij 

— 

— 

— 

— 

— 

- 

~ 

^ 

~ 

~ 

= 

— 

~ 

— 

- 

- 

- 

- 

- 

u 

, 



._, 







_ 

1 



= 

1 

1 

U 

u 

LJ 

LJ 

LJ 

LJ 

L 

LJ 

LJ 

5 

LJ 

u 

J 

Courtesy  of  Drug  &  Chemical  Markets 


July,   1923  INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 

FIRST-HAND  PRICES  FOR  GOODS  IN  ORIGINAL  PACKAGES  PRBVAILING  IN  THE  NEW  VORK  MARKET 
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INOBQANIC  CHEMICALS 


Acid,  Boric,  cryst.  bbls lb. 

Hydrochloriccomm'l.  20°lh. 
Hydrofluoric,  30%  bbls. . .  lb. 
Hydriodic,  10%  U.S.  P...lb 
Nitric,  42 °,cbys.c/l  wks.lb. 
Phosphoric,  50%  tech. ...lb. 

Sulfuric,  C.  P lb. 

66°  tks.  wks ton 

Oleum,  20% ton 

Alum.  Ammonia,  lump lb. 

Potash,  lump lb. 

Chrome lb. 

Soda,  ground lb. 

Aluminum  Sulfate  (iron-tree) .  lb. 
Ammonium  Carbonate,  pwd. .lb. 

Chloride,  white  gran lb. 

Ammonia,  anhydrous lb. 

Ammonia  Water,  drums,  26°. lb. 

Arsenic,  white lb. 

Barium  Choride ton 

Nitrate lb. 

Barytes,  white ton 

Bleaching  Powd.,  35%,  works 

100  lbs. 

Borax,  cryst.,  bbls lb. 

Bromine,  pure,  wks lb. 

Calcium  Chloride,  fused,  f.o.b. 

N.  Y ton 

Chlorine,  liquid lb. 

Copper  Sulfate 100  lbs. 

Iodine,  resubUmed lb. 

Lead  Acetate,  white  crystals,  .lb. 

Nitrate lb. 

Red 100  lbs. 

White  (Carb.) lb. 

Lime,  live  and  hydrated,  bbl.  lb. 

Oyster  sheU lb. 

Lime  Acetate 100  lbs. 

Magnesium  Carbonate,  tech.  .lb. 

Magnesite,  calcined ton 

Phosphorus,  yellow lb. 

Red lb. 

Plaster  of  Paris,  tech bbl. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate,  calc.,S0-85%.lb. 

Chlorate,  cryst lb. 

Hydroxide,  S8-92%i lb. 

Iodide,  bulk,  U.  S.  P lb. 

Nitrate lb. 

Permanganate,  U.  S.  P..  .lb. 

Prussiate,  red lb. 

Yellow lb. 

Salt  Cake,  bulk ton 

Silver  Nitrate oz. 

Soda  Ash,  58%,  bags XOO  lbs. 

Caustic,  76%,  N.  Y.  100  lbs. 
*  Resale  or  Imported  (not  an 


15.00 

15.00 

15.00 

19.00 

19.00 

IS.  00 

.03"^ 

■  OS'-i 

.03)^ 

*.03M 

•.03M 

*.03H 

■  Oayi 

.05 -4 

.05H 

.04 

.04 

.04 

.02H 

.02H 

.02^ 

.09 

.09 

.09}^ 

.07J^ 

■  O714 

.07}. 

.30 

.30 

.30 

.073^ 

.07'^ 

.07K 

.Wi 

.14 

.15H 

*85.00 

*85.00 

*92.60 

*.0S 

*.0S 

*.07,'2 

33.50 

33.50 

33.50 

2.00 

2.00 

2.15 

.05^2 

.Obi-i 

.05;-^ 

.29 

.29 

.29 

24.50 

24.50 

24.50 

.05,U 

.O5J4 

■  O-oVi 

.i.75 

5.65 

6.25 

4.55 

4.55 

4.50 

.14 

.14 

.13 

.22 

.22 

.22 

11.40 

11.40 

10.60 

.09% 

.093.4' 

.08"^ 

.OIJ2 

.OIU 

.OIJ^ 

3.30 

.nii 


•.36 
26.00 

.44,4 
*2.00 
3.70 
3  price) . 


1.  1923        Sodium  Acetate lb. 

.  1 1 H  Bicarbonate 100  lbs. 

.OIK  Bichromate lb. 

.06  Bisulfite,  powd lb. 

.  60  Chlorate lb. 

.06  Cyanide,  96-98%. lb. 

.  08  Fluoride,  tech lb. 

.07  Hyposulfite,  bbls..  .  100  lbs. 

Nitrate.  95% 100  lbs. 

Nitrite lb. 

Prussiate,  yellow lb. 

Phosphate  (di-sod.),  tech. lb. 

Silicate,  40° 100  lbs. 

Sulfide,  60%,  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude,  mines long  ton 

Tin  Bichloride,  50%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbls lb. 


*.16 

.14).3 

*.07 

*.05>i 

*.07i4 

♦.os-^ 

*.07?.4 

*.08 

3.75 

3.60 

.06).3 

.06>i 

Jan.-  1 

June  15 

Jan.  1923 

.05M 

.05K 

.07Ji 

2.25 

2.25 

2.00 

•  08H 

.0&}4 

.07Ji 

.04 

.04 

.04 

.06H 

.06K 

.06>5 

.23 

.23 

.23 

.09H 

.09>^ 

.09^ 

2.90 

2.90 

3.60 

2.50 

2.50 

2.57H 

.08 

.08 

.08>i 

.16 

.16 

.18H 

.OVA 

.03H 

.03>i 

.80 

.80 

.80 

.05 

.05 

.05 

*.12H 

*.12>^ 

*.085i 

3.00 

3.00 

3.00 

4.00 

14.00 

14.00 

.121  ■. 

.12>2 

.lOJi 

.07 


*2.00 
3.50 


ORGANIC  CHEMICALS 

Acetanihde,  U.  S.  P.,  bbls lb.  .35 

Acid,  Acetic,  28  p.  c 100  lbs.  3.173^2 

Glacial 100  lbs.  12.50 

Benzoic,  U.  S.  P lb.  .72 

Carbolic,  cryst.,  U.  S.  P., 

drums lb  .55 

50-  to  110-!b.  tins,,  .lb.  .57 

Citric,  crystals,  kegs lb.  *.  52 

Oxahc,  cryst.,  bbls.,  wks.lb.  .13)1 

PyrogaUic,  resublimed ...  lb.  1 .  55 

SaUcylic,  U.  S.  P lb.  .40 

Tannic,  U.S.  P.,  bbls lb.  .S3 

Tartaric,  cryst.,  U.S.  P...  lb.  *.36 

Acetone,  drums lb.  .22 

Alcohol, denatured,  complete,  gal.  .43 

Ethyl,  190  proof,  bbls... gal.  4.75 

Amyl  Acetate ga!.  3 .  50 

Camphor,  Jap,  refined,  cases  .lb.  .88 

Carbon  Bisulfide,  c/1 lb.  .063^ 

Tetrachloride lb.  .W'A 

Chloroform,  U.  S.  P. ,  drums .  .  lb,  .35 

Creosote,  U.  S.  P lb.  .50 

Cresol,  U.  S.  P lb.  .25 

Dextrin,  corn 100  lbs.  3 .  74 

Imported  Potato lb.  .09 

Ether,  U.S.  P..  100  lbs lb.  .13 

Formaldehyde,  bbls lb.  .15 

Glycerol,  dynamite,  drums.  .  .lb  .16;3 

Methanol,  pure,  bbls gal.  1.16 

Methylene  Blue,  med lb.  2.25 

Petrolatum,  light  amber lb.  .04,'^ 

Pyridine gal.  2.75 

Starch,  corn,  pow'd 100  lbs.  3 .  07 

Potato,  Jap lb.  .05 

Sago lb.  .04H 


3.17H 
12.05 


.52 

•.48>^ 

.13}^ 

.13H 

.55 

1.55 

4.75 

4.70 

3.50 

2.50 

.88 

.86 

.06Si 

.06M 

.10}.^ 

.lOH 

.16H 

.16H 

1.16 

1.35 

2.25 

2.25 

.04J^ 

.03% 

2.75 

2.75 

3.07 

2.47 

1920 

1921                 1                 1922 

1923                1 

IIEDICIHAI  CHEMICAL  PRICES 
/Vverage  Price   of  Twenty  Repre- 
sentative Fine  Chemicals 
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INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


OILS,  WAXES,  ETC. 


Vol.  15,  No.  7 

June  15         Jan.  1923 


Jur 


June  15 


Beeswax,  pure,  white lb. 

Castor  Oil,  No.  3 lb. 

Ceresin,  yellow lb. 

Corn  Oil,  crude,  tanks,  mills.,  .lb. 
Cottonseed  Oil,  crude,  f.  o.  b. 

miU lb. 

Linseed  Oil,  raw,  lc/1 gal. 

Menhaden  Oil,  crude,  mills.,  .gal. 

Neafs-foot  Oil,  20° lb. 

Paraffin,  128-130  m.  p.,  ref.. .  .lb. 

Rosin,  "F"  grade,  280  lbs bbl. 

Rosin  Oil,  first  run gal. 

Shellac,  T.  N lb. 

Sperm    Oil,    bleached    winter, 

38° eal. 

Stearic  Acid,  double  pressed.,  .lb. 

Tallow  Oil,  acidless lb. 

Turpentine,  spirits  of gal. 


Aluminium,  No   1,  ingots lb. 

Antimony,  ordinary 100  lbs. 

Bismuth lb. 

Copper,  electrolytic lb. 

Lake lb. 

Lead,  N.  Y 100  lbs. 

Nickel,  electrolytic lb. 

Platinum,  refined,  soft oz. 

Quicksilver,  flask 75  lbs.  ea. 

Silver,  foreign oz. 

Tin lb- 
Tungsten  Wolframite per  unit 

Zinc,  N.  Y 100  lbs. 


.14H 

.uyi 

.08H 

.08J4 

.09H 

.09>^ 

.09H 

.10 

1.17 

1.17 

.50 

.50 

A6'A 

.16Ji 

.04 

.04 

6.15 

6.15 

.47 

.47 

.81 

.81 

.99 

.99 

.14 

.13H 

.10)4 

.1014 

1.09 

1.06 

FERTILIZER  MATERIALS 


Ammonium  Sulfate,  expt.lOO  lbs. 
Blood,  dried,  f.  o.  b.  N.  Y. .  .unit 
Bone,  3  and  50,  ground,  raw.. ton 
Calcium    Cyanamide,    unit    of 

ammonia 

Fish  Scrap,  dried,  wks unit 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton 

Tennessee,  78-80% ton 

Potassium  Muriate,  80% unit 

Tankage,  high-grade,  f.   o.  b. 

Chicago unit 


.08H 
.09Ji 

.095< 
.87 
.53 
.18K 
.04 
6.25 


.12H 
.IIH 


7.25 

7.25 

6.75 

2.75 

2.75 

2.75 

.15 

.15H 

.14? 

.15K 

ASH 

.14? 

7.25 

7.00 

7.80 

.25 

.25 

.36 

116.00 

116.00 

118.00 

68.00 

67.00 

73.00 

.65ii 

.65 

.63 

.42 

.42 

.39 

8.50 

8.50 

7.50 

6.75 

6.50 

8. 25 

3.50 

3.50 

3.90 

4.00 

4.00 

4.70 

30.00 

30.00 

28.00 

2.25 

2.25 

2.25 

4.00 

4.00 

5.35  & 

3.25 

3.25 

3.00 

3.25 

3.25 

3.00 

.68 

.68 

.68 

3.25&.10     3.25&.10     4.7S&.10 


COAL-TAR  CHEMICALS 

Crudes 

Anthracene,  80-85% lb.  .75 

Benzene,  pure,  tanks gal.  .27 

Naphthalene,  flake lb.  .08)i 

Phenol,  drums lb.  .50 


.30 
.06H 


Crudes     (concluded) 

Toluene,  pure,  tanks gal. 

Xylene,    2    deg.    dist.    range, 

drums gal. 

Intermediates 
Acids: 

Anthranilic lb. 

Benzoic,  tech lb. 

Cleve's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

Monosulfonic  F lb. 

Naphthionic,  crude lb. 

Nevile  &  Winther's lb. 

Picric lb. 

Sulfanilic lb. 

Tobias- lb. 

Aminoazobenzeoe lb. 

AniUne  OU lb. 

Aniline  Salt lb. 

Anthraquinone  (sublimed) lb. 

Benzaldehyde,  tech lb. 

U.S.  P lb. 

Benzidine  Base lb. 

Benzidine  Sulfate lb. 

Diaminophenol lb. 

Dianisidine lb. 

f-Dichlorobenzene lb. 

Diethylaniline lb. 

Dimethylaniline lb. 

Dinitrobenzene lb. 

Dinitrotoluene lb. 

Diphenylamine lb. 

GSalt lb. 

Hydroquinol lb. 

Monochlorobenzene lb. 

Monoethylaniline lb. 

fc-NaphthoI,  dist lb. 

o-Naphtbylamine lb. 

fc-Naphthylamine lb. 

m-Nitroaniline lb. 

/f-Nitroaniline lb. 

Nitrobenzene  (Oil  Mirbane) . .  .lb. 

p-Nitrophenol lb. 

o-Nitrotoiuene lb. 

p-Nitrotoluene lb. 

m-Phenylenediamine lb. 

p-  Phenylenediamine lb. 

Phthalic  Anhydride lb. 

RSalt lb. 

Resorcinol,  tech lb. 

U.  S.  P lb. 

Schaefl^er's  Salt lb. 

Sodium  Naphthionate lb. 

Thiocarbanilide lb. 

Tolidine  (base) lb. 

Toluidine,  mixed lb. 

O-Toluidine lb. 

p-Toluidine lb. 

m-Toluylenediamine lb. 

XyUdine lb. 


.30 
1.00 


.30 


.30 


.70 

.70 

.65 

1.00 

1.00 

1.25 

1.80 

1.80 

1.85 

.80 

.80 

.80 

.60 

.60 

.60 

2.30 

2.30 

2.30 

.62 

.62 

.60 

1.25 

1.25 

1.15 

.25 

.25 

.20 

.20 

.20 

.19 

1.30 

1.30 

1.30 

1.15 

1.15 

1.15 

.17 

.17 

.17 

.24 

.24 

.25 

1.30 

1.30 

1..30 

.75 

.75 

.65 

1.50 

1.50 

1.40 

.84 

.84 

.84 

.70 

.70 

.70 

3.80 

3.80 

3.75 

4.60 

4.60 

4.50 

.17 

.17 

.17 

.60 

.60 

.60 

.42 

.42 

.41 

.19^5 

.19'A 

.19 

.19 

.19 

.20 

.48 

.48 

.50 

.55 

.55 

.60 

1.25 

1.25 

1.05 

.10 

.10 

.10 

1.00 

1.00 

1.00 

.24 

.24 

.26 

.35 

.35 

.29 

.75 

.75 

.95 

.78 

.78 

.80 

.74 

.74 

.74 

.10 

.10 

.10 

1.00 

1.00 

.72 

.10 

.10 

.10 

.60 

.60 

.65 

.98 

.98 

1.00 

1.45 

1.45 

1.50 

.32 

.32 

.35 

.55 

.55 

.55 

1.50 

1.50 

1.50 

2.00 

2.00 

2.00 

.60 

.60 

.60 

.62 

.62 

.62 

.35 

.28 

.35 

.95 

.95 

.95 

u 
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Guide  Posts 

THE  Tariff  Commission  has  just  issued  the  "Census  of 
Dyes  and  Other  Synthetic  Organic  Chemicals"  for  the 
calendar  year  1922.  Prepared  imder  the  direction  of  Warren 
N.  Watson,  the  census  is  invaluable  as  a  guide  post  to  our 
manufacturers  and  enables  specialization  in  production  to  be 
undertaken  along  the  lines  urged  in  our  discussion  last  month. 
Indeed,  earUer  work  of  the  commission  has  been  of  great 
monetary  value  to  our  industry  because  of  its  utihty  in  just 
this  manner.  From  the  data  given,  plans  can  be  laid  that 
will  greatly  strengthen  our  world  position. 

There  is  much  of  encouragement  in  the  census.  For 
the  first  time  in  liistory,  we  are  practically  independent, 
producing  now  in  this  country  93.5  per  cent  of  our  require- 
ments. In  1922,  the  dye  production  increased  66  per  cent, 
imports  decreased,  and  while  exports  also  declined,  they  are 
now  showing  an  increase.  The  gain  in  the  production  of  vat 
and  ahzarin  dyes  is  also  most  encouraging,  and  the  decrease 
in  imports  is  largely  due  to  the  successful  commercial  produc- 
tion during  1922  of  these  colors,  as  well  as  the  developed 
cotton,  acid,  and  mordant  dyes. 

Statistics  speak  clearly  for  themselves  and  the  following 
are  of  great  interest: 

Production  of  Synthetic  Organic  Chemicals 


Number  of  Firir 

is     . Production  i: 

n  Pounds s 

Coal-tar  chemicals; 

1922 

1922 

1921 

87 

64,632,187 

39,008,690 

Color  lakes 

43 

10,578,664 

6,152,187 

7 

345,798 

183,798 

2,946,347 

20 

1,215,668 

17 

793,148 

119,335 

5 

5,944,133 

Synthetic  tanning  materials 

4 

1,910,519 

Totals 

164 

88,368,131 

51,457.565 

Non-coal-tar  chemicals 

79,202,155 

21,545,186 

Those  who  have  wondered  to  what  extent  the  ultimate 
consumer  may  be  subject  to  an  American  monopoly  will  be 
interested  to  know  that  there  has  been  a  decrease  in  the  price 
of  dyes,  notwithstanding  the  unusually  high  cost  of  produc- 
tion in  all  lines  of  manufactui-e  in  the  United  States  to-day. 
In  1917  the  average  sales  price  per  pound  of  dyes  was  $1.26, 
in  1921,  10.83,  and  in  1922,  $0.60.  As  compared  with  1921 
the  price  of  indigo  decreased  47  per  cent  and  alizarin  20  per 
cent,  with  many  other  colors  within  the  range.  As  to  quaUty, 
we  quote  from  the  census: 

The  satisfactory  quality  and  the  uniform  standardization  of 
Ihe  American  dyes  is  one  of  the  striking  evidences  of  the  com- 
mendable progress  made  by  the  industry.  Dye  for  dye,  with 
relatively  few  exceptions,  the  domestic  products  are  found  equal 
to  the  pre-war  German  dyes.  In  the  early  stages  of  the  domestic 
dye  industry,  after  the  outbreak  of  the  Great  War,  many  of  our 
dyes  were  lacking  in  uniformity  of  strength  and  quality.  This 
condition,  however,  no  longer  prevails,  as  our  domestic  manu- 
facturers are  marketing  dyes  which  are  uniformly  standardized 
as  to  strength  and  quality.  Statements  of  the  largest  silk  and 
woolen  manufacturers  and  also  from  cotton  printers  and  dyers 
agree  as  to  the  satisfactory  results  obtained  from  American  dyes. 

To  be  sm'e,  many  factors  contribute  to  the  success  which 
thus  far  has  rewarded  the  efforts  of  American  scientists, 
industriahsts,  and  capitaUsts  to  estabhsh  an  industry  here. 
Among  these  factors  the  unsettled  situation  in  Europe, 
which  cannot  continue  indefinitely,  looms  large.  Most  im- 
portant is  the  item  of  research  for  which  the  coal-tar  and 
chemical  mdustry  has  expended,  during  the  period  1917  to 


1922,  more  than  .$21,000,000.  Through  this  expenditure 
new  dyes  and  other  synthetic  organic  chemicals  of  great 
economic  value  have  been  devised  and  developed,  while  the 
reduction  in  prices,  to  which  reference  has  been  made,  is  in  a 
large  degree  due  to  reduced  cost  of  production,  which  is 
not  possible  without  such  research.  There  is  perhaps  no 
other  American  industry  which  has  devoted  such  a  sum  to 
research  and  development  work  in  the  period  named.  Tliis 
fact  should  do  much  toward  allaying  the  fears  of  those  who 
have  been  disturbed  by  what  appears  to  have  been  a  lack 
of  appreciation  of  scientific  men.  In  individual  cases  there 
has  been,  no  doubt,  such  a  disregard  for  the  scientist  as  to 
give  rise  for  anxiety;  but  industry  as  a  whole  does  not  seem 
to  lack  proper  appreciation. 

Just  before  the  war  we  were  discussing  with  an  eminent 
Em-opean  chemist  the  question  of  a  dye  industry  in  America. 
He  predicted  that  America  would  not  found  such  an  in- 
dustry— fii-st,  because  it  could  not  be  done  without  tlie  ex- 
peuditm'e  of  at  least  ten  million  dollars  upon  research;  and 
secondly,  that  the  market  was  not  worth  that  hazard.  The 
record  speaks  for  itself.  There  is  stUl  much  to  be  done  for 
the  gap  between  93.5  per  cent  and  100  per  cent  should  be 
filled.  That  6.5  per  cent  is  ob\'iously  the  most  difficult. 
It  requires  the  expenditure  of  large  sums  and  the  continued 
support  of  research  on  a  large  scale.  All  this  can  and  will 
be  done  if  the  industry  is  given  the  support  by  the  ultimate 
consumer  which  it  has  fuUy  demonstrated  is  well  deserved. 


A  Dangerous  Precedent 

nPHE  sincere  efforts  on  the  part  of  such  government  de- 
*  partments  as  Agriculture  and  Commerce  to  obtain  the 
best  scientists  possible  for  government  service,  and  to  make 
that  service  attractive  to  them,  stand  out  in  marked  contrast 
to  recent  events  in  the  Department  of  the  Interior.  The 
circumstances  under  wliich  the  director  of  the  United  States 
Reclamation  Service  has  been  deposed  may  easily  estabhsh  a 
most  dangerous  precedent  and  cause  good  men  needed  in 
government  service  to  decline  to  submit  themselves  to  the 
possibHity  of  similar  action. 

From  information  appearing  in  the  public  press,  it  seems 
that,  for  poUtical  reasons,  an  engineer  with  thirty-five  years 
of  satisfactory  service  to  his  credit  has  been  dismissed,  upon 
two  weeks'  notice,  on  the  fhmsy  excuse  that  the  service  re- 
quu-es  as  its  head  a  "business  man"  and  not  an  engineer  and 
that  the  new  appomtee  will  be  able  to  assist  the  man  on 
irrigated  lands  to  make  a  success  of  his  enterprise.  It  is 
not  our  purpose  to  comment  upon  the  business  experience  of 
the  new  appointee,  nor  to  express  views  as  to  the  possible 
dupUcation  of  the  work  of  the  Department  of  Agriculture  for 
the  farmer,  but  rather  to  inquire  if  there  are  not  now  sufficient 
jobs  for  pohtical  distribution  without  disturbing  engineering 
and  scientific  organizations.  Technical  men  are  little  con- 
cerned with  politics.  That  game  has  no  attraction  for  most 
of  those  interested  in  scien},tfic  pursuits.  Pubhc  welfare 
requires  that  the  best  quahfied  technical  men  obtainable  be 
placed  in  government  work.  The  compensation  is  inade- 
quate in  many  instances,  and  the  post  must  therefore  be  made 
as  attractive  as  possible  in  other  ways.  Our  pohticians  must 
be  made  to  vmderstand  that  technical  work  must  be  kept  and 
placed  beyond  theii-  reach. 
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Newspaper  Education 

"VTO  one  minimizes  the  power  of  the  daily  press  nor 
the  opportunity  which  it  has  to  educate  a  large  portion 
of  our  population.  It  is  this  very  function  of  the  press  which 
has  made  it  worth  wlvUe  for  the  American  Chemical  Society 
to  do  what  it  could  in  supplying  reUable  information  not  easUy 
obtainable  by  the  press  without  such  assistance. 

Ivnowing  something  of  the  difficulty  in  interesting  the  press 
in  scientific  information,  we  have  carefully  noticed,  from  time 
to  time,  the  relative  amount  of  space  given  to  news  of  various 
classifications  chosen,  undoubtedly,  by  the  editor  to  meet 
what  he  believes  to  be  the  public  demand.  Can  you  recall 
anj'  event  connected  with  science  or  scientLsts  which  com- 
manded even  ten  per  cent  of  the  space  given  to  the  recent 
prize  fight  in  Shelby,  Montana?  One  of  the  greatest  news- 
papers in  this  country  devoted  one-half  of  its  front  page  and 
at  least  two  other  pages  in  the  same  issue,  not  to  mention 
an  editorial,  to  tliis  instructive  and  ele\'ating  event.  This  had 
been  preceded  by  front  page  articles  and  was  followed  by 
further  material  which  was  also  given  preferred  space.  An 
international  catastrophe,  a  declaration  of  war,  or  a  presi- 
dental  landslide  is  accorded  a  like  amount  of  pubhcity. 

Perhaps  there  is  nothing  discouraging  in  the  situation  but 
it  does  seem  to  indicate  that  much  remains  to  be  done  before 
the  press  will  be  willing  to  devote  space  to  events  more  nearly 
in  proportion  to  their  real  and  lastmg  importance.  After 
all,  it  is  a  question  whether  the  press  really  prints  as  news  the 
topics  in  wliich  the  people  are  interested,  or  offers  the  class  of 
news  in  which  it  seeks  to  interest  the  public. 


Supplemental  Meetings 

T^HE  imqualified  success  of  the  Colloid  Symposium  at 
the  University  of  Wisconsin,  following  close  on  the  heels 
of  the  demonstration  at  the  University  of  IDinois  of  how  at- 
tractive a  regional  meeting  can  be  made,  clearly  indicates 
that  the  report  of  the  Committee  on  Intersectional  Meetings 
should  be  given  serious  consideration  at  Milwaukee. 

We  find  no  general  sentiment  for  discontinuing  either  of 
om'  semiannual  meetings.  The  activities  of  the  Society 
requh'e  that  its  governing  body  and  its  advisory  and  other 
committees  should  meet  at  least  twice  a  year.  Semiannual 
meetings  also  not  only  make  it  possible  for  a  large  number  of 
members  to  attend  at  least  one  of  our  national  meetings  each 
year,  but  exert,  both  locally  and  nationally,  an  influence  for 
chemistry  which  must  not  be  underrated. 

The  growth  of  chemistry  in  America  and  the  splendid  work 
being  done  seems,  however,  to  requu'e  the  adoption  of  new 
policies  governing  meetings.  First,  the  national  meetings 
must  be  put  upon  a  stiU  higher  plane.  They  must  be  made  to 
assume  a  national  importance  and  to  attract  the  attention  of 
a  larger  portion  of  our  population.  The  number  of  papers 
before  the  di\'isions  and  sections  must  be  reduced  and  only 
those  papers  presented  which  are  of  sufficient  importance  to 
draw  forth  discussion,  for  wlaich  ample  time  must  be  allowed. 
Such  papers  should  be  reviewed  and  edited  before  presenta- 
tion so  that  they  may  be  published  without  delay.  The  time 
now  given  to  general  meetings  might  be  profitably  divided 
with  a  sjTnposium  of  general  interest.  Programs  should  be 
planned  a  long  time  in  advance  and  given  most  serious 
thought. 

Tills  leaves  the  remainder  of  the  papers,  by  far  the  larger 
part,  for  the  regional  meetings,  and  insm-es  ample  time  for 
discussion,  since  such  papers  will  be  divided  among  a  number 
of    regional    meetings.     Whether    these    regional    meetings 


should  be  modeled  along  national  divisional  lines  or  consist  of 
symposia  remains  a  question.  Perhaps  occasional  symposia 
might  also  be  held  to  advantage.  That  would,  of  course, 
depend  largely  upon  the  subjects  to  be  discussed. 

The  impeDing  need  of  the  moment  seems  to  be  to  encourage 
the  presentation  of  worth-whOe  papers  by  creating  such  con- 
ditions that  the  authors  of  the  best  work  will  be  encouraged 
to  present  their  results.  We  should  make  sure  that  the  cream 
of  our  effort  is  offered  at  the  national  meetings  and  in  a 
settmg  and  under  circumstances  which  are  attractive  to  the 
author  as  well  as  his  audience. 

Members  should  go  to  Milwaukee  with  definite  ideas  on 
this  subject. 


Chemists  in  High  Places 

IN  Rochester  they  tell  the  story  that  the  Research  Lab- 
oratory of  the  Eastman  Kodak  Company  was  founded 
by  IVIr.  Eastman  after  a  visit  to  Germany  during  wliich  a 
prominent  industrialist  boasted  of  his  own  research  staff  and 
asked  Mr.  Eastman  how  many  chemists  he  employed  upon 
research. 

C.  E.  K.  Mees,  who  had  been  managing  director  of  Wratten 
&  Wamwright,  of  England,  from  1906  to  1912,  came  to  be 
director  of  the  Research  Laboratory  in  the  latter  year,  and 
began  to  make  his  intimate  acquaintance  among  American 
chemists  at  the  meeting  of  the  Eighth  International  Congress 
of  Applied  Chemistry.  He  has  become  prominent  among 
American  chemists,  and  notwithstanding  his  increasing  duties 
with  his  company,  has  had  time  to  contribute  much  to  the 
success  of  the  Rochester  local  section.  We  can  commend  such 
activity  to  the  many  other  plant  executives.  The  Superin- 
tendents' Club  at  Kodak  Park  can  offer  many  an  interesting 
story  of  the  early  experiences  of  Dr.  Mees  as  one  of  their 
number. 

Not  long  since  there  were  added  to  the  duties  of  directing 
research  those  incident  to  development,  which  carries  with 
it  the  responsibility  of  investigating  and  advising  new  de- 
partures in  manufacture,  based  either  upon  the  company's 
own  discoveries  or  suggestions  from  others.  We  are  pleased 
to  say  that  Dr.  Mees  has  since  been  made  a  director  of  the 
Eastman  Kodak  Company,  the  election  taking  place  at  a 
recent  meeting  of  the  directors.  This  promotion  is  pleasing 
personally,  and  is  of  interest  to  all  chemists,  proving  as  it  does 
that  a  man  properly  qualified  and  trained,  and  with  a  willing- 
ness really  to  work  may  succeed  in  reaoliing  the  highest- places 
in  a  corporation  by  the  chemical  route.  Having  made  a 
specialty  of  photographic  theory  and  having  a  keen  appreci- 
ation of  scientific  work  both  fundamental  and  applied,  we 
venture  the  prediction  that  no  director  of  the  company  will 
contribute  more  to  the  success  of  the  corporation  than  Dr. 
Mees. 

The  election  of  chemists  to  high  places  in  industrial  organi- 
zations should  not  be  so  infrequent  as  to  need  editorial  com- 
ment. The  valuable  qualities  wliich  the  Eastman  Kodak 
Company  has  discovered  in  Dr.  Mees  may  be  found  by  other 
commercial  organizations  among  their  own  scientific  staff. 
We  venture  to  suggest  that  such  an  inquiry  would  reveal  many 
men  qualified  to  take  such  increased  responsibility  in  the  man- 
agement of  the  company's  affairs.  Such  a  man  will,  of  course, 
have  native  ability,  made  more  valuable  by  the  special  train- 
ing wliich  a  thorough  grounding  in  chemistry  and  allied  sub- 
jects is  sure  to  give.  With  a  little  encouragement  he  will  be 
able  to  pass  sound  judgment  in  differentiating  between  es- 
sentials and  nonessentials  in  business,  just  as  he  must  do  in  the 
course  of  his  chemical  work. 
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Recent  Developments  at  Wilmington 

'T'HAT  American  industry  is  and  must  be  protected 
*  from  the  exposure  of  industrial  secrets  in  legal  pro- 
ceedings, was  the  substance  of  the  most  important  ruling  yet 
made  by  Judge  Hugh  K.  Morris  in  the  case  of  the  United 
States  vs.  the  Chemical  Foundation,  Inc.,  at  Wilmington,  Del. 
In  the  cross  examination  of  Elmer  K.  Bolton,  chief  chemist 
for  E.  I.  du  Pont  de  Nemours  &  Company,  it  was  evident 
that  Colonel  Anderson,  attorney  for  the  Government,  must 
have  been  given  information  considered  confidential  by  Dr. 
Bolton's  employers.  He  asked  direct  questions  as  to  the 
modifications  of  processes  necessary  to  obtain  the  products 
claimed  under  patents  which  his  company  was  using  and 
answers  would  have  disclosed  valuable  secrets.  Following  a 
heated  controversy  between  counsel,  the  judge  announced 
his  ruling  in  these  words: 

I  decline  to  direct  this  witness  to  answer,  and  hold,  for  the  first 
time  in  this  case,  that  the  testimony  called  for  is  irrelevant  and 
immaterial  and  is  not  pertinent*  *  *  *to  this  case.*  *  *  *I 
decline  to  make  public  any  answer  or  to  place  the  trade  secrets 
of  any  commercial  enterprise,  under  the  conditions  here  called 
for,  either  public  or  quasi-public  property. 

The  importance  of  this  ruling,  which  estabhshes  a  precedent 
against  the  rights  of  courts  to  force  trade  secrets  into  public 
records,  cannot  be  overestimated. 

Herman  A.  Metz  testified,  on  direct  examination,  that 
the  patents  covering  novocaine,  arsphenamine,  and  neoars- 
phenamine  were  worth  $1,200,000  to  him  and  that  he 
would  have  paid  this  amount  for  them  at  tlie  time  they  were 
sold  to  the  Chemical  Foundation  with  the  other  German- 
owiied  patents  for  .1250,000.  On  cross  examination  by  the 
defense,  Mr.  Metz  admitted  that  without  exclusive  rights  to 
manufacture  (a  condition  which  was  expressly  forbidden  the 
Foundation  under  its  charter)  the  patents  would  have  been 
worthless  to  him  and  he  would  not  have  placed  a  bid  for  them. 
The  attorney  for  the  defense,  Isador  J.  lu-esel,  in  his  cross 
examination  openly  charged  that  Mr.  Metz  was  the  "in- 
visible plaintiff,"  saying: 

The  invisible  plaintiff  which  we  have  claimed  influenced  govern- 
ment officials  to  bring  this  suit  is  no  longer  invisible.  He  is  here, 
we  shall  show  to  the  court,  and  we  shall  prove  that  this  witness 
was  not  only  the  representative  of  the  German  dye  and  chemical 
interests  but  that  he  and  the  interests  he  is  the  agent  for  brought 
about   this  suit. 

Former  Alien  Property  Custodian  A.  Mitchell  Palmer,  the 
first  witness  for  the  defense,  gave  a  dramatic  account  of  the 
fight  conducted  by  President  Wilson,  the  Alien  Property 
Custodian's  Office,  and  the  otlier  agencies  of  the  Government 
chu'ing  the  war  to  break  up  the  hold  Germany  had  on  our 
industrial  life,  and  of  their  efforts  to  insure  to  America  a 
self-contained  chemical  industry  through  the  formation  of 
the  Chemical  Foundation.  The  findings  of  the  Alien  Prop- 
erty Custodian's  Office  showing  the  thorough  way  in  which 
the  Germans  had  insinuated  themselves  into  all  branches  of 
our  industrial  life,  the  measures  taken  to  combat  them,  and 
accounts  of  consultations  with  ex-President  Wilson,  in 
which  he  expressed  a  desire  to  rid  America  once  and  forever 
of  this  menace  to  our  very  life  in  times  of  war,  all  formed 
a  part  of  Mr.  Palmer's  testimony. 

The  testimony  of  Francis  P.  Garvan,  IMr.  Palmer's  suc- 
cessor as  Alien  Property  Custodian,  and  president  of  the 
Chemical  Foundation  since  its  inception,  like  that  of  Mr. 
Palmer  and  Joseph  H.  Choate,  Jr.,  tended  to  show  the  con- 
ditions under  which  the  sale  was  made  to  the  Foundation 
and  the  reasons  of  the  administration  for  placing  these 
patents  in  tru.st  rather  tiian  selluig  them  to  individuals  who 
might  conceivably  ha\-e  established  an  American  monojioly 


to  rejjlace  the  German  monopoly.  The  purpo.ses  f)f  tiie 
Foundation  as  outlined  in  its  charter,  its  carrying  out  of  these 
trusts,  and  accountings  of  its  funds  were  introduced  among 
the  mass  of  evidence  presented  by  these  witnesses.  Ap- 
parently, the  object  of  these  witnesses  was  to  show  that  the 
entire  transaction  was  carried  out  in  good  faith  by  the  previous 
administration  and  that  fraud  was  not  involved,  as  claimed  l^y 
the  Government  in  its  present  suit. 

The  claim  on  which  the  Government  bases  its  suit,  that  the 
■1250,000  paid  for  the  patents  was  absurdly  inadequate,  was 
combated  by  the  defense  in  its  subsequent  testimony.  The 
evidence  presented  by  the  experts  called  by  the  defense  shows 
that  the  mere  possession  of  patents  did  not  constitute  more 
than  a  fraction  of  the  value  of  an  actually  working  process. 
E.  H.  Volwiler,  chief  chemist  of  the  Abbott  Laboratories,  tes- 
tified that  tlie  patents  under  which  his  company  was  licensed 
to  manufacture  medicinals  did  not  contain  completedisclc  isures 
of  the  processes  and  that  his  firm  had  been  forced  to  spend  time 
and  money  in  research  to  bring  these  processes  into  commer- 
cial operation.  Among  others,  he  testified  that  it  had  cijst  his 
company  .135,000  in  research  to  produce  novocaine  commer- 
cially. This  evidence,  as  well  as  that  subsequently  intro- 
duced by  the  defense,  supported  the  idea  expressed  by  the 
counsel  for  the  defense  that  the  salient  part  of  any  process  was 
the  "know  how."  Dm-ing  this  testimony  the  Government 
put  in  a  plea  to  have  the  witnesses  state  in  open  court  just 
what  their  researches  have  shown  was  necessary  to  make 
the  products  commercially.  On  this  point,  Judge  Morris 
ruled  that  the  court  had  no  right  to  force  a  witness  to  reveal 
in  open  court  the  secrets  on  which  his  business  depended,  and 
that  tlris  testimony  could  only  be  taken  under  strictest  con- 
ditions of  secrecy  in  chambers. 

Thomas  W.  Miller,  present  Alien  Property  Custodian,  was 
introduced  for  cross  examination  by  the  defense,  and  his 
testimony  supported  the  contention  of  the  defense  that  if 
the  patents  were  now  returned  to  the  Government  they  would 
probably  be  returned  to  their  former  German  owners  by 
Congress. 

Julius  Stieghtz,  who  acted  as  chairman  of  the  Commit- 
tee on  Synthetic  Drugs  of  the  National  Research  Council 
and  as  adviser  to  the  Federal  Trade  Commission  and  the 
United  States  Public  Health  Service  during  the  war,  was 
placed  on  the  witness  stand  by  the  defense  to  contradict 
e\-idenco  jiresented  by  Herman  A.  Metz  regarding  the  ars- 
plienamine  jiatents.  He  reviewed  the  work  of  the  Pul)lic 
Health  Ser\-ice  and  the  efforts  which  were  made  to  make 
arsphenamine  of  such  purity  as  to  remove  the  possibility  of 
a  repetition  of  such  deaths  as  were  caused  by  its  use  during 
the  war.  This  testimony  and  Mr.  Metz's  replies  have  been 
given  wide  publicitj'  in  the  press. 

Attention  w'as  then  turned  to  the  Haber  patents. 

Charles  L.  Parsons,  former  chief  chemist  of  the  Bureau  of 
Mines,  wiio  went  abroad  as  chemical  engineer  for  the  War 
Department  to  study  the  fixation  of  nitrogen  in  Europe,  and 
a  member  of  the  Nitrate  Commission  during  the  war,  testified 
that  these  patents  did  not  contain  the  information  necessary 
to  work  tlie  processes  but  that  extensi\'e  researches  had  been 
necessary  to  make  them  operate.  His  evidence  was  intro- 
duced to  discredit  the  testimony  of  Karl  Holdermaim, 
of  the  Badische  Company,  that  these  patents  were  worth 
SI 7,000,000.  Alfred  H.  White,  formerly  assistant  chief  of  the 
Nitrate  Division,  and  H.  A.  Curtis,  formerly  of  the  Nitrogen 
Fixation  Laboratory,  both  testified  to  the  same  effect. 

Throughout  the  trial  Judge  Morris  maintained  the 
attitude  that  the  judiciary'  has  no  right  to  review  the  acts 
of  the  executives  under  the  powers  granted  the  President  by 
the  war-time  acts  of  Congress.  The  attorneys  involved  have 
argued  heatedly  and  frequently  throughout  the  progress  of 
the  trial. 
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IN  THE  coniinercial 
production  of  citrio  acid 
from  lemons,  the  acid 
is  i^recipitated  from  the 
clarified  juice  with  calcium 
carbonate,  and  the  calcium 
citrate  formed  is  decom- 
posed with  sulfuric  acid. 
The  calcium  sulfate  is  fil- 
tered off  and  the  citric  acid 
sokition  is  concentrated 
and  crystallized.  Although 
only  two  major  chemical 
reactions   are   involved   in 

the  process,  a  large  number  of  operations  necessitating  careful 
supervision  and  laboratory  control  must  be  carried  out  in  order 
to  secure  acid  complying  with  the  I^harmacopeia  require- 
ments.- 

The  average  ciuantity  of  total  acid  present  in  a  ton  of  lem- 
ons is  70  pounds.  About  85  per  cent,  or  60  pounds,  of  this 
is  obtained  from  the  juice  and  maceration  water.  The  final 
yield  of  crystallized  acid  varies  from  40  to  45  pounds,  showing 
a  loss  during  the  process  of  15  pounds  or  more  per  ton  of  fruit. 

Lemon  juice  has  approximately  the  following  composition: 
fi  per  cent  of  total  acid,  nearly  all  of  which  is  citric;  2  per 
cent  of  sugars,  mostly  invert;  0.3  per  cent  of  protein;  0.4 
per  cent  of  ash;  and  0.8  per  cent  of  imdetermined  matter. 
The  undetermined  matter  consists  largely  of  gummy  and  pec- 
tic  substances. 

Peratoner  and  Scarlata'  have  devised  a  method  of  manu- 
facture in  which  many  of  the  nonaeid  constituents  of  the 
juice  are  precipitated  by  a  mixture  of  alcohol  and  ether. 
At  present,  however,  this  process  is  not  economically  possible 
in  the  United  States.  It  was  thought  that  these  impurities 
might  be  colloidal  and  that  purification  might  be  obtained 
through  dialysis. 

Determination  of  Colloids  in  Lemon  Juice 

A  review  of  the  literature  on  diffusion  and  separation 
of  colloids  from  solution  showed  that  the  most  satisfactory 
membranes  were  made  of  ether-alcohol  collodion.  A  com- 
plete bibliography  of  their  development  is  presented  by 
Bigelow  and  Gemberling. '  Many  other  investigators, 
including  Brown, ^  Bechold,"  Schoep,"  Walpole,*  Fouard,^ 
and  Eggerth,'"  have  dcA-eloped  methods  for  producing  graded 
series  of  membranes  of  definite  permeabilities. 

For  the  determination  of  the  colloids  in  lemon  juice, 
500-cc.  sacs  that  were  impermeable  to  boiled  starch,  made 
from  4  per  cent  collodion  solutions,  were  used.  One  hundred 
cubic  centimeters  of  juice  were  added  to  each  of  two  sacs, 
which  were  placed  in  distilled  water  held  at  90°  to  95°  C. 
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Preliminary  experiments  using  collodion  sacs  in  dialyzing 
lemon  Juice,  followed  by  dialysis  on  a  large  scale  in  an  osmogene 
containing  collodion-impregnated  cloth  membranes,  gave  the  follow- 
ing results: 

(/)  The  small  quantity  of  colloids  present  in  lemon  juice  does 
not  affect  crystallization,  but  the  ash  and  other  nonaeid  constituents 
prevent  satisfactory  crystallization  of  concentrated  fermented  Juice. 

(2)  In  the  presence  of  ash  and  other  impurities,  needle  and  leaflet 
modifications  of  citric  acid  crystals  are  obtained;  upon  the  removal 
of  half  of  the  ash,    characteristic  citric  acid  crystals  are  formed. 

(i)  At  the  concentration  necessary  for  crystallization,  the  mother 
liquor  is  so  viscous  that  the  crystals  cannot  be  separated. 


The  water  was  changed 
every  3  or  4  hours  during  the 
daytime,  and  the  dialysis 
was  continued  until  the 
dialysate  contained  no  acid. 
Tiie  contents  of  the  sacs, 
which  was  colorless,  was 
then  removed  and  evapo- 
rated to  dryness,  and  the 
total  colloids  were  obtained. 
After  ashing,  the  organic 
colloids  were  calculated. 
Duplicate  determinations 
checked  closely. 
The  effect  of  different  methods  of  treatment  and  filtration 
upon  the  colloid  content  of  lemon  juice  is  showir  by  the  re- 
sults given  in  Table  L 


Juice 


Treatment 
Filtered  through  filter  paper;  still 

Same  as  No.  1 ;  dialyzed  at  25°  C. 

Filtered  repeatedly  through  as- 
bestos until  clear 

Filtered  hot  through  paper  with 
2  .S  per  cent  kieselguhr 

Filtered  hot  through  paper  with 

2.5  per    cent    kieselguhr    and 

1.6  per  cent  kelpchar 


Filtered  hot  through  paper  ' 
1.4  per  cent  kieselguhr 

Filtered  hot  through  paper  ' 
2.8  per  cent  kieselguhr 


Total    Organic 
Colloids  Colloids 

%  % 


0.039  0.036 
0  033  0.030 


0 . 02S  0 . 025 
0.027  0.024 


The  colloid  content  of  the  juice  varied  somewhat  with  the 
method  of  pressing  the  fruit,  high  pressures  giving  the  greater 
quantity. 

In  order  to  determine  whether  it  would  be  possible  to 
separate  part  of  the  ash  and  sugars  from  the  citric  acid  in 
lemon  juice  by  fractional  dialysis,  the  follow'ing  experiment 
was  conducted: 

A  sample  of  250  grams  of  fresh  lemon  juice,  containing 
().2  per  cent  of  total  acid,  2.1  per  cent  of  total  sugars,  and 
0.3  per  cent  of  ash,  was  dialyzed.  The  dialysis  was  carried 
on  in  a  beaker  containing  700  grams  of  distilled  water  main- 
tained at  80°  to  90°  C.  At  given  intervals  the  dialysate 
in  the  beaker  was  weighed  and  10  samples  were  remox-cd 
for  analysis.  During  the  course  of  the  experiment,  which 
ran  for  2.5  hours,  water  was  added  to  the  dialysate  to  re- 
place that  which  evaporated.  Table  II  shows  the  results 
of  the  analyses  of  the  samples,  the  total  quantities  dialyzed, 
and  the  total  percentage  dialyzed.  By  plotting  the  per- 
centages against  the  time,  the  curves  in  Fig.  1  are  obtained. 
These  show  that  the  ash  dialyzes  more  rapidly  than  the  acid 
and  sugar  during  the  first  hour,  although  the  difference  is 
not  great  enough  to  offer  a  means  of  removing  part  of  the  ash. 
As  might  be  expected,  the  curves  of  the  invert  sugars  and 
citric  acid  are  practically  the  same. 

Di.iLYsis  OF  Proteins 

As  the  quantity  of  colloids  found  in  the  lemon  juice  was 
less  than  a  third  of  that  of  the  proteins,  it  seemed  that  most 
of  the  protein  was  not  present  in  the  colloidal  state.     Ost- 
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Table  II — Comparative  Rate  of  Dialysis  op  Acid,  Sugars,  and  Ash  o?  Lemon  Juice 


Weight 

of 
Dialysate 


653« 
645" 
640 
575 
555 


In 
Dialysate 

% 
0.50 
O.SO 
1.00 
1.35 
1.55 


-Total  Sugar  as  Invert- 


Samples 
G. 
0.0S5 
0.22 
0.39 
0.62 
0.88 
1.17 
1.50 


Dialyzed 
% 
21.8 
33.4 
46.5 
59.5 


In 
ialysate 

% 
0.16 
0.29 
0.33 
0.47 
0.61 
0.58 
0.64 
0.67 


0.027 

0.076 

0.13 

0.21 

0.30 

0.40 

0.51 


Dialyzed 

% 
20.0 
35.6 
43.9 
60.5 
66.8 
76.1 
77.0 
SO.l 


In 
Dialysate 

% 
0.033 
0.043 
0.053 
0.067 
0.068 
0.070 
0.080 
0.087 


;  added  to  the  dialysate  at  the  end  of  20  minutes,  50  cc.  at  the  end  of  45  minutes,  and  50  ( 


Samples 
G. 
0.006 
0.013 
0.022 
0.033 
0.045 
0.057 
0.070 

)  minutes. 


Dialyzed 
% 

32.4 
40.7 
55.7 
66.7 
68.6 
71.7 
75.1 


wald"  states  that  some  proteins  dialyze  in  acid  solution, 
and  the  folloT\Tiig  experiment  showed  that  this  is  true  of  the 
lemon  protein: 

Two  collodion  sacs  were  filled  with  100  cc.  of  fermented 
concentrated  juice  containing  18.4  per  cent  of  acid  and 
0.62  per  cent  of  protein.  The  sacs  were  placed  in  100  cc. 
of  water,  maintained  at  a  temperature  of  80°  to  90°  C.  for 
5  hours,  and  then  left  over  night  at  room  temperature.  The 
dialysates  were  diluted  to  100  cc.  and  analj'zed,  with  the 
results  sho'UTi  in  Table  III. 


Table  III 

Test  No. 

^ — Dialysate — . 
Acid               Protein 

%                     % 

Acid 
Dialyzed 

Protein 
Dialyzed 

1 
2 

12.7  0.47 

11.8  0.52 

69 
64 

76 
84 

In  order  to  determine  the  effect  of  temperature  and  agi- 
tation of  the  dialysate  on  the  rate  of  dialysis  of  the  acid, 
three  tests  were  made.  In  each,  100  cc.  of  fresh  lemon 
juice,  containing  6.5  grams  of  total  acid,  were  pipetted  into  a 
sac,  which  was  then  placed  in  250  cc.  of  water.  Samples 
of  the  dialj^sate  were  removed  at  intervals,  and  the  total 
amount  of  acid  dialyzed  was  determined.  The  results  are 
sho^Ti  in  Table  IV. 


Tempera- 
Test        ture 
No.        °  C. 

1  20 

2  82 
3"           82 

Table  IV 

30  Minutes 
G.               % 

3^3           si 

3.8              58 

60  Minutes 
G.               % 
2.8            43 
4.5            69 
5.0             77 

120  Minutes 
G,              % 
3.8              58 

These  results  show  that  agitation  increased  the  rate  of 
dialysis  at  82°  C.  about  12  per  cent,  and  that  60  per  cent 
more  acid  dialyzed  in  one  hour  at  82°  C  than  at  20°  C. 

The  combined  dialysates  obtained  in  these  experiments 
were  evaporated  to  about  55  per  cent  acid.  The  thick  sirup 
obtained  did  not  crystallize,  even  after  it  was  seeded  with 
fine  citric  acid  crystals  and  allowed  to  stand  for  several  weeks. 

In  the  next  test  3  liters  of  fermented  juice  which  contained 
only  a  trace  of  sugar  were  dialyzed.  Concentrating  the  di- 
alysate to  68  per  cent  acid  gave  a  thick  sirup,  which  crystal- 
lized after  standing  for  a  week.  The  liquor  from  these  crys- 
tals, however,  was  so  thick  that  it  was  only  partiaDy  sepa- 
rated on  a  Biichner  funnel.  Upon  attempting  to  wash  with 
ice  water,  some  of  the  crystals  dissolved  and  only  part  of 
the  adhering  sirup  was  removed.  After  filtering  ■ndth  char- 
coal three  recrystaUizations  were  requii-ed  before  pure  white 
crystals  were  obtained. 

OSMOGENE  AND  MEMBRANE 

To  facilitate  work  upon  a  larger  scale,  a  small  osmogene 
of  13  frames,  25  cm.  square,  was  used.  In  order  to  save  the 
lemon  juice  dialysate,  a  countercurrent  arrangement,  where- 
by the  lemon  juice  passed  through  the  even-numbered  frames 
and  the  water  or  dialysate  flowed  in  the  opposite  direction, 
through  the  odd-numbered  frames,  w-as  adopted.  In  this 
manner,  by  regulating  the  flow  and  emplojing  enough 
frames,  the  dialysate  should  leave  the  osmogene  at  the  same 

"  "Handbook   of   Colloid    Chemistry,"   p.    270. 


acid  strength  as  that  of  the  juice  entering.    Both  the  juice 
and  dialysate  water  were  heated  to  about  90°  C. 

Although  parchment  paper  has  been  used  in  the  sugarhouse 
osmogenes,  it  was  found,  after  testing  the  best  grades  ob- 
tainable, that  the  life  of  the  paper  was  too  short  and  that  the 
speed  of  dialysis  was  much  too  slow.  Walpole,*  Brown,' 
Hatschek,'-  and  others  have  experimented  with  sheet  col- 
lodion and  coUodion-impregnated  cloth  and  paper.  Many 
methods  of  preparing  membranes  were  tried  in  order  to  find 
one  that  would  be  satisfactory. 

Table  V — Concentrated  Dulysates 


Composition 

Ratio  ok 

Final 

TO 

. Per  cent . 

^Original  Cc 

NCENTF 

\TION — . 

Determination 

Lot  1     Lot  2     Lot  3 

Lot  1     Lot  2 

Lot  3 

Average 

Acid 

66.91     67.3       66.11 

11.9     12.0 

11.7 

11.9 

Ash 

5.20       4.90       4.64 

14.9     14.0 

13.3 

14.1 

1.05       1.13       1.15 

13.1     14.1 

14.4 

13.9 

Protein 

2.31       2.06       2.25 

12.1     10.8 

11.8 

11.6 

Undeterm 

ined 

10.91      10.07       9.92 

12.8     11.8 

11.7 

12.1 

The  best  membrane  was  obtained  by  moistening  cambric 
or  long  cloth  with  alcohol,  dipping  it  in  4  per  cent  collodion 
solution,  and  drjing  until  it  began  to  curl.  The  time  of 
drying  was  25  minutes  at  a  room  temperature  of  18°  C, 
20  minutes  at  23°  C,  and  15  minutes  at  27°  C.  This  mem- 
brane was  impermeable  to  boiled  potato  starch  when  tested 
with  lemon  juice  containing  about  0.1  per  cent  of  the  starch 
and  held  at  85°  C.  The  rate  of  acid  dialysis  through  it  was 
about  80  per  cent  of  that  of  a  coUodion  sac  and  double  that 
of  parchment  paper.  It  will  last  several  times  as  long  as  the 
parchment  paper,  the  danger  of  breaking  being  eliminated. 


'^rr^^'^ 

' 

^ 

^''.. 
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^ 

■  ^-LMd. 

/ 

f  ■ 

0 

f 

('  k 

/ 

\  1 

Im 
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Dialysis  in  Osmogene 

One  hundred  and  fifty-five  gallons  of  lemon  juice  were 
fermented  until  onlj'  O.OS  per  cent  of  sugars  remained,  gi\'ing 
a  product  of  the  following  composition: 

Per  cent 

Total  solids  7.49 

Total  acid  as  citric  6 .  02 

Fixed  acid  as  citric  5.63 

Total  ash  0.35 

Protein  (N  X  6.25)  0.19 

Invert  sugar  0.08 

Undetermined  0.85 

'=  "Laboratory    Manual    of  Elementary   Colloid   Chemistrj',"   pp.   25 
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Table  VI — Composition  of  Concentrated  Lemon  Juice  before 

AND  AFTER 

:  Alcoholic  Prei 

Lot  3a , 

After 

DIPIT.ITION 

Before 

After 

Before 

After 

. ] 

Before 

Before 

Lot  O2 

After 

Determination 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

Per  cen 

Total  solids 

86.4 

81.7 

85.4 

81.5 

84.7 

81.4 

S4.9 

S3.S 

Acid 

66.9 

64.0 

67.3 

62.2 

68. 2 

67.6 

03.0 

06 . 9 

Total  sugars 

1.0.5 

0.S6 

1.13 

0.75 

1.00 

1.  14 

Protein 

2.31 

1.81 

2.06 

1.83 

1.63 

2!l9 

Ash 

5.20 

1.80 

4.90 

2.30 

4'S9 

1.66 

5 '34 

2.35 

Undetermined 

10.0 

13.2 

10.1 

14.4 

9   5 

11.2 

SoUds  less  acid 

19. 5 

17.7 

18.1 

19.3 

16.5 

13. S 

21 '9 

16!9 

Per  cent  acid 

Per  cent  solids 

77.4 

7S.3 

78.8 

76.3 

80.5 

•  83.0 

74  2 

79. S 

Per  cent  ash 

Per  cent  acid 

7.S 

2.8 

7.3 

3.7 

7.2 

2.3 

8.3 

3.5 
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Three  lots  of  this  fermented  juice  were  put  through  the 
osmogene. 

Lot  1,  consisting  of  97  liters  of  uufiltered  but  nearly  clear 
juice,  was  dialyzed  for  84  hours,  although  the  juice  and 
water  were  actually  in  motion  only  21  liours.  Ninety- 
three  liters  of  dialyzed  juice  having  an  acid  content  of  3.6 
per  cent  and  132  liters  of  dialysate  having  1.9  per  cent  acid 
were  collected.  WhOe  the  fluids  were  in  motion,  a  flow  of 
approximately  6  liters  per  hour  was  necessary  to  maintain 
a  temperature  of  80°  C.  As  the  total  area  of  the  12  mem- 
branes was  but  0.75  square  meter,  four  times  this  area  would 
be  required  at  the  same  rate  of  flow  to  yield  a  dialysate 
of  6  per  cent  acid.  An  osmogene  of  50  frames,  90  cm.  square, 
would  deliver  75  liters  per  hour  of  dialysate  of  approximately 
the  same  acid  strength.  This  dialysate  was  evaporated  in 
a  40-gallon  vacuum  pan  to  6  kg.,  filtered,  and  evaporated  on 
a  water  bath,  below  85°  C,  to  appro.ximately  67  per  cent  acid. 
It  was  then  allowed  to  crystallize. 

Lot  2  was  put  through  in  a  similar  way,  except  that  the 
membranes  used  in  the  osmogene  were  di-ied  for  5  minutes 
at  room  temperature.     The  dialysate  was  slightly  turbid. 

Lot  3,  consisting  of  82  liters  of  fermented  juice  which  had 
been  concentrated  to  16.4  per  cent  acid  content,  was  di- 
alyzed. In  order  to  check  the  evaporations  made  in  the 
vacuum  pan  where  unavoidable  overheating  occurred,  5 
liters  of  this  lot  were  evaporated  directly  on  the  water  bath 
at  70°  C.  to  67  per  cent  acid  content.  This  lot  is  designated 
in  Table  ^'I  as  3a. 

Ceystallization  of  Concentrates 

Very  small  needle  crystals  with  blunt  ends  appeared  in 
two  days  in  Lots  1,  2,  and  3,  and  at  the  end  of  10  days  the 
tliick  viscous  sirups  were  completely  filled  with  the  needle 
crystals.  These  crystals  were  not  pointed,  but  had  a  col- 
umnar shape  whoUy  unlike  the  characteristic  citric  acid 
crystals,  which  are  rhombic  prisms.  The  same  difficulty 
was  experienced  in  trying  to  separate  the  crystals  as  in  the 
experiments  on  a  laboratory  scale.  The  concentrated 
liquors  were  so  viscous  that  it  was  impossible  to  separate 
and  wash  them. 

In  order  to  determine  whether  crystals  could  be  obtained 
from  less  concentrated  liquors,  samples  were  removed  from 
Lots  1  and  2,  and  water  w^as  added  to  give  concentrations  of 
acid  ranging  from  52  to  62  per  cent.  After  seeding  and 
standing  for  6  weeks,  the  more  higlily  concentrated  samples 
were  tilled  with  crystals,  about  half  needle-shaped  and  half 
rhombic  prisms.  The  other  samples  contained  a  few  crystals, 
some  characteristic  types,  but  largely  needle-shaped.  Evap- 
oration had  taken  place  until  65  per  cent  of  acid  was  present. 
These  results  show  that  large  quantities  of  crystals  wfll  not 
form  below  a  65  per  cent  concentration,  and  that  this  concen- 
tration is  too  great  to  permit  separation  of  the  crystals  from 
the  heavy  sirup  produced. 

After  13  days.  Lot  3a  was  filled  with  very  smaU  rhombic 
prisms,  the  mother  liquor  containing  65  per  cent  acid.  The 
crystals  were  dissolved  in  a  little  water  and  allowed  to  re- 


crystallize.  The  crystals  formed  were  neither  rhombic 
prisms  nor  needles,  but  were  of  an  irregular  shape  resembluig 
leaflets.  Upon  a  second  crystallization,  needle  crystals  were 
formed.  When  some  of  the  mother  liquor  from  the  leaflets 
was  touched  on  the  microscopic  shde,  fine  needle  crystals 
were  formed.  After  a  thu'd  crystallization,  about  two- 
thu'ds  needles  and  one-third  characteristic  citric  acid  crystals 
were  present.  Leaflet  crystals  were  formed  on  the  fourth 
crystaUization,  and  on  the  fifth  crystallization  rhombic 
prisms,  with  a  few  needles.  Because  of  the  minuteness  of 
the  crystals  and  their  intimate  mixture  with  the  sirup,  at- 
tempts to  separate  them  on  the  microscopic  slide  and  to 
identify  them  chemically  were  unsuccessful.  Considering 
the  large  ciuantities  formed  each  time,  there  is  little  doubt, 
however,  that  both  the  neecUe  and  leaflet  crystals  are  citric 
acid.  These  modifications  probably  are  produced  by  the 
large  proportions  of  ash,  protein,  and  undetermined  matter 
present. 

Crystallization  of  Clarified  Juice 

In  order  to  determine  whether  fermented  juice  treated 
with  kieselguhr  would  crystallize  as  well  as  or  better  than  the 
dialyzed  juice,  thi-ee  lots  (Oi,  0-2,  and  O3)  containing  19.2 
per  cent  of  acid,  were  treated  with  kieselguhr,  evaporated, 
and  allowed  to  crystaUize.  Results  similar  to  those  obtained 
with  Lots  1,  2,  and  3  were  secured.  Needle,  leaflet,  and 
rhombic  crystals  were  again  produced.  Upon  seeding  these 
samples  with  citric  acid  crystals,  growths  of  needle  crystals 
started  on  the  seeding  crystals  and  developed  in  size  until 
they  were  as  large  and  of  the  same  shape  as  the  needle  crys- 
tals previously  formed. 

Recrystallization    after    Rejio\"al    of    Alcohol 
Precipitate 

Samples  of  about  30  grams  removed  from  Lots  1,  2,  3a, 
and  O2  were  made  to  200  cc.  with  95  per  cent  alcohol,  and  the 
heai-y  precipitate  was  filtered  off.  The  filtrate  was  evap- 
orated to  a  sirupy  consistency,  100  cc.  of  water  were  added, 
and  the  solution  was  evaporated  to  about  65  per  cent  acid. 
After  cooling,  the  material  was  seeded  with  citric  acid  crys- 
tals. At  the  end  of  8  days.  Lots  1  and  2  were  filled  and  Lots 
3a  and  O2  were  partially  filled  wdth  crystals.  No  needle  or 
leaflet  crystals  were  present.  All  were  higlily  viscous, 
so  that  it  was  impossible  to  separate  the  crystals.  Table 
VI  shows  the  analyses  of  these  lots  before  and  after  alcoholic 
precipitation. 

The  results  show  that  more  than  half  of  the  ash  and  small 
quantities  of  the  sugars,  protein,  and  acid  were  removed 
by  the  treatment.  The  proportion  of  ash  to  acid  was  lowered 
from  an  average  of  7.7  to  3.2  per  cent.  The  excessive 
amount  of  ash  present  before  alcoholic  treatment  with  the 
other  nonacid  constituents  probably  produced  the  needle 
and  leaflet  crystals.  The  process  of  Peratoner  and  Scaiiata^ 
doubtless  removes  a  large  proportion  of  the  ash.  These 
results  also  agree  with  those  obtained  in  the  dialysis  of  mo- 


778 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  8 


las.sjes  where  the  e.xcessive  amount  of  salts  prevents  crys- 
tallization of  cane  sugar. 

Commercial  Acid  Liquors 

In  order  to  compare  the  composition  of  the  citric  acid 
liquors-  obtained  in  this  investigation  with  that  of  the  con- 
centrated mother  liquors  produced  in  citric  acid  factories, 
two  samples  taken  from  lead  crystallizing  pans  were  ana- 
lyzed. Sample  1  came  from  a  pan  containing  liquor  that  had 
been  reworked  four  times.  This  means  that  the  mother 
liquor  had  been  removed  from  a  batch  of  crystals,  mixed 
with  some  fresh  acid  liquor,  reduced  to  38°  Baum6,  and  al- 
lowed to  crystallize.  This  was  repeated  four  times,  so  that 
Sample  1  contains  an  accumulation  of  salts,  sulfuric  acid, 
and  other  impurities  from  five  lots  of  acid  liquor.  Samjjle 
2  had  been  reboiled  three  times.  After  liquors  have  been 
reworked  more  than  three  or  four  times,  they  yield  such  poor 
crops  of  crystals  that  it  is  customary  to  return  them  to 
the  neutralizing  tanks  and  recover  the  acid  as  citrate  of  lime. 
The  composition  of  these  samples  was  as  follows: 


Total  solids 

Ash 

Total  acid  as  citric 

Undetermined 


74.09 
3.01 

67.81 
3.27 


Sample 

% 
72.48 

4.08 
65.29 

3.11 


A  determination  of  total  sulfates  indicated  that  about 
3  per  cent  of  the  total  acid  was  sulfuric.  These  results  show 
that,  for  approximately  the  same  acid  content,  the  dialyzed 
liquors  (Table  V)  contain  over  10  per  cent  more  of  total 
solids  than  the  factory  liquors  made  by  the  dcconiposition 
of  calcium  citrate  with  sulfuric  acid.  The  factory  liquors 
had  such  a  low  viscosity  that  the  crystals  could  be  readily 
removed  and  washed.  The  quantity  of  ash  present,  to- 
gether with  the  small  quantities  of  other  constituents,  is  not 
great  enough  to  prevent  crystallization. 
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The  amount  of  alcohol  precipitate  is  not  a  reliable  measure  of 
effective  pectin,  as  shown  by  comparisons  of  pectin  solutions  prepared 
in  the  open  kfitiles  and  in  an  autoclave. 

Determinations  based  upon  jellying  power  give  the  only  satis- 
factory means  of  estimating  effective  pectin  content  at  present 
known  to   us. 

Citrus  pectin  extracts  prepared  in  an  autoclave  at  5  pounds 
pressure  for  30  minutes  had  25  per  cent  less  jellying  power  than  sim- 
ilar extracts  prepared  in  the  open  l^ettle. 

The  addition  of  acid  in  open-kettle  extractions  of  orange  peel 
produced  an  extract  of  about  100  per  cent  greater  jellying  power 
than   when  no  acid  Was  used. 


The  Relation  of  Alcohol  Precipitate  to  Jellying  Power  of 

Citrus  Pectin  Extracts' 

By  Ruth  Johnstin  and  Minna  C.  Denton 

OppiCE  OP  Home  Economics,  U.  S.  Department  op  Agriculture,  Washington,  D.  C. 

filtered  through  cloth. 
The  combined  filtrates 
amounted  to  600  grams. 

Extracting  in    the  auto- 
clave required  considerable 
study  before    a   procedure 
was   adopted    which    gave 
solutions  that  were  consid- 
ered comparable  with  those 
prepared  in  the  open  kettle. 
If  pectins  are  unstable  at 
the  temperature  of  boiling 
water,  it  seems  reasonable 
to  suppose  that  they  would 
be   less  stable   at    higher   temperatures.     However,  if  the 
heating  period    could   be  shortened,    something    might    be 
gained  by  extracting  in  an  autoclave.      This  idea  seemed 
to  be  substantiated   by   the  fact   that   autoclave  extracts 
always  gave  a  higher  weight  of  alcohol  precipitate  than  sim- 
ilar ones  prepared  in  the  open  kettle. 

By  reducing  the  proportion  of  water  and  opening  the  pet- 
cock  during  cooling,  it  was  possible  to  effect  a  concentration 
on  the  pomace  equal  to  that  obtained  in  the  open-kettle  proc- 
ess. Three  extractions  were  made  in  every  case,  using  330 
cc.  of  water  to  226.7  grains  of  peel.  The  combined  filtrates 
amounted  to  600  grams.  Extractions  were  made  with  pres- 
sures varying  from  3  to  20  pounds  and  heating  periods  ranging 
from  10  to  40  minutes.  Although  there  are  several  refer- 
ences in  the  literature  to  the  use  of  the  autoclave  in  making 
pectin  extracts,  which  suggest  its  use  as  a  means  of  increasing 
pectin  yield,  yet  in  no  case  has  it  been  possible  to  prepare 
by  this  method  a  pectin  solution  which  had  as  great  jelly- 
ing power  as  comparable  extracts  obtained  by  open-kettle 
heating. 

Fellenberg-  called  attention  to  the  fact  that  protopectin 
changes  to  pectin  more  rapidly  in  acid  than  in  neutral  solu- 

2  Biochem.    Z..   85,    118    (1918). 


IN  ORDER  to  ascertain 
whether  a  relationship 
could  be  established 
between  the  pectin  content, 
as  determined  by  the  usual 
alcohol  precipitation  meth- 
od, and  the  jellying  power, 
a  study  has  been  made  of  a 
large  number  of  pectin  ex- 
tracts prepared  from  the 
white  peel  of  citrus  fruits. 

The  work  has  involved  the 
consideration  of  such  details 
as    the  preparation   of  the 

peel,  the  proportion  of  water  to  jieel,  the  number  of  extrac- 
tions, the  methods  of  filtration,  concentration,  and  storage 
of  the  extracts,  and  their  use  in  combination  with  different 
fruits  and  fruit  juices  in  the  making  of  jams  and  jellies.  The 
results  have  showm  that  it  is  possible  to  prepare  fairly  con- 
centrated pectin  solutions  from  citrus  peel,  which  can  be 
used  for  making  clear,  transparent  jellies  without  subjecting 
the  extracts  to  a  process  of  purification. 

The  investigation  has  been  confined  to  a  study  of  pectin 
solutions  prepared  in  the  open  kettle  and  in  the  autoclave, 
with  and  without  the  addition  of  acid. 

Extraction 

The  method  of  procedure  adopted  in  this  series  of  experi- 
ments for  open-kettle  cooking,  was  as  follows:  226.7  grams 
of  ground,  white  peel  of  oranges  were  extracted  three  times, 
using  a  liter  of  distilled  water  for  each  extraction.  The  heat- 
ing was  carried  on  in  shallow  pans  of  such  a  size  that  a  con- 
centration to  about  one-half  the  original  volume  could  be 
accomplished  in  less  than  20  minutes.    The  material  was 

J  Presented  before  the  Division  of  Agricultural  and  Food  Chemistry  at 
the  65th  Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn., 
April  2  to  7,  192.1,  under  the  title,  '■Experimental  Studies  of  Citrus  Pectin 
Gels    • 
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tion.  The  writers  had  observed  that  lemon  peel,  which 
has  a  natural  total  acidity  two  to  four  times  Kreatin-  than  that 
of  orange  peel,  is  always  much  more  coniiilctcly  disintegrated 
at  the  end  of  the  extraction  process.  In  \i('w  of  Fellenberg's 
statement,  it  seemed  that  the  more  thorough  breaking-  up 
of  the  tissue  might  be  due  to  the  greater  acidity  of  the  lemon 
])eel.  With  this  idea  in  mind,  a  series  of  experiments  was 
conducted  similar  to  the  ones  just  described,  with  the  excep- 
tion that  0.1  N  citric  acid  was  used  instead  of  distilled  water. 
Comparisons  of  the  extracts  prepared  by  these  different 
methods  were  based  upon  results  obtained  with  the  same  lot 
of  citrus  fruit.  This  precaution  was  necessary  since  the 
l)ectin  content  varies  within  wide  limits  depending  upon  the 
variety  and  maturity  of  the  fruit. 

Determin.a.tion  of  Pectin  Content 

The  pectin  content  of  these  extracts  was  determined  di- 
rectly by  the  alcohol  precipitation  method  and  indirectly 
by  measuring  their  jellying  power  or  the  amount  of  extract 
required  to  form  a  jelly  with  a  definite  weight  of  .sugar  and 
acid. 

Neither  of  these  methods,  as  at  present  applied,  can  be  re- 
garded as  entirely  satisfactory.  The  alcohol  precipitation 
method  gives  widely  differing  results  with  the  same  extract, 
depending  upon  variations  in  manipulation.  Alcohol  also 
precipitates  substances  other  than  pectin,  such  as  vegetable 
gums  and  hemicelluloses.  The  Camjjbell  alcohol  methoil 
gives  consistently  higher  results  than  the  method  adopted 
in  these  experiments,  which  involves  two  precipitations. 

Estimations  of  pectin  content  based  upon  jellying  power 
are  subject  to  error  because  of  the  lack  of  a  definition  of 
what  constitutes  a  jelly  and  of  a  standard  method  of  measur- 
ing gel  strength.  In  making  use  of  this  method  an  arbitrary 
standard  had  to  be  selected  for  the  sake  of  comparison,  as 
has  been  done  by  other  investigators.  The  details  of  the 
jirocess  were  as  follows:  A  series  of  four  to  six  jellies  was 
made  with  each  pectin  solution,  using  S4  grams  of  sugar, 
amounts  of  pectin  extract  ranging  from  20  to  80  gram, 
enough  1  A"  citric  acid  to  bring  the  total  acidity  to  1.3 
grams,  and  enough  distilled  water  to  bring  the  volinne  to 
1.50  cc.  The  mixture  was  then  concentrated  by  boiling 
to  104°  C,  weighed,  and  poured  into  molds  1.25  inches 
deep  and  2.75  inches  in  diameter.  The  weight  of  jelly  at 
the  concentration  of  104°  C.  was  usually  140  ±0.5  grams. 
The  jellies  therefore  contained  60  per  cent  sugar  and  0.9 
per  cent  total  acidity.  The  molds  were  loosely  covered  and 
allowed  to  stand  24  hours  at  room  temperature  before  being 
turned  out. 

The  standard  gel  was  one  barely  stiff  enough  to  retain  its 
shape  when  removed  from  the  mold,  aud  it  gave  no  immediate 
evidence  of  syneresis.  The  member  of  each  series  which 
corresponded  to  this  standard  was  selected,  and  the  amount 
of  pectin  extract  which  had  been  used  in  this  jelly  was  taken 
as  a  measure  of  jellying  power  of  the  extract. 

Table  I — Results  with  Orange  Pectin  Extracts  Prepared  in  Open 
Kettle  and  Autoclave 

Acid  in  Extract  Grams     Grams 

.'ilcohol       Extract  Used  in   of  Jelly  of  Jelly 

Precipitate  (Calcd.  as     Sugar  Making       per  per 

Serial  in  Extract      Citric)       in  Jelly    Jelly  Gram  of  Gram  of 

No.  Method  %  %  G.  O.       Extract      Peel 

150  Open  kettle  0.347  0.07  S4  70  2.0  5.2 
Distilled  water 

151  Open  kettle  0.890  1.90  84  27  5.2  13  7 
0.1  .V  acid 

154      Autoclave  5  0.565  0.0.57  S4  90  1.5  3.9 

lbs.  30  min. 
Distilled  water 
1.55      Autoclave  5  0.960  1.270  S4  60  2.3  6.0 

lbs.  30  min. 
0 . 1  iV  acid 

152  Autoclave  20         1.690  0.120  84  90         No  jelly      ... 

lbs.,  30  min. 
Distilled  water 
1.53      Autoclave  20        1,770  1 .  .52  84  70         No  jelly      ... 

Ihs.,  30  min. 
0.1  a;  acid 


Table  I  gives  the  results  obtained  in  one  series  of  experi- 
ments with  orange  j^ectin  extracts. 

A  comparison  of  the  figures  in  Columns  3  and  7  shows  the 
disagreement  between  the  quantity  of  alcohol  precipitate 
and  jellying  power.  Heating  in  the  autoclave  increases  the 
amount  of  soluble  matter  in  the  extracts,  yet  when  subjected 
to  a  jellying  test  these  extracts  prove  to  be  quite  deficient 
in  jellying  properties.  Extracts  in  other  series  prepared  at 
10  and  15  pounds  pressure  for  the  same  and  shorter  periods 
of  time  were  similar  in  jelly-making  strength  to  Nos.  152 
and  153. 

Doubtless,  the  instability  of  the  pectin  bodies  at  the  high 
temperatures  in  the  autoclave  accounts  for  these  results. 
It  seems  likely  that  the  alcohol  precipitate  in  this  case  con- 
sists chiefly  of  partially  decomposed  pectins,  pectic  acid,  and 
possibly  some  hemicelluloses,  which  do  not  contribute  to 
the  jellying  properties.  The  temperature  reached  in  the 
ordinary  process  of  making  jelly  from  the  pectin  extracts 
(104°  C.)  seemed  to  bring  about  practically  no  destruction 
of  pectin.  Determinations  of  alcolK.il  precipitate  in  jellies 
made  according  to  the  formula  pre\iuusly  mentioned,  agreed 
very  closely  with  the  value  calculated  from  the  amount  of 
pectin  extract  used. 

Effect  of  Acid 

The  favorable  eft'ect  of  acid  in  extracting  orange  pectin  is 
shown  in  Table  II,  which  gives  results  of  two  series  of  ex- 
periments. 


Acid  in  Extract  Grams  Grams 

Alcohol  Extract  Sugar   Used  in  of  Jelly  of  Jelly 

Precipitate  (Calcd.  as      in      Making  per  per 

Serial                                in  Extract  Citric)  Jelly       Jelly  Gram  of  Gram 

No.           Method              %  %  G.           G.  Extract  of  Peel 

125       Open  kettle           0.82  0.09  84            40  3.50  9,2 

Distilled  water 

138  Open  kettle          0.79  0.085  84           40  3.48  9.1 
Distilled  water 

124       Open  kettle           1.30  1.70  84            20  7.0  18.0 
0.1  N  acid 

139  Open  kettle           1.24  1    24  84            20  7.0  18.0 
0.1  iV  acid 

It  will  be  observed  that  in  these  extracts  prepared  with  acid, 
increase  in  alcohol  precipitate  is  accompanied  by  increasing 
jellying  power,  although  not  exactly  in  the  same  proportion. 
The  fact  that  the  acid  extracts  have  100  per  cent  greater 
jellying  power  whereas  the  alcohol  precipitate  shows  an  in- 
crease of  only  about  75  per  cent  over  the  distUled  water 
extracts,  seems  to  indicate  that  in  the  presence  of  acid  not 
only  is  a  larger  cjuautity  of  pectin  produced,  but  likewise  a 
more  effective  pectin  as  regards  jellying  power. 

The  effect  of  acid  on  lemon  peel  extracts  is  not  so  marked, 
probably  because  of  the  greater  natural  acidity  of  the  lemon. 
Lemon  extracts  in  general  contained  a  smaller  percentage 
of  alcohol  precipitates;  yet,  their  jellying  power  averaged 
about  20  per  cent  higher  than  that  of  the  average  orange 
peel  extracts.  This  seems  to  be  due  to  a  difference  in  kind 
rather  than  in  amount  of  pectin  present. 

Other  Factors  Influencing  Jellying  Power 

To  what  extent  the  jellying  property  of  these  pectin  ex- 
tracts is  affected  by  the  foreign  matter  present,  it  is  impossible 
to  say.  Pectin,  as  determined  by  the  method  used  in  these 
experiments,  represents  a  very  small  percentage  of  the  total 
solids  extracted,  and  it  is  not  unlikely  that  the  other  sub- 
stances present  may  affect  the  character  of  the  gel. 

It  seems  very  probable  also,  in  view  of  the  recent  work  of 
Tarr,^  that  the  apjjarent  variations  in  jellying  power  may  be 
due  in  part  to  differences  in  the  hydrogen-ion  concentrations 
of  the  gels.  Even  though  the  total  acidity  was  kept  at  a  con- 
stant value,  there  may  have  been  consiclerable  difference  in 
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hydrogen-ion  concentration  due  to  the  buffer  effect  of  other 
substances  in  solution. 

FeOenberg-  mentions  the  fact  that  the  viscosity  of  pectins 
decreases  with  decreasing  metho.xyl  content.  In  this  con- 
nection it  may  be  of  interest  to  note  that  the  acid  pectin 
extracts  of  high  jelhing  power  had  greater  \-iscosity  than  did 
autoclave  extracts  in  wliich  the  jelljong  properties  were 
greatly  reduced. 

CONCLUSIOX 

The  true  explanation  for  the  discrepancies  which  have  been 
])ointed  out  involves  a  knowledge  of  the  pectin  bodies  both 
as  regards  their  constitution  and  their  colloidal  nature, 
which  at  present  is  not  available. 


As  a  result  of  unfinished  tests  with  purified  pectins,  the 
writers  concluded  that  quantitative  relations  in  sugar-pectin- 
acid  gels  cannot  be  correctly  interpreted,  nor  can  any  great 
advance  be  made  in  the  study  of  the  colloidal  properties  of 
these  solutions  until  there  are  available  for  careful  experi- 
mentation pectins  of  a  high  degree  of  puritj-  and  of  well- 
defined  composition. 

When  the  relation  of  jeUj-ing  power  to  composition  is  once 
established,  a  very  satisfactory  method  of  estimating  effec- 
tive pectin  content,  based  upon  jeUjing  power,  can  be  de- 
veloped. Such  a  method,  to  be  capable  of  general  appli- 
cation, vnR  require  an  accurate  device  for  measuring  gel 
strength  under  carefuUj'  standardized  conditions. 


Jellying  of  Sorghum  Sirup' 

Effect  of  Malt  Diastase  upon  the  Filtration  of  Sorghum  Juice 

By  Sidney  F.  Sherwood 
Offics  of  Sug.\r  Plant  Invkstigations,  Bureau  op  Plant  Industry,  Washington,  D.  C. 


THE  cause  of  jellying 
of  sorghum  sirup,  a 
characteristic  well 
known  to  manufacturers, 
has  not  yet  been  explained. 
Although  much  of  the  sirup 
produced  seems  to  have  no 

jell>ing  characteristic?;  jellj-ing  may  occur  at  any  tune, 
ordinarily  becoming  manifest  either  immediately  after  the 
finished  sirup  has  become  cold  or  after  the  cold  sirup  has 
been  stored  for  some  time.  Jellied  sirup  varies  from  a 
slightly  slimy  material  to  a  gelatinous  semisohd  resembling 
ordinary  table  jelly  prepared  from  fruit  juices.  Sirup  of  this 
character  is  highly  unsatisfactory  to  both  the  dealer  and 
the  consumer. 

J^Iany  of  the  sirups  made  from  different  varieties  of  sweet 
sorghum  in  connection  with  some  breeding  experiments  and 
varietal  tests  on  sweet  sorghums  conducted  by  this  laboratory 
(project  in  charge  of  H.  B.  Cowgill,  agronomist,  under  the 
direction  of  C.  0.  Townsend,  pathologist  in  charge  of  office), 
had  a  jelly-like  consistency.  The  starch  content  of  15 
samples  of  juice  expressed  from  15  varieties  of  sorghum 
at  maturity  varied  from  0.142  per  cent  (1.3  pounds  per  100  gal- 
lon of  juice)  to  0.852  per  cent  (7.8  pounds  per  100  gallon),  with 
an  average  of  0.366  per  cent  (3.3  pounds  per  100  gallon).^ 
Starch  seems  to  be  largely  responsible  for  the  jellying  pro- 
pensity and  for  the  extreme  difficulty  hitherto  experienced 
in  filtering  sorghum  juice,  especially  after  it  has  been 
heated.  Apparently,  preliminary  treatment  of  the  juice 
with  small  quantities  of  malt  diastase  greatly  increases  the 
rate  of  filtration  and  prevents  jellying. 
Experimental 

Freshly  ground  malt  was  mixed  with  water  in  the  proportion 
of  25  grams  to  200  cc,  stirred  frequently  during  1  hour,  and 
filtered  through  filter  paper.  The  resulting  extract  was  per- 
fectly clear.  A  Biichner  funnel,  6  inches  in  diameter,  was  fit- 
ted mth  a  single  thickness  of  closely  woven  cotton  cloth,  which 
was  then  faced  with  a  layer  of  kieselguhr  approximately  2 
mm.  thick.  The  juice  was  kept  thoroughly  stirred  while 
being  poured  on  the  filter,  so  as  to  build  up  an  even  cake,  and 
vacuum  was  maintained  at  a  closely  constant  rate  for  aU 
runs. 
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Starch  seems  to  be  largely  responsible  for  the  Jellying  of  sorghum 
sirup  and  for  the  extreme  difficulty  in  filtering  sorghum  Juice,  espe- 
cially after  it  has  been  heated.  Preliminary  treatment  of  the  Juice 
with  malt  diastase  greatly  increases  the  rate  of  filtration  and  pre- 
vents the  'jellying"  of  the  finished  sirup. 


The  following  sirups  were 
prepared  from  juice  from 
Silver  Top,  Folger's  Earlj-, 
Sugar  Drip,  Early  Rose, 
Early  Amber,  and  Red 
Amber  sorghum,  grown  at 
ArUngton  Farm,  Va.,  in 
1922.  The  quantity  of  starch  in  the  juice  was  not  deter- 
mined, but  aU  the  juices  gave  a  positive  reaction  with  iodine, 
and  when  preserved  with  mercuric  cliloride  and  allowed  to  set- 
tle exhibited  in  the  setthngs  a  starch  layer  or  band.  The 
tables  are  based  upon  nine  series  of  determinations  and  the 
results  are  in  entii'e  agreement  with  similar  investigations 
made  in  previous  seasons. 

Smup  A — Approximately  900  cc.  of  juice  plus  1  ounce  of  kiesel- 
guhr (.3  per  cent  by  weight),  heated  to  98°  C,  and  filtered  at 
once. 

Sirup  B — .Approximately  900  cc.  of  juice  plus  1  ounce  of  kiesel- 
guhr, stirred,  and  filtered  at  once  without  heating. 

Smup  C — Approximately  900  cc.  of  juice  heated  to  98°  C, 
cooled  to  40°  C,  10  cc.  of  malt  extract  added,  permitted  to  stand 
for  1  hour,  1  ounce  of  kieselguhr  added,  and  filtered  at  once. 

Sirup  D — Approximately  900  cc.  of  juice  heated  to  98°  C, 
cooled  to  40°  C,  10  cc.  of  malt  extract  added,  permitted  to  stand 
for  1  hour,  1  ounce  of  kieselguhr  added,  heated  to  98°  C,  and 
filtered  at  once. 

Sirup  E — Identical  with  Sirup  D,  except  that  20  cc.  of  malt 
extract  was  used. 

The  rate  of  filtration  of  these  juices  is  shown  in  Fig.  1. 

The  effect  of  the  diastase  upon  starch  in  the  juice  was  in- 
vestigated further  by  adding  ordinary  cornstarch  to  juice  ob- 
tained from  Early  Rose  and  Red  Amber  sorghum.  Starch 
was  added  at  the  rate  of  15  grams  per  gallon  (3.3  pounds  per 
100  gallon),  the  average  of  the  figures  gi^"en  for  starch  con- 
tent of  normal  sorghum  juice.  Some  of  this  juice  was 
treated  wdth  kieselguhr  and  with  malt  extract  in  the  follow- 
ing proportions : 

Sirup  F — Approximately  900  cc.  of  juice,  heated  to  98°  C, 
cooled  to  40°  C.,  permitted  to  stand  for  1  hour,  1  ounce  of  kiesel- 
guhr added  (3  per  cent  by  weight),  heated  to  98°  C,  and  filtered 
at  once. 

Sirup  G — Approximately  900  cc.  of  juice,  heated  to  98°  C, 
cooled  to  40°  C,  20  cc.  of  malt  extract  added,  permitted  to  stand 
for  1  hoiur,  1  ounce  of  kieselguhr  added,  heated  to  98°  C,  and 
filtered  at  once. 

The  rate  of  filtration  of  these  juices  is  sho^Ti  in  Fig.  2. 
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The  remarkable  effect  of  treatment  with  malt  extract 
u]30n  the  rate  of  filtration  of  sorghum  juice  is  shown  in 
Figs.  1  and  2.  Direct  fUtration  of  unheated  juice  to  which 
kieselguhr  had  been  added  gave  an  average  of  285  cc.  filtrate 
in  2  minutes,  and  515  cc.  in  5  minutes.    The  heated  juice 
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gave  an  average  of  90  cc.  of  filtrate  in  5  minutes.  In  both  cases 
fUtration  practically  stopped  after  5  minutes.  It  may  be 
said  that  the  heated  juice  refused  to  filter.  Juice  that  had 
been  treated  with  malt  diastase  filtered  readily,  giving  an 
average  of  800  cc.  of  filtrate  in  less  than  2  minutes.  The 
filtration  continued  at  a  satisfactory  rate.  Treating  ordinary 
sorghum  juice  with  malt  extract  is  as  satisfactory  at  the  rate 
of  10  cc.  of  extract  to  900  cc.  of  juice  (equivalent  to  ap- 
proximately 1  gallon  of  extract  to  100  gallons  of  juice)  as  at 
the  rate  of  20  cc.  to  900  cc.  (Juices  D  and  E.)  When  starch 
was  added,  the  untreated  juice  refused  to  filter  (Fig.  2). 
The  treated  juice  filtered  readily  (average  of  800  cc.  of 
filtrate  in  2  minutes)  and  continued  to  filter  beyond  12 
minutes  although  at  a  slower  rate.  At  the  end  of  12  minutes 
the  filter  cake  was  '/t  inch  thick.  In  every  case,  whether  or 
not  the  juice  had  been  treated  with  malt  extract,  the  filtrates 
had  a  light  amber  color  and  were  perfectly  clear  and  brilliant. 
Effect  of  Treatment  on  Sirup 

AH  the  experimental  sirups  were  made  by  direct  open-pan 
evaporation  of  the  filtrates.  Control  or  check  samples  were 
prepared  from  portions  of  the  original  raw  juice.  The  proc- 
ess followed  was  similar  to  the  one  ordinarily  used  in  the 
commercial  production  of  sorghum  sirup — a  simple,  direct, 
open-pan  evaporation  by  rapid  boiling,  without  the  use  of 
clarifiers  or  filtration,  and  removal  of  scums  by  simple  skim- 
ming. The  raw  juice  gave  the  usual  copious  quantities  of 
green  and  yellowish  scums.  A  particularly  noteworthy 
characteristic  of  the  boihng  of  the  filtrates  was  that  no  scums 
were  formed.  When  the  sirup  had  become  very  dense, 
the  usual  small  quantity  of  foam  characteristics  of  the  boil- 
ing of  any  high-density  sugar  sirup  was  evolved.  The  treat- 
ment resulted  in  the  entire  removal  of  the  scum-forming  con- 
stituents of  the  juice. 

It  is  unnecessary  to  give  in  detail  the  characteristics  of  the 
sirups  prepared.  None  of  those  from  the  raw  juice  were 
perfectly  clear,  and  most  of  them  were  cloudy  and  contained 
specks  and  particles  of  suspended  material.  The  color  varied 
from  Ught  to  very  dark  amber.  Some  were  smooth  and  free 
flowing,  while  others  had  a  marked  sUmy  or  gelatinous  con- 
sistency.* Those  prepared  directly  from  raw  juice  contain- 
ing added  starch  were  extremely  gelatinous  and  contained 
transparent,  gummy,  lumpy  masses. 


The  .sirups  prepared  from  the  filtrates  from  the  treated 
juice  presented  a  marked  contrast  to  those  from  the  raw 
juice.  AU  were  smooth  and  free  flowing;  none  were  slimy  or 
gelatinous.  Tliis  was  true  also  of  the  sirup  from  the  juice  con- 
taining added  starch,  although  one  such  sirup  contained  a 
few  minute,  transparent,  gummy  particles.  It  is  probable 
that  the  starch  in  the  original  juice  plus  that  added  made  such 
a  large  total  that  either  the  malt  extract  or  the  period  of  time 
was  insufficient  for  its  complete  conversion.  None  of  the  sirups 
showed  indications  of  jeDying  or  sliminess  after  4  months 
storage  at  room  temperature.  The  color  of  the  sirup  was  prac- 
tically identical  with  that  of  the  sirups  from  corresponding 
original  raw  juice.  Several  of  them  were  perfectly  clear  but 
most  of  them  were  shghtly  cloudy.  The  degree  of  cloudiness, 
however,  was  markedly  less  than  that  of  the  corresponding 
sirup  from  original  raw  juice,  and  no  particles  of  suspended 
material  appeared.  The  clouding  did  not  take  place  until  the 
Uquid  had  been  reduced  nearly  to  finished  sirup.  Probably 
it  was  due  to  the  decomposition  of  certain  constituents  at  tlie 
higher  temperature  that  prevails  in  boiling  the  thick  sirup. 
Possibly  this  cloudiness  could  be  avoided  by  a  lime  clarifica- 
tion immediately  after  treatment  with  the  malt  extract  or 
by  filtration  of  the  nearly  finished  sirups.  The  investiga- 
tion was  directed  particularly  to  the  jellying,  however,  and 
this  point  was  not  investigated. 

There  was  no  appreciable  difference  in  taste  or  flavor  of 
sirup  from  treated  and  untreated  juice. 

Sucrose  and  reducing  sugars  calculated  to  a  water-free 
basis,  determined  in  several  sirups,  are  reported  in  Table   I. 


Table  I — Composition  of  Sirup  on  Water-Free  Ba 
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There  is  no  appreciable  difference  in  the  amount  of  total 
sugars  in  the  sirup.  No  explanation  is  offered  for  the  marked 
inversion  that  occurred  in  the  ca^e  of  Samples  2  and  3,  al- 
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though  it  may  have  been  due  to  the  effect  of  natural  acidity 
of  the  juice.  It  is  highly  advantageous  from  the  standjjoint 
of  sirup  production,  because  the  presence  of  invert  sugar  re- 
tards, and  when  present  in  sufficient  quantity,  prevents 
crystallization  of  sucrose. 

For  purposes  of  sirup  production,  it  would  seem  to  be 
desirable  to  select  or  breed  varieties  of  sorghum,  the  juice 


from  which  contains  minimum  quantities  of  starch  at  matur- 
ity. However,  the  ease  of  filtration  of  the  juice,  the 
elimination  of  jellying  of  the  sirup  resulting  from  treatment 
with  malt  diastase,  and  the  elimination  of  scum-forming 
constituents  by  filtration,  indicate  that  the  process  may  be 
applied  with  great  advantage  to  the  connnereial  production 
of  sorghum  sirup. 


Suitability  of  Various  Solvents  for  Extracting  Vanilla  Beans' 

Part  I 


By  J.  B.  Wilson  and  J.  W.  Sale 


Bureau   of   Chemistry.   Washington,  D.  C. 


Because  of  the  restrictions  on  the  use  of  alcohol  which  have  followed 
prohibition,  and  the  consequent  substitution  of  other  solvents  for 
extraction  of  flavors,  some  preliminary  work,  has  been  done  to  de- 
termine whether  or  not  these  alcohol  substitutes  produce  the  same 
amount  and  k.'"d  of  extracts  as  those  prepared  from  ethyl  alcohol. 
This  investigation  was  limited  to  several  varieties  of  vanilla  and  the 
tonka  beans,  and  the  solvents  selected  were  isopropyl  alcohol,  ether, 
acetone,  and  carbon  tetrachloride,  to  be  compared  with  ethyl  alcohol. 
The  results  show  that  the  alcoholic  solvents  are  much  superior  from 
the  standpoint  of  quantity  of  extraction,  the  carbon  tetrachloride 
being  the  poorest  in  this  respect.  It  is  possible,  however,  that  a 
preliminary  extraction  with  ether  or  carbon  tetrachloride  followed 
by  a  weak  alcoholic  solution  may  he  found  practicable.  Work  on 
the  analysis  of  the  final  extracts  is  still  in  progress. 


WITH  the  advent  of 
prohibition  and 
the  consequent 
placing  of  restrictions  on 
the  purchase  and  use  of 
alcohol,  considerable  inter- 
est has  been  manifested  in 
the  suitability  of  solvents 
other  than  ethyl  alcohol  for 
the  manufacture  of  oleores- 
ins  and  fla\-()rs,  and  also  in 
the  reduction  of  the  quan- 
tity of  ethyl  alcohol  which 
is  used.  The  United  States 
Department  of  Agriculture, 
in   Circular   136,   defines  a 

flavoring  extract  as  "a  solution  in  ethyl  alcohol  of  jsroper 
strength  of  the  sapid  and  odorous  principles  derived  from 
an  aromatic  plant,  or  parts  of  the  plant,  with  or  without 
its  coloring  matter,  and  conforms  in  name  to  the  plant  used 
in  its  preparation."  It  is  further  held,  under  the  Federal 
Food  and  Drugs  Act,^  that  "nonalcoholic  flavoring  products 
may  be  labeled  with  the  term  'flavor,'  provided  they  contain 
the  same  kinds  and  proportions  of  flavoring  ingredients 
as  are  required  by  the  Department's  definitions  and  stand- 
ards for  extracts,"  and  provided  they  comply  with  certain 
other  requirements.  Therefore,  when  oleoresins  or  flavors 
are  prepared  with  solvents  other  than  ethyl  alcohol  of  proper 
strength,  the  question  immediately  arises  as  to  whether  or 
not  the  oleoresin  or  the  finished  flavor  has  "the  same  kinds 
and  proportions  of  ingredients"  as  the  oleoresins  and  flavor- 
ing extracts  prepared  with  ethyl  alcohol  of  proper  strength. 
It  is  obvious  that  considerable  information  on  this  question 
can  be  obtained  by  the  analysis  of  extracts  and  flavors  made 
by  extracting  beans,  roots,  etc.,  with  various  solvents.  Lab- 
oratory work  along  this  line  covering  vanilla  and  tonka  beans 
was  started  in  the  fall  of  1922,  and  there  are  submitted  here- 
with some  prelimmary  data  which  are  being  supplemented 
by  further  laboratory  work.  The  important  question  of 
the  toxicity  of  the  solvents  was  outside  the  scope  of  this 
investigation. 

General  Procedure 

A  quantity  of  Mexican,  Bourbon,  and  Tahiti  vanilla  beans 
and  of  tonka  beans  was  secured  from  a  reliable  importing 
house,  cut  to  about  V4  inch  in  length  with  scissors,  placed 
in  a  wooden  bowl,  and  more  finely  divided  by  means  of  a 
meat  chopper.     One  hundred-gram  portions  were  placed  in 

1  Presented  before  the  Division  of  Agricultural  and  Food  Chemistry 
at  the  60th  Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn., 
April  2  to  7,   1923. 

-  Service  and  Regulatory  Announcement.  Chemistry.  28,  Item  391. 


500-cc.  Erlenmeyer  flasks 
and  covered  with  200  cc.  of 
solvent.  The  solvents  used 
were  65  and  95  per  cent 
ethyl  alcohol,  isopropj'l  al- 
cohol, ether,  acetone,  and 
carbon  tetrachloride.  In 
one  series  of  operations  the 
beans  were  mixed  with  6 
grams  of  potassium  carbon- 
ate and  then  extracted  with 
65  ])er  cent  ethyl  alcohol. 

The  analytical  characters 
of  vanilla  extracts  made 
with  65  and  95  per  cent 
ethyl  alcohol  and  with  alka- 
line 65  per  cent  ethyl  alcohol  are  quite  well  known,  so  that 
these  solvents  were  used  as  standards  with  which  to  compare 
the  characters  of  the  extractive  matters  obtamed  with  the 
other  solvents.  Isopropyl  alcohol,  ether,  acetone,  and  carbon 
tetrachloride  were  selected,  because  they  are  available  in  large 
quantities  and  have  sufficiently  low  boiling  points  so  that  they 
can  be  removed  from  the  extracted  matters  at  a  low'  tempera- 
ture under  reduced  pressure  without  affecting  the  quality  of 
the  oleoresins.  Moreover,  their  cost  is  reasonable  when  it  is 
considered  that  they  can  be  recovered  and  used  over  and 
over  again.  The  flasks  containing  the  beans  and  solvents 
were  closed  with  rubber  stoppers  and  covered  with  tinfoil. 
The  finely  cut  beans  were  macerated  in  the  solvents  for 
five  days  or  more  with  frequent  mixing,  and  then  separated 
from  the  supernatant  liquids  by  decantation,  placed  in  a 
percolator,  and  drained,  fresh  solvent  being  poured  over  the 
beans  to  make  the  volume  of  the  extract  up  to  200  cc.  Two 
additional  portions  of  25  cc.  each  ot  fresh  solvent  were  used 
to  wash  the  beans.  A  second  extraction  was  conducted  in 
a  similar  manner  except  that  the  solvents  were  kept  in  con- 
tact with  the  beans  for  4  weeks  or  more.  There  were  thus 
obtaineil  forty-eight  solutions.  The  solvents  were  remo\'ed 
from  all  the  solutions  obtained  from  the  two  extractions, 
except  those  containing  65  per  cent  alcohol,  at  a  temperature 
of  not  over  70°  C,  and  a  pressure  of  100  to  25  mm.  The 
ciuantities  of  extractive  matter  obtained  are  set  forth  in 
Table  I.  The  various  vanilla  beans  which  had  been  prac- 
tically exhausted  with  95  per  cent  ethyl  alcohol,  isopropyl 
alcohol,  ether,  acetone,  and  carbon  tetracliloride,  were 
dried  in  the  air  and  then  subjected  to  the  solvent  action  of 
95  per  cent  ethyl  alcohol  for  2  weeks  and  the  quantity  of 
extractive  matter  determined  after  removal  of  the  solvent 
at  the  temperature  and  pressure  noted  above.  These  results 
are  set  forth  also  in  Table  I.  The  tonka  beans,  which  had 
been  practically  exhausted  with  the  sohents  jiist   cnum- 
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erated,  were  subjected  to  a  further  extraction  with  200  re. 
of  SO  per  cent  alcohol  by  heating  just  below  boiling  for  1 
hour,  the  flasks  being  closed  with  funnels.  The  solvent  was 
then  removed  at  the  temperature  and  pressure  noted  above 
and  the  extractive  matter  weighed. 

The  extractive  matter  from  the  first  two  extractions  was 
dissolved  in  65  per  cent  alcohol  and  united.  The  resulting 
twenty  solutions  were  then  made  up  to  a  volume  of  1  liter 
each  with  6.5  per  cent  ethyl  alcohol,  mixed,  and  filtered 
through  a  iilug  of  cotton  which  removed  a  considerable 
amount  of  black,  oily  material.  The  filtrates  were  reserved 
for  extended  examination  to  determine  their  analytical 
characters.  Those  extracts  made  directly  from  the  beans 
with  65  per  cent  alcohol  and  with  alkaline  65  per  cent  alcohol 
were  also  made  up  to  a  volume  of  one  liter  and  reserved  for 
analysis.  The  total  solids  on  these  solution.s  were  deter- 
mined at  a  temperature  of  65°  C.  and  pressure  of  50  mm., 
and  are  reported  m  Table  II  as  "Extractive  matter  soluble 
in  65  per  cent  ethyl  alcohol."  These  figures  do  not  include 
vanillin,  since  the  vanillin  was  volatilized  when  the  extracts 
were  evajiorated.  In  the  case  of  the  alkaline  65  per  cent 
ethyl  alcohiil  solution,  the  weight  of  the  added  potassium 
carlionate  was  subtracted  before  reporting  the  per  cent  of 
total  solids.  The  colors  of  the  final  extracts  obtained  with 
the  Lovibond  tintometer  are  also  given  in  Table  II. 

Discussion  of  Data 

The  Bourbon  beans  yield  a  consideralily  larger  amount, 
both  of  total  extractive  matter  and  of  extractive  matter  which 
is  soluble  in  65  per  cent  alcohol,  than  the  Mexican  and  Tahiti 
beans  with  the  following  solvents:  65  and  95  per  cent  ethyl 
alcohol,  and  isopropyl  alcohol.  The  yields  are  also  larger 
than  those  from  the  Mexican  beans  with  the  alkaline  65 
per  cent  ethyl  alcohol. 

The  Tahiti  beans  jdeld  a  considerably  larger  amount  of 
extractive  matter  which  is  soluble  in  65  per  cent  alcohol  than 
the  Mexican  beans  with  the  following  solvents:  65  and  95 
per  cent  ethyl  alcohol,  isopropyl  alcohol,  and  alkaline  65 
per  cent  alcohol.  Therefore,  the  beans  may  be  rated  in  the 
following  order — namely,  Bourbon,  Tahiti,  and  Mexican — 
from  the  standpoint  of  yield  of  extractive  matter  soluble 
in  65  per  cent  alcohol,  with  the  solvents  enumerated  above. 

Ether  and  carbon  tetrachloride  dissolve  out  much  less 
total  material  from  the  Mexican,  Bourbon,  and  Tahiti  beans 
than  the  alcoholic  solvents.  The  total  extractive  matter 
obtained  with  acetone  is  in  all  cases  less  than  that  obtained 


100 

100 

100 

100 

2.S 

100 

32 

1.57 

100 

100 

100 

100 

50 

112 

68 

187 

with  the  alcoholic  solvents,  but  is  substantially  more  than 
that  obtained  with  ether  and  carbon  tetrachloride.  However, 
so  little  of  the  totab extractive  matter  obtained  with  ether, 
acetone,  and  carbon  tetrachloride  is  soluble  in  65  per  cent 
ethyl  alcohol,  that  it  appears  at  this  time  the  use  of  any  of 
these  three  solvents  is  impracticable  unless  the  beans  after 
being  exhausted  with  these  solvents  are  subjected  to  action 
of  other  solvents.  The  largest  amount  of  extractive  matter 
soluble  in  65  per  cent  alcohol  was  obtained  with  acetone  and 
was  S  per  cent,  whereas  the  lowest  amount  obtained  with  the 
alcoholic  solvents  was  10  per  cent  and  the  highest  amount 
was  33  per  cent.  However,  the  complete  evaluation  of  the 
quality  of  the  extractive  matter  is  not  yet  accomplished, 
and  it  may  be  that  one  or  another  of  these  three  soh-ents 
will  make  a  somewhat  better  showing  from  the  standpoint 
of  quality  than  they  have  from  the  standpoint  of  cjuantity. 
At  the  present  stage  of  the  investigation  the  alcoholic  sol- 
vents are  shown  to  be  much  superior. 

It  is  interesting  to  observe  that  carbon  tetrachloride 
extracts  from  the  beans  less  than  1  per  cent  of  material 
(exclusive  of  vanillin)  which  is  soluble  in  65  per  cent  ethyl 
alcohol  and  practically  iio  color  which  is  soluble  in  65  per 
cent  alcohol,  but  does  extract  a  substantial  amount  of  a  dark 
red,  viscous,  oily  material  which  is  insoluble  in  65  per  cent 
alcohol.  This  insoluble  material  is  practically  tasteless, 
and  possesses  a  fatty  odor  which  became  rancid  on  standing. 
Its  saponification  numbers  were  as  follows:  Mexican,  82; 
Bourbon,  111;  Tahiti,  94.  In  the  authors'  opinion  this 
material  has  little  or  no  value  as  a  flavor,  although  their 
attention  has  been  called  to  a  patent^  the  claims  of  which 
indicate  that  certain  insoluble  material  obtained  under  some- 
what the  same  conditions  has  a  substantial  flavoring  value. 
It  is  reported^  that  in  the  preparation  of  a  pure  extract  the 
use  of  alcohol  weaker  than  45  per  cent  is  not  commercially 
practicable  owing  to  difficulties  in  percolation.  A  process 
which  involves  a  preliminary  extraction  \vith  carbon  tetra- 
cliloride,  followed  by  extraction  with  a  weak  alcoholic  solu- 
tion, is  promising,  since  it  is  believed  that  the  removal  of 
the  black,  oily  material  will  facilitate  subsequent  percolation. 
This  process  is  now  being  suiijected  to  a  special  investigation. 

About  the  same  quantities  of  total  extractive  matter  are 
obtained  from  tonka  beans  by  each  of  the  solvents.  How- 
ever, the  alcoholic  solvents  yield  more  extractive  matter 
that  is  soluble  in  65  per  cent  alcohol  than  does  ether,  acetone, 

3  U.  S.  Patent  931,805  (August  24,  1909). 

*  Leach,  "Food  Inspection  and  Analysis,"  4th  ed.,  p.  914. 
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or  carbon  tetrachloride.  Here,  too,  there  is  a  possibility 
of  obtaining-  an  advantage  by  making  a  preliminary  extrac- 
tion of  the  beans  with  ether  or  carbon  tetracUoride,  and  a 
subsequent  extraction  with  a  weak  alcoholia  solution. 

The  analytical  characters  of  the  final  extracts  are  now  being 


determined  and  it  is  proposed  also  to  determine  the  relative 
flavoring  quality  of  the  extracts  made  with  the  different 
solvents  by  comparing  the  taste  of  custards,  junket,  cakes, 
beverages,  and  other  edible  material  to  which  the  extracts 
have  been  added. 


Adsorption  of  Color  from  Sugar  Solutions  by  Chars' 


By  Marshall  T.  Sanders 
Atlas  Powder  Co.,  Wilmington,  Del. 


AT  THE  fall  meeting  of  this  Society  in  1921,  F.  W. 
Zerban  presented  a  paper  in  which  he  showed  con- 
clusively that  the  action  of  decolorizing  carbons  in 
remo^dng  color  from  sugar  and  molasses  solutions  can  be 
expressed  by  Freundlich's  adsorption  equation  X/M  = 
KC^/",  where  X  =  the  amount  of  solute  adsorbed  by  M 
grams  of  carbon,  C  is  the  concentration  of  the  solute  at  equi- 
librium, and  K  and  n  are  constants.  He  further  showed 
that  the  "color  units"  proposed  by  Meade  and  Harris-  could 
be  used  in  place  of  the  concentration  terms  A'  and  C.  Un- 
fortunately, Dr.  Zerban  has  not  as  yet  published  this  paper. 

At  tliis  laboratory  it  has  also  been  found  that  the  color 
removal  by  vegetable  carbons  follows  the  Freundlich  equa- 
tion in  the  cases  of  sugar  and  molasses  solutions. 

Plate  I  shows  the  relation  between  the  percentage  of  color 
removed  from  a  certain  molasses  solution  and  the  weight  of 
the  carbon  used.  Since  2  grams  of  carbon  do  not  remove 
twice  as  much  color  as  1  gram,  it  is  obvious  that  the  carbon 
did  not  do  as  much  work  per  gram  when  the  larger  quantity 
was  used  as  it  did  with  the  smaUer  quantity. 

The  term  X/M  in  the  Freundlich  equation  is  really  the  work 
done  by  a  unit  weight  of  carbon.  This  equation  states  that 
the  work  done  by  a  unit  weight  of  carbon  (X/M)  is  propor- 
tional to  some  power  of  the  concentration  of  the  solute  at 
equilibrium. 


GRAM3     of  CARBON 

Taking  the  logarithms  of  both  sides  of  the  equation,  we 
have 

Log  XIM  =  1/n  log  C  -H  log  K 

If  log  X/M  and  log  C  are  considered  as  variables,  the  equa- 
tion is  of  the  type  Y  =  AX  +  B,  or  that  of  a  straight  line. 

A  plot  of  X/M  vs.  C  on  double  logarithmic  cross-section 
paper  is  given  in  Plate  II  for  the  same  data  as  were  used  in 

'  Presented  before  the  Division  of  Sugar  Chemistry  at  the  65th  Meet- 
ing of  the  American  Chemical  Society,  New  Haven.  Conn.,  April  2  to  7, 
1923,  by  Mr.  Sanders  instead  of  Mr.  Bonnet  as  indicated  on  the  program. 

«  This  Journal,  12,  687  (1920). 


preparing  Plate  I,  with  the  exception  that  in  Plate  II  color 
units  are  used  instead  of  percentage  of  color.  Curve  C, 
Plate  IV,  is  for  the  data  in  Plate  I,  with  the  color  expressed  as 
per  cent. 

Any  errors  in  determining  the  color  of  the  solutions  at 
the  left-hand  end  of  the  curve  cause  approximately  a  horizon- 


tal displacement  of  the  points,  at  the  right-hand  end  a  nearly 
vertical  displacement. 

An  inspection  of  Plate  II  will  make  clear  the  fact  that, 
whenever  it  is  possible  to  use  them,  countercurrrent  methods 
of  decolorization  would  reduce  the  amount  of  carbon  con- 
sumed by  a  given  quantity  of  a  solution.  The  right-hand 
side  of  the  plot  corresponds  to  dark  solutions. 

The  value  of  the  expression  X/M  is  much  greater  for  the 
slightly  than  for  the  greatly  decolorized  solutions.  X/M  is  the 
amount  of  coloring  matter,  or  color,  if  we  may  use  that  term, 
which  is  adsorbed  by  a  given  weight  of  carbon.  If  the 
fresh  carbon  is  brought  into  contact  with  a  partially  decolor- 
ized solution  and  leaves  the  system  practically  in  equilibrium 
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with  the  undecolorized  solution,  it  is  obvious  that  it  has 
removed  more  color  per  unit  weight  than  if  the  treatment 
were  given  in  one  stage  and  the  carbon  were  separated  from 
a  highly  decolorized  solution. 

Suppose  the  action  of  two  carbons  on  a  solution  is  as  rep- 
resented in  Plate  III.  For  high  degrees  of  decolorization  in 
a  single  application,  A  would  be  superior  to  B,  weight  for 
weight,  at  the  point  of  intersection  they  would  be  equally 
efficient,  and  for  low  degrees  of  decolorization  or  counter- 
flow  work  B  would  be  superior  to  A.  All  other  things 
being  equal,  A  would  be  chosen  if  a  high  degree  of  decolori- 
zation were  desired  in  one  application  of  the  carbon,  B 
would  be  superior  for  countercurrent  decolorization. 

The  values  for  two  carbons  of  the  function  X/M  at  any 
final  concentration,  C,  represent  the  relative  work  done  by 
the  carbons  to  obtain  that  degree  of  decolorization.  It 
follows  that  if  one  carbon  adsorbs  more  color  per  gram  than 
another,  less  of  it  than  of  the  poorer  carbon  will  be  required 
in  any  given  case. 

A  consideration  of  these  logarithmic  plots  shows  the 
fallacies  of  certain  methods  of  testing  carbons.  These 
methods  are  used  by  some  companies  or  are  given  in  the 
various  journals,  and  have  come  to  the  attention  of  this  lab- 
oratory from  time  to  time.  One  of  these  is  to  weigh  out 
1  gram  of  carbon,  suspend  it  in  100  cc.  of  water,  and  add  a 
dye  solution  until  the  color  is  just  perceptible  in  the  super- 
natant liquor  after  the  carbon  has  settled,  or  untO  the  color 
appears  when  a  drop  is  "spotted"  on  filter  paper.  This  is 
equivalent  to  measuring  the  value  of  X/M  for  some  final 

color,  C,  which  is 
barely  perceptible. 
Tliis  method  is  faulty 
for  two  reasons — first, 
the  method  deter- 
mines only  one  point 
on  the  curve;  second, 
the  final  color  is  not 
fixed.  The  color 
Hm  \       ^^       ^^  should  be  determined 

by   matching    with 
some  standard. 

The  use  of  the  term 
"decolorizing  power" 
i-Y  (F«ACT,«,  oFcoLO,  Kr^.,«,«e)    jg  mislcading.      This 

value  is  generally  determined  for  only  one  weight  of  carbon 
under  certain  set  conditions.  This  is  equivalent  to  deter- 
mining one  pomt  on  the  curve,  but  tells  nothing  of  its  du-ection. 

To  say  that  a  carbon  is  twenty  times  as  efficient  as  another 
is  equally  valueless,  since  the  relative  efficiencies  of  two 
carbons  may  vary  with  different  solutions  and  even  with  dif- 
ferent initial  concentrations  of  the  same  solute  and  solvent. 

Some  tests  which  have  come  to  our  attention  are  not  only 
faulty  in  that  they  try  to  compare  two  carbons  by  a  simple 
ratio,  but  also  because  too  great  samples  of  carbon  are  used 
and   the   decolorization   is   practically   complete   for   both. 

In  Plate  IV  are  shown  the  lines  of  constant  carbon  when 
plotted  on  the  logarithmic  paper,  and  the  per  cent  decolori- 
zation is  used  instead  of  the  color  units.  These  curves  hold 
only  for  a  series  of  carbons  which  give  parallel  graphs.  One 
could  be  easily  mislead  by  using  too  large  samples  of  carbon 
for  a  comparison  by  means  of  a  single  determination. 

The  4-gram  line  cuts  Curve  C  at  98.8  per  cent  and  Curve  D 
at  96  per  cent  decolorization.  This  would  seem  to  indicate 
about  equal  efficiencies  for  the  carbons,  yet  carbon  C  is  twice 
as  efficient  as  carbon  D  for  any  given  degree  of  decolorization. 

Another  method  given  in  the  literature'  is  one  in  wliich  a 
series  of  solutions  of  different  degrees  of  decolorization  is 
made  by  the  use  of  various  weights  of  a  standard  carbon. 

3  This  Journal,  14,  19  (1922). 


A  certain  weight  of  the  unknown  carbon  is  used  to  treat  the 
standard  molasses  solution  and  the  decolorized  solution  is 
matched  with  the  samples  prepared  by  use  of  the  standard 
carbon.  The  relative  weights  of  the  standard  and  unknown 
carbons  used  to  obtain  the  same  degree  of  decolorization  are 
taken  as  a  measure  of  the  efficiency  of  the  unknown  carbon. 
This  method  assumes  that  the  adsorption  curves  of  the  two 
carbons  are  parallel,  which  may  not  be  the  case,  and  has  the 
objection  that  only  one  point  on  the  curve  is  determined. 

The  use  of  the  Freundlich  equation  will  enable  one  to  de- 
termine the  relative  decolorizing  capacity  of  the  various 
carbons  with  the  minimum  number  of  tests.  It  would  seem 
needless  to  state  that  the  samples  of  carbon  should  be  taken 
on  a  dry  basis;  yet  two  or  three  cases  have  come  to  our  at- 
tention where  the  carbons  were  weighed  out  as  received. 
Carbons  can  readily  absorb  up  to  10  or  15  per  cent  moisture. 
It  is  ob\dous  that  the  results  of  such  tests  are  misleading. 

In  the  present  state  of  our  knowledge  concerning  the  ac- 
tion of  decolorizing  carbons,  there  should  be  no  attempt 
to  arbitrarily  rate  one  carbon  in  terms  of  another.  The 
user  should  test  out  the  carbons  on  the  solution  he  intends 
to  decolorize. 

In  choosing  a  carbon,  other  factors  than  its  decolorizing 
ability  must  be  taken  into  consideration.  The  apparent  den- 
sity of  the  carbon,  its  filterability,  and  its  staying  or  lasting 
qualities  must  also  be  considered.  The  user  is  interested,  not 
in  any  one  of  these  properties  alone,  but  in  decolorizing  his  so- 
lution at  the  minimum  cost  and,  consequently,  greatest  profit. 


Calculations  for  Decolorizing  Carbons' 

[SUPPEMENTARY  TO  PRECEDING  ARTICLE.] 

By  M.  T.  Sanders 

Atlas  Powder  Co.,  Wilmington,  Del. 

TN  working  with  decolorizing  carbons,  it  is  very  desirable 
■*■  to  be  able  to  calculate  the  mass  of  carbon  necessary 
for  a  given  degree  of  decolorization.  It  has  been 
shown--''"'  in  the  case  of  sugar  solutions,  that  Freundlich's 
adsorption  equation  is  apphcable  to  color  removal  by  vege- 
table chars.  This  equation  as  used  is: 
XIM  =  KC/n 
where  X  =  Units  of  )  color  removed  by  M  grams  of 

Fraction  of     f  carbon 

C  =  Units  of  )  color  remaining  in  decolorized 

Fraction  of     f  solution 

iff  and  \/n  are  constants  depending  on  the  amount  and  kind 
of  solution  treated  with  the  carbon. 

To  determine  the  constants  K  and  l/n,  several  equal  vol- 
umes or  masses  of  the  solution  in  question  are  treated  with 
various  quantities  of  carbon.  These  quantities  of  carbon 
are  so  chosen  as  to  give  a  series  of  values  of  log  C  with  ap- 
proximately equal  increments,  these  values  being  taken 
over  a  range  corresponding  to  from  20  to  95  per  cent  de- 
colorization. The  values  of  X/M  and  C  are  computed  and 
these  values  plotted  on  the  .'so-called  double  logarithmic 
paper.  The  author  prefers  to  use  the  fraction  of  decolor- 
ization instead  of  units  of  color,  because  by  so  doing  a  piece 
of  logarithmic  paper  10  inches  square,  with  two  5-inch  scales 
on  each  axis,  is  sufficient  to  take  care  of  all  data  from  0  to 
99  per  cent  decolorization. 

1  Received  June   19,   1923. 

I  Zerban  and  Byall,  "Adsorption  Isotherms  of  Some  Decolorizing 
Carbons."  Presented  before  the  Section  of  Sugar  Chemistry  at  the  62nd 
Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y.,  September 
6  to  9,  1921. 

s  Sanders.  Chem.  Met.  Eng..  28,    541  (1923). 

«  Sanders,  ".Adsorption  of  Color  from  Sugar  Solutions  by  Chars,"  pre- 
ceding article. 
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The  use  of  logarithmic  jjaper  made  on  a  10-inch  base  has 
the  further  advantage  that  1/n  can  be  scaled  directly  from 
the  plot.  A'  of  course  is  read  where  ('  =  I.O.  The  de- 
termination of  the  constants  graphically  is  illustrated  in 
Fig.  1. 
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In  calculating  the  degree  of  decolorization,  the  author 
prefers  to  use  a  system  described  by  him  in  a  previous  paper.  ^ 
It  u-ill  be  noticed  that  there  is  no  way  of  reading  directly 
from  the  chart  the  mass  of  carbon  required  for  any  gi\en 
degree  of  decolorization.  True,  one  can  read  the  values  of 
X/M  and  C,  and  from  the  relation  X  +  C  =  I  (if  color  is 
expressed  as  a  fraction  of  the  original  color)  calculate  the 
corresponding  value  of  M. 


10-. 
60  q 


MK 


">    / 


Y=MK(/-Y)^ 


However,  this  may  be  done  more  easily.  The  nomo- 
graphic chart.  Fig.  2,  solves  the  equation  Y I'M  =  7v(l  —  F)'^". 
This  equation  is  the  same  as  X/M  =  KC^^",  if  we  express 
our  color  as  a  fraction  of  the  initial  color,  and  let  X  =  Y, 
for  then  C  =  \-Y. 

To  use  this  chart,  suppose  that  experiment  shows  that  for 
the  solution  in  question  the  values  of  A'  and  1/n  are  3  and 


0.610,  respectively.  We  wish  to  know  how  much  carbon 
is  necessary  to  remove  70  per  cent  of  the  color.  On  Fig.  2 
draw  a  straight  line  from  1/n  =  0.610  to  F  =  0.70,  and  ex- 
tend this  line  to  the  MK  axis.  The  line  (extended)  cuts 
the  MK  axis  at  1.4.5.  Since  A'  =  3,  then  M  =  1.4.5/3  = 
0.4S.3  grams  or  pounds  of  carbon  per  unit  volume  of  solution, 
depending  on  what  units  of  mass  and  volume  were  used  in 
securing  the  adsorption  data.  Before  a  carbon  can  be  de- 
scribed in  terms  of  A  and  l/zi  for  any  solution,  it  will  be 
necessary  to  adopt  standards  of  mass  and  volume  for  the 
carbon  and  solution,  respectively. 

The  author  would  suggest  the  adoption  of  the  following 
system  for  calculating  the  values  of  K  and  l/n.  Use  the 
equation 

Y.IM  =  X(l-F)'> 

where  .1/  =  fraction  of  carbon  by  weight  added  to  the  solution 
to  be  decolorized 
Y  =  fraction  of  color  removed  by  the  carbon  of  weight 

M 
K  and  1  ;n  are  the  constants  to  be  listed  in  describing  the 
carbon. 

This  system  has  the  achantage  that  the  values  of  K  and 
\/n  as  found  in  the  laboratory  are  applicable  to  plant  calcu- 
lations without  the  use  of  any  conversion  factor. 

This  last  should  be  a  matter  for  some  section  of  the  Amer- 
ican Chemical  Society  to  take  up,  presumably  the  Sugar 
Division,  as  it  seems  the  most  interested  in  decolorizing 
carbons. 


Variation  of  Refractive  Index  of 

China  Wood  Oil  with 

Temperature' 

By  F.  H.  Rhodes  and  H.  E.  Goldsmith 
Cornell  University,  1thac.\,  N.  Y, 

'T'HE  refractive  indices  of  two  samples  of  China  wood 
■*^  oil  have  been  determined  at  various  temperatures. 
Sample  1  was  from  a  lot  of  commercially  pure  China 
wood  oil  (from  S.  C.  Gilespie  &  Sons).  Sample  2  was  from 
a  portion  of  China  wood  oil  of  known  purity  brought  directly 
from  China  by  S.  H.  Shen,  and  donated  to  us  for  use  in  this 
work. 

The  refractive  indices  were  determined  by  means  of  a 
refractometer  provided  with  a  water  jacket  through  A\-hich 
water  at  a  constant  temperature  was  circulated.  The  instru- 
ment was  tested  with  liquids  of  known  refractive  indices, 
and  was  found  to  give  correct  readings. 

The  results  obtained  were  as  follows: 


Sample  1 ■ 

lefractive 

Index          Difference 

. Sample  2 . 

Refractive 
Index            Difference 

1.5196 

>  0  0040 
1.5156    ^ 

>  0  0039 
1.5117    ^ 

>  0.0039 

1.5235    ^ 

>  0.0040 
1.5195 

>  0.0040 
1.5155    ^ 

>  0.0039 

From  these  results  it  is  apparent  that  the  refractive  index 
of  China  wood  oil  decreases  O.CKX)395  for  each  increase  of 
1°  C.  in  the  temperature.  This  result  agrees  very  closely 
with  the  value  of  0.0004  obtained  by  Browne-  from  the 
examination  of  a  single  sample  of  oil  through  a  single  tem- 
perature interval. 

1  Received  May  18.  1923. 

:  Chem.  News.  114,  123  (1916). 
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Determination  of  Sug-ar  in  Cossettes  by  the  Pellet  Method' 

Volume  Allowance  for  Marc  and  for  the  Combined  Marc  and  Lead  Precipitate 


By  S.  J.  Osborn 


Bl'ILD 


Denver,  Colo. 


IX  THE  determination  of 
sugar  in  cossettes  by 
the  Pellet  method  of 
hot  water  digestion,  the 
normal  weight,  2(1  grams,  is 
made  up  to  a  volume  of  200 
ml.  of  liquid.  The  flask  is 
graduated  to  alk)W  for  the 
marc,  or  insoluble  matter, 

wiiich  occupies  a  portion  of  tiie  volume.  Wiiile  the  volume 
allowance  for  the  marc  is  variously  stated,-  the  method 
generally  employed  considers  the  volume  of  the  marc  in  26 
grams  of  beets  to  be  0.6  ml.,  and  the  flask  is  accordingly  grad- 
uated at  200.6  ml.  This  is  the  volume  allowance  prescribed 
in  most  of  the  standard  methods  of  analysis.  Pellet,^ 
howe\'er,  in  1906  recalculated  the  data,  with  the  conclusion 
that  O.S  was  a  more  accurate  figure. 

It  has  long  been  recognized  that  marc  is  capable  of  no 
.strict  definition,  since  some  of  the  marc  constituents  are  par- 
tially soluble  in  water,  and  the  amount  of  marc  found  depends 
on  the  amount  of  washing  and  otlier  conditions  of  the  method 
employed.  Fortunately,  variations  due  to  such  causes  or 
variations  actually  existing  in  the  beets  have  a  relatively 
small  influence  on  the  accuracy  of  the  sugar  determination, 
so  that  it  is  possible  to  establish  and  use  an  average  value  for 
the  volume  allowance  without  serious  error. 

It  is  not  clear  why  the  volume  allowance  has  always  been 
leased  on  mare  alone  and  the  volume  of  the  lead  precipitate 
has  been  generally  neglected.  As  there  seemed  to  be  no 
good  reason  why  the  volume  allowance  should  not  take  ac- 
count of  both  the  marc  and  the  lead  jjrecipitate,  determina- 
tions were  made,  on  the  one  hand,  of  marc  alone,  aiid  on  the 
other,  of  the  combined  marc  and  lead  precipitate.  The  work 
was  carried  out  on  beets  growni  in  northern  Colorado  and 
western  Nebraska  of  the  1922-23  campaign. 

Claessen's  method^  was  used  for  the  marc  determination, 
with  the  employment  of  a  piece  of  linen  cloth  as  a  filtering 
medium.  Briefly  described,  this  consists  of  extracting  26 
grams  of  ground  beets  four  times  with  400  ml.  of  boiling 
water,  allowing  a  period  of  digestion  of  2  minutes  in  each 
case.  The  residue  was  washed  with  a  little  alcohol  and  dried 
at  105°  to  110°  C.  The  combined  marc  and  lead  precipi- 
tate was  determined  by  transferring  the  entire  insoluble 
residue  from  a  hot  water  digestion  to  a  filter  paper,  washing 

'  Presented  before  the  Division  of  Sugar  Chemistry  at  the  65th  Meeting 
of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2  to  7,  1923. 
-  Browne,  "Handbook  of  Sugar  Analysis,"  p.  24ti. 
3  Z.  Ver.  deul.  Zucker-hid..  66,  H,  912  (1900). 


Determinations  of  the  amount  and  specific  gravity  of  the  marc, 
and  oj  the  combined  marc  and  lead  precipitate.  Were  made  on 
Colorado  and  Nebraska  beets  of  the  1922-23  campaign.  The 
volume  allowance  for  the  marc  in  26  grams  of  beets  was  found 
to  be  0.6  ml.,  and  for  the  combined  marc  and  lead  precipitate 
0.9  ml.  The  beets  of  the  campaign  in  question  contained  less  than 
the  normal  percentage  of  marc. 


until  free  from  sugar  with 
cold  water  (about  1  liter), 
and  drying  at  105°  C.  In 
this  operation  some  solu- 
tion of  the  lead  precipitate 
could  not  be  entirely 
a\'oided. 

In  the  specific  gravity  de- 
terminations, water,  ethjd 
alcohol,  and  methanol  proved  unsuitable  on  account  of  their 
solvent  action  on  the  marc  and  the  lead  precipitate.  This 
action  was  more  pronounced  on  the  dried  material.  Xylene 
was  found  to  be  a  suitable  licjuid  for  the  pycnometer  weighings, 
and  was  employed,  except  as  otherwise  noted.  It  has  no  solvent 
action  and  was  preferred  to  benzene  on  account  of  its  higher 
boiling  point.  A  veiy  important  part  of  the  technic  lies  in 
the  removal  of  occluded  air  from  the  marc.  This  seemed  to  be 
satisfactorily  accomplished  by  placing  the  pycnometer  under 
a  good  vacuum  for  30  minutes. 

The  average  results  are  given  in  tabular  form.  In  the 
fourth  series  the  specific  gravity  was  detciiuined  by  weighing 
the  wet  marc  in  water  and  drying  uftcrwaids  to  establish 
the  weight  taken.  This  avoids  the  ditticulty  of  removing 
occluded  air,  but  is  open  pitibably  to  some  error  caused  by 
the  solvent  action  of  the  water. 

It  will  be  noted  that  the  percentages  of  marc  found  in 
this  work  are  unusually  low.  This  was  undoubtedly  a 
characteristic  of  the  beets  of  the  campaign  in  cjuestion, 
which  were  considerably  below  the  average  in  sugar  content. 
Wohryzek^  has  used  Skarblom's  data  to  show  that  beets 
low  in  sugar  are  also  low  in  marc,  and  vice  versa.  A  general 
relation  of  tliis  kind  has  also  been  established  from  the  writer's 
own  experience.  On  western  Nebraska  beets  of  another  cam- 
paign— viz.,  1920-21 — the  average  of  114  determinations 
gave  4.39  per  cent  marc  by  Claessen's  method. 

The  following  comparative  determinations  of  the  specific 
gravity  of  dried  marc  were  made  in  water  and  in  .xylene. 


Sp.  Gr 


Conclusion.^ 


Sp.  Gr.  i} 
Xylene 
1.4SS 
1.534 


The  probable  experimental  errors,  due  to  solubility  of  the 
marc  and  lead  precipitate  and  possible  loss  of  particles  in 
filtration,  would  tend  to  make  the  volume  found  too  low. 
However,  it  is  likely  that  these  errors  are  no  greater  than  the 
actual  variations  which  will  be  found  in  different  beets  at 
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various  times.    The  results  are  all  in  close  enough  agreement 
to  warrant  the  following  conclusions: 

1 — On  the  basis  of  the  1922-23  results,  the  volume  of  marc  in 
26  grams  of  cossettes  is  very  close  to  0.6  ml.,  so  that,  if  the  cos- 
sette  flask  is  graduated  to  take  account  of  marc  alone,  its  capacity 
should  be  200.6  ml.,  the  volume  now  usually  employed.  If  the 
flask  is  graduated  to  take  account  of  the  combined  marc  and  lead 
precipitate,  and  there  seems  to  be  no  good  reason  why  this  is  not 
a  better  basis  than  the  marc  alone,  the  volume  should  be  200.9  ml. 

2 — The  1922-23  beets  are  abnormally  low  in  marc  as  well  as 
sugar.  A  range  of  4.00  to  4.25  per  cent  would  probably  not 
underestimate  the  average  marc  content  of  Colorado  and  Ne- 
braska beets.  With  a  marc  content  of  4.00  to  4.25  per  cent,  the 
volume  allowance  for  the  combined  marc  and  lead  precipitate 


would  be  about  1.0  ml.,  and  the  cossette  flask  should  accord- 
ingly be  graduated  at  201.0  ml. 

3 — The  employment  of  a  volume  of  201.0  ml.  for  the  cossette 
flask  in  place  of  200.6  ml.  would  lower  the  polarization  of  a  16 
per  cent  beet  to  the  extent  of  0.03.  The  error  under  the  present 
volume  allowance  is  therefore  almost  negligible,  but  there  is  no 
reason  why  the  cossette  flask  should  not  be  regraduated  to  con- 
form with  the  best  available  data. 
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Conversion  of  Methyl  Chloride  to  Methanol — II 

By  Ralph  H.  McKee  and  Stephen  P.  Burke 
CoLUMBi.i  University,  New  York,  N.  Y. 

In  Part  I  the  authors  have  shown,  both  experimentally  and 
theoretically,  that  it  is  impossible  to  effect  the  direct  hydrolysis  of 
methyl  chloride  to  yield  methanol  by  means  of  steam  alone.  An 
experimental  investigation  of  the  use  of  metallic  hydroxides  to  effect 
this  conversion  was  described,  and  it  was  shown  that  calcium  hy- 
droxide is  the  most  advantageous.  By  passing  methyl  chloride 
mixed  with  steam  over  calcium  hydroxide  at  elevated  temperatures. 
95  per  cent  of  the  methyl  chloride  is  converted  into  methanol  and 
methylether,  the  remainder  undergoing  decomposition.  A  theoretical 
study  of  the  reacting  system  was  made  and  by  means  of  an  approxi- 
Mate  calculation  of  the  free  energy  relationships  (Nernst's  heat 
theorem)  the  equilibrium  points  of  the  reactions  involved  were  de- 
termined. The  experimental  results  have  been  found  to  be  in  very 
good  agreement  with  the  theoretical  values. 

In  this  article  the  simultaneous  or  side  reactions  encountered  are 
studied,  and  detailed  analyses  of  the  factors  and  conditions  in- 
fluencing the  conversion  of  methyl  chloride  to  methanol  are  made. 
A  catalytic  process  for  the  conversion  to  methanol  of  the  methyl 
ether  obtained  as  a  by-product  is  presented.  'In  conclusion,  a  brief 
rationale  of  the  process  is  given  and  estimated  production  costs  of 
methanol  by  this  process  are  shown. 


IX  ORDER  to  interpret 
the  results  obtained  in 
the  experimental  work 
described  in  Part  I,  it  was 
found  necessary  to  investi- 
gate in  some  degree  the 
simultaneous  reactions  oc- 
curring in  the  reaction 
chamber. 

Ca(0H)2  =  CaO  -|-  H^O  -(1) 


In  order  to  determine 
whether,  under  the  condi- 
tions obtaining  during  the 
runs  discussed  in  Part  I,  any 
decomposition  of  the  cal- 
cium hydroxide  took  place, 
the  calcium  hydi'oxide  and 
chloride  residues  were  ex- 
amined for  the  presence  of 
calcium  oxide  in  many  cases 
where  anhydrous  methyl 
chloride  was  used  in  the  ex- 
periment. Its  presence  was  detected  only  in  very  small 
amounts  at  400°  and  450°  C.  Tliis  was  to  be  expected, 
however,  for  at  350°  C.  the  partial  pressure  of  water  due 
to  this  decomposition  does  not  exceed  14  mm.-  It  may 
be  pointed  out  here  that  under  these  conditions  magnesium 
hydroxide  would  be  very  unstable,  for  the  partial  pres- 
sure of  water  from  magnesium  hydroxide  becomes  equal 
to  one  atmosphere  at  a  temperature  slightly  above  200°  C. 
For  this  reason  it  is  far  less  desirable  than  calcium  hydroxide 
in  effecting  the  conversion  of  methj'l  chloride. 

CaCl,  -h  H2O  =  Ca(0H)2  -t-  2HC1  (2) 

No  quantitative  data  on  the  extent  of  this  reaction  could 
be  found  iu  the  literature.  Therefore,  a  number  of  e.xperi- 
ments  were  performed  at  350°  C.,  with  partial  pressures  of 
water  in  excess  of  600  mm.  These  experiments  were  carried 
out  using  part  of  the  apparatus  shown  in  Fig.  1  of  Part  I. 
The  reaction  tube  was  charged  with  C.  P.  anhydrous  cal- 
cium chloride  (containing  approximately  10  per  cent  moisture) 
of  12-mesh  size.  Air  was  passed  slowly  through  the  humidi- 
fier heated  to  93°  C.  (^■apor  pressure  of  water  =  590  mm.), 
and  thence  through  the  reaction  chamber,  and  on  through  the 

'  Received  December  4,  1922.     Part  I.  This  Jodrnal,  16,  682  (1923). 
'  Dragert,  Inaugural  Dissertation,  University  of  Berlin,  1914. 


absorption  bulbs  contain- 
ing distilled  water  ■nith  a 
few  drops  of  phenolphthal- 
ein.  The  hydrogen  chlo- 
ride produced  by  the  reac- 
tion was  collected  in  the 
absorption  train,  and  at 
equal  time  intervals  it  was 
titrated  with  standard  0.1 
A'  sodium  hydroxide.  The 
results  obtained  show  that 
under  these  conditions, 
even  at  vapor  pressures  ex- 
ceeding 600  mm.,  over  a 
period  of  time  greatly  in 
excess  of  that  required  for 
the  conversion  of  methyl 
chloride,  the  hydroh'sis  of 
calcium  chloride  would  not 
exceed  2.5  per  cent  by 
weight.  Thus,  it  can  be 
concluded  that  the  hydroly- 
sis of  the  calcium  chloride 
formed  in  the  reaction 

Ca(0H)2  -f  2CH3CI  =  CaCl,  -f-  2CH3OH  (3) 

bj'  the  presence  of  steam  is  practically  inappreciable,  and 
hence,  that  the  displacement  of  the  equilibrium  of  this 
reaction  is  neghgible.  Anj'  displacement  of  the  equnibrium 
to  the  right  due  to  the  hydrolysis  of  calcium  chloride  would 
probably  be  neutralized  by  the  immediate  reaction  of  hj'- 
drochloric  acid  mth  methanol. 

Study  op  Reaction:  CaCl,  +  2CH3OH  =  Ca(0H)2  -|- 
2CH3CI — This  reaction,  which  is  the  reverse  of  that  used  to 
effect  the  conversion  of  methj'l  chloride  to  methanol,  was 
investigated  to  determine  the  extent  to  which  it  could  be 
carried  out.  The  experimental  method  used  here  was  very 
similar  to  that  emploj^ed  in  the  investigation  of  the  hydroh'sis 
of  calcium  chloride.  The  reaction  tube  was  filled  -nith  C.  P. 
anhydrous  calcium  chloride,  and  air  was  sent  slowly  through 
the  humidifier  and  on  through  the  reaction  tube.  In  this 
case,  however,  the  humidifier  contained  absolute  methanol. 
The  partial  pressure  of  the  methanol  was  maintained  as  near 
to  one  atmosphere  as  possible.  The  absorption  train  was 
replaced  by  a  4-liter  gas  collection  bottle,  and  the  gases 
produced  were  collected  directly.  Several  experiments  were 
run  with  the  same  result.    The  methanol  used  (50  grams)  was 
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almost  quantitatively  recovered.  A  ^-ery  small  amount  of 
gas  (less  than  100  cc.)  was  obtained,  which  proved  to  be 
partly  methyl  ether.  Methyl  chloride,  if  produced,  was 
too  small  in  amount  to  be  positively  identified. 

Since  there  was  a  possibility  that  Ca(OH)Cl,  or  some  similar 
compound  other  than  CaCl2,  was  the  principal  end  product 
obtained  during  the  conversion  of  methyl  cliloride  to  meth- 
anol, these  experiments  were  repeated,  using  the  residue 
remaining  in  the  reaction  chamber  after  one  of  the  conversion 
runs.  The  results  in  this  case  were  practically  the  same  as 
those  obtained  when  using  calcium  chloride.  It  is  evident, 
of  course,  that  these  results  are  quite  in  accord  with  the  cal- 
culations based  on  Nernst's  theorem,  given  in  Part  I.  Ac- 
cording to  the  calculated  equilibrium  point,  even  if  equilib- 
rium were  attained  here,  the  methyl  chloride  formed  would 
be  less  than  2  per  cent  of  the  methanol  used  (=  400  cc. 
methyl  chloride).  The  formation  of  the  small  amount  of 
ether  was  probably  due  to  a  secondary  reaction  (Reaction  10). 

Pyeogenetio  Decomposition  of  Methanol — The  de- 
composition of  methanol  under  the  action  of  heat  has  been 
investigated,  and  it  has  been  shown  that  this  alcohol  is  the 
most  stable  of  the  primary  alcohols  toward  lieat.^  On 
passing  the  vapor  of  methanol  tlu'ough  glass  tubes,  decom- 
position begins  only  above  700°  C,  according  to  the  reaction: 

CH3OH  — >■  CO  +  CH4  +  H2  (4) 

This  result  has  been  confirmed  by  other  investigators.'' 
However,  in  the  presence  of  catalytic  agents  it  has  been  shown 
that  methanol  decomposes  at  300°  C,  according  to  the 
equations* 

2CH3OH    =    CH3.O.CH3   +   H.O  (5) 

CH3OH  =  HCHO  -h  H2  =  CO  +  2H2  (6) 

Which  of  these  reactions  predominates  depends  upon  the 
nature  of  the  catalyst  present. 

Apparently,  no  appreciable  simultaneous  decomposition 
of  the  methanol  formed  takes  place  under  the  conditions  of 
our  experiments  except  above  400°  C.  The  low  temperature 
employed  and  the  absence  of  carbon  monoxide  exclude 
Reaction  4.  The  small  amounts  of  methane  and  hydrogen 
obtained  are  probably  principally  the  result  of  the  decom- 
position of  methyl  ether  and  methyl  cUoride,  as  shown  below. 
Likewise,  the  absence  of  formaldehyde  (except  in  traces) 
proves  the  absence  of  Reaction  6.  Wliile  a  considerable 
quantity  of  methyl  ether  was  formed,  it  cannot  be  attributed 
to  Reaction  5,  for  when  methanol  vapor  was  passed  over 
calcium  hydroxide  and  chloride  in  the  experimental  work 
described  above,  methyl  ether  was  formed  in  very  small 
amounts,  although  the  conditions  here  were  much  more 
favorable  for  its  formation  according  to  Reaction  5.  More- 
over, from  the  results  of  Sabatier's  work  we  would  not  expect 
any  of  the  substances  present  in  the  reaction  chamber  to 
catalyze  this  reaction.  The  formation  of  the  methyl  ether 
obtained  is  caused  by  a  different  reaction  to  be  explained 
later. 

Pyrogenetic  Decomposition  of  Methyl  Chloride — 
Different  observers  working  under  various  conditions  have 
obtained  various  combinations  of  decomposition  products 
of  methyl  cliloride.  At  high  temperatures  one  observer^ 
reports 

CH3CI  — >  C  +  CioHg  +  C2H4  +  CH4  +  (HCl?) 
On  passing  methyl  cliloride  over  reduced  nickel  at  220°  C, 
carbon,  hydrogen,  and  hydrogen  cliloride  are  obtained.' 
However,  no  previous  work  was  found  on  this  decomposition 
under  the  conditions  obtaining  in  our  reaction  chamber,  and 
so  a  brief  experimental  investigation  was  carried  out. 

3  Ipatjew,  Ber.,  36,    1056  (1902). 

<  Bone  and  Davis,  J.  Chem.  Soc.  (London),  lOB,  1691  (1914). 

»  Sabatier  and  Maihle,  Ann.  Mm.  pkys.,  20,  289  (1910). 

sperrot,  Ann.,  101,  375  (1857). 

'•  Compt.  rend.,  138,  407  (1904). 


The  commercial  methyl  chloride  was  passed  through  the 
apparatus  shown  in  Fig.  1,  Part  I,  the  reaction  tube  being 
filled  with  pure  silica  sand.  Trials  were  made  at  tempera- 
tures of  200°,  300°,  400°,  and  500°  C,  using  rates  about  the 
same  as  those  employed  in  the  conversion  runs.  It  was 
found  that  while  decomposition  was  observable  by  the  for- 
mation of  traces  of  carbon  and  hydrogen  chloride  at  300°  C, 
it  did  not  become  appreciable  until  400°  C.  The  results 
obtained  are  shown  graphically  by  Curve  12A.  The 
analysis  of  the  gas  received  showed  that  methane  was  formed, 
but  that  hydrogen  and  ethylene  were  absent.  Carbon  and 
hydrogen  cliloride  were  also  formed.  Hence,  under  these 
conditions   the   reaction   probably   is 

2CH3CI  — >  C  +  2HC1  -1-  CH4  (7) 

It  has  been  observed  that  barium  chloride  acts  catalj^ically 
in  the  decomposition  of  ethyl  chloride  under  similar  condi- 
tions.^ Hence,  the  foregoing  experiments  were  repeated, 
using  calcium  chloride  instead  of  silica  in  the  reaction  tube, 
to  determine  whether  the  former  had  any  catalytic  effect. 
The  decomposition  was  not  increased,  however. 

Study  of  Reaction:  CH3OH  +  HCl  =  CH3CI  -{■  H2O 
(8) — This  reaction,  which  is  the  reverse  of  the  direct  hydroly- 
sis of  methyl  cliloride  by  steam,  has  already  been  fuUy  dis- 
cussed, and  it  has  been  shown  that  the  equilibrium  point  is 
far  over  to  the  right.  Hence,  this  reaction  wiU  occur  in 
the  reaction  chamber  when  high  partial  pressures  of  steam  are 
used,  because  the  resulting  slight  hydrolysis  of  calcium 
cliloride  will  give  rise  to  the  formation  of  some  hydrogen 
cliloride.  But  since  the  amount  of  hydrogen  chloride  so 
produced  is  extremely  small,  the  re-conversion  to  methyl 
chloride  effected  by  this  reaction  must  be  very  slight. 

Study  of  Reaction:  CH3OH  +  CH3CI  =  (CH3)20  +, 
HCl  (9) — Since  the  formation  of  methyl  ether  was  not  due 
to  the  dehydration  of  methanol  (Reaction  5),  this  reaction 
suggested  itself  as  its  source.  However,  considering  the 
equihbrium  from  a  theoretical  point  of  view  in  the  hght  of 
Nernst's  theorem,  it  was  shown  above  that 
CH3OH  X  CH3CI 


K   = 


=  0.0006 


(CH3)20  X  HCl 
That  is,  equilibrium  is  far  over  to  the  left,  and  hence,  if  our 
assumptions  are  correct,  this  reaction  could  not  possibly 
give  rise  to  the  amounts  of  methyl  ether  obtained. 

In  order  to  verify  this  conclusion,  an  experimental 
determination  of  the  extent  of  this  reaction  was  made  under 
the  conditions  prevailing  during  the  conversion  runs.  The 
apparatus  shown  in  Fig.  1,  Part  I,  was  used.  The  methyl 
chloride,  after  leaving  the  meter,  passed  through  the  drying 
train  and  then  tlirough  the  humidifier  and  on  through  the 
entire  apparatus.  The  reaction  tube  was  filled  with  glass 
beads.  The  humidifier  contained  absolute  methanol,  and 
methyl  chloride  was  passed  through  the  reaction  chamber, 
which  was  filled  with  glass  beads  (temperature,  350°  C). 
A  small  amount  of  distilled  water  was  placed  in  one  of  the 
absorption  bulbs  to  absorb  the  hydrogen  chloride  formed. 
The  temperature  of  the  humidifier  was  maintained  at  48°  C, 
so  that  an  equimolecular  mixture  of  methyl  chloride  and 
methanol  was  sent  through  the  reaction  tube. 

The  results  obtained  were  in  excellent  accord  with  the 
theoretical  conclusion.  The  methyl  chloride  was  almost 
quantitatively  recovered  (a  small  amount  dissolved  in  the 
water  of  the  absorption  train).  The  amount  of  hydrogen 
chloride  obtained  was  determined  by  analyzing  the  wafer 
of  the  absorption  bulbs  for  chloride,  and  from  the  amount  of 
hydrogen  chloride  so  determined  the  extent  of  the  reaction 
was  computed  on  the  assumption  that  equilibrium  conditions 
had  been  obtained.  The  result  obtained  was  K/,  (350°  C.)  = 
0.000008.     This  result  is  seen  to  be  much  smaller  than  the 

»  Sabatier  and  Maihle,  Compl.  rend.,  141,  238  (1905). 
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equilibrium  constant  derived  aljove  on  the  basis  of  Nernst's 
theorem  |Kp(350°  C.)  =  0.0006].  A  discrepancy  in  this 
direction  is  to  be  expected,  however,  for  undoubtedly  equilib- 
rium was  not  attained  here.  The  experimental  result  ob- 
tained corresponds  to  an  approach  of  12  per  cent  to  the 
ociuilibrium  point  calculated  by  Nernst's  formula. 

Further  evidence  for  this  conclusion  is  gi\-en  by  the  ob- 
servation of  Kuenen'  that  an  irreversible  reaction  takes 
place  slowly  between  methyl  ether  and  hydrogen  chloride 
at  100°  C,  with  the  formation  of  water  and  methyl  cliloride, 
and  that  the  velocity  of  this  reaction  increases  very  rapidly 
with  the  temperature.  This  reaction  is  very  probably  the 
result  of  the  two  reactions 

CHj.O.CHs  +  HCl  =  CHaOH  +  CH^Cl  (9) 

CH3OH  +  HCl   =   CH3CI  +  H2O  (8) 

lioth  of  which,  according  to  the  experimental  and  theoretical 
observations  already  made,  have  their  equilibrium  points 
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far  to  the  right — that  is,  according  to  our  calculations, 
methyl  ether  and  hydrogen  chloride  should  combine  to  give 
methyl  cMoride  and  water  mth  methanol  as  an  intermediate 
product.  The  presence  of  methanol  as  an  intermediate 
product  was  probably  overlooked. 

However,  while  Reaction  9  alone  wOl  not  account  for  the 
formation  of  methyl  ether,  since  a  hydroxide  is  present  in 
the  reaction  chamber  during  the  conversion  of  methyl  cliloride, 
it  is  to  be  expected,  by  analogy  to  the  reactions, 

CH3CI  4-  HjO  =  CH:,OH  +  HCl  (9) 

2CH3CI  +  Ca(OH)2  =  2CH3OH  +  CaCIi  (3) 

that    the    reactions 

2CH3CI  +  2CH3OH  =  CH3.O.CH3  +  2HC1         (9) 
2HC1  +  Ca(OH)2  =  CaCh  +  2H2O  (2) 

which  may  be  regarded  as 
2CH3CI  -I-  2CH3OH  +  Ca(OH)2  = 

2CH3.O.CH3  -I-  2H.,0  -I-  CaClj     (10) 
would  result  in  the  formation  of  considerable  amounts  of 
methyl   ether.     This   conclusion   is  strongly   confirmed   by 
the  application  of  Nernst's  theorem,   which  gives  as  the 
equilibrium  point 

„      ,       (CH3.O.CH3)   X  H..0 
K;,(350°  C.)  =     CH3CI  X  CH3OH      =  ^^^  ^^^^  ^^'■'  ^^ 

Tills  reaction,  then,  is  the  probable  source  of  the  methyl 
ether  obtained. 

Conditions    Influencing    the    Com^ERSiON 

In  the  light  of  the  foregoing  in^'estigation  of  the  nature 
and  extent  of  the  various  simultaneous  reactions  taking 
place  in  the  reaction  chamber,  it  is  possible  to  study  and 
interpret  the  effect  of  certain  variables  on  the  conversion 
of  the  methyl  chloride. 

•  Z.  physik.    Chein..   37,    48.5  (1901). 


Size  of  Calcium  Hydroxide  (;r.\xulf..s — In  order  to 
determine  whether  the  size  of  the  calcium  hydroxide  granules 
had  any  influence  on  the  extent  of  the  conversion  of  methyl 
chloride,  duplicate  runs  were  carried  out  using  granules  of 
4  to  10  mesh  in  one  case  and  20  to  50  mesh  in  the  other. 
The  results  obtained  show  that  over  this  range  the  size  of 
the  granules  used  had  no  effect.  The  same  conclusion  was 
obtained  by  carr\'ing  out  runs  using  a  mixture  of  approxi- 
mately 8  and  50-mesh  granules.  On  the  completion  of 
the  runs  the  solid  residue  was  screened,  and  the  chloride 
content  of  the  largest  and  smallest  granules  determined 
separately.  In  every  case  the  results  showed  that  the 
chloride  content  of  the  granules  was  the  same. 

It  must  be  concluded  from  this  that  the  conversion  of 
calcium  hydroxide  to  calcium  chloride  is  not  a  surface  phe- 
nomenon, but  that  it  proceeds  fairly  uniformly  throughout 
the  granules.  This  conclusion  was  substantiated  by  a  mi- 
croscopic examination  of  the  granules  removed  from  the 
reaction  chamber  at  the  completion  of  a  run.  As  already 
explained,  these  particles  were  gray  due  to  the  deposition  of 
carbon  resulting  from  the  thermal  decomposition  of  the 
methyl  cliloride.  Under  the  microscope  it  was  seen  that  this 
gray  color  extended  uniformly  over  the  entire  cross  section 
of  the  granules,  thus  showing  that  the  methyl  chloride  had 
diffused  uniformly  tlu'oughout  the  entire  volume. 

On  examining  Curve  13,  wliicli  shows  the  relation  between 
the  extent  of  the  conversion  of  calcium  hydroxide  to  calcium 
chloride  and  the  temperature,  it  is  seen  that  as  the  tempera- 
ture increases  this  conversion  increases.  This  increase  is 
to  be  ex])ected  if  the  mechanism  of  the  conversion  depends 
upon  the  diffusion  of  the  methyl  cliloride  through  the  hy- 
droxide granules,  for  as  the  temperature  increases  the  co- 
efficient of  diffusion  increases  very  rapidly.  It  appears  from 
this  evidence,  then,  that  at  any  one  temperature  the  methyl 
chloride  diffuses  rapidly  and  quite  uniformly  thi'ough  the 
larger  jjores  of  the  granules.  Diffusion  into  the  smaller 
l»res  takes  place  more  slowly,  and  therefore,  when  this  initial 
rapid  diffusion  is  complete,  the  percentage  conversion  of  the 
methyl  chloride  falls  off  rapidly  to  a  small,  fairly  constant 
amount,  representing  the  slow  diffusion  of  the  gas  into  the 
smaller  pores  of  the  calcium  hydroxide.  At  a  higher  temper- 
ature diffusion  is  more  rapid,  and  the  gas  is  able  to  penetrate 
the  granules  more  completely  before  the  rate  of  conversion 
of  the  methyl  chloride 
falls  to  its  final  small 
A^alue.  In  other  words, 
as  the  temperature  in- 
creases the  effective 
volume  of  the  calcium 
hydroxide  exposed  to 
the  gas  is  increased. 

Velocity  of  Gas 
Flow — While  very  lit- 
tle experimental  work 
was  devoted  to  this  fac- 
tor, yet  some  indica- 
tion of  its  effect  can  be 
obtained  when  Curve 
1  (rate  =  55  cc.  per 
min.)  is  compared  with 
Cur\e  6  (rate  =  90  cc. 
per  min.).  The  general 
shape  of  the  reaction 
curves  is  practically 
the  same.  The  per- 
centage conversion  of  the  methyl  cliloride  was  not  re- 
duced by  the  almost  doubled  velocity,  nor  was  the  relative 
yield  of  products  affected,  except  that  the  thermal  decom- 
position of  the  gas  was  decreased.     It  is  evident,  therefore. 
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tliat  the  space-time  yields  can  be  considerably  increased 
over  those  obtained  in  this  work.  Moreover,  there  is  the 
added  advantage  that  the  thermal  decomposition  of  the  un- 
converted methyl  chloride  is  decreased  owing  to  the  shorter 
time  of  contact  with  the  hot  reaction  chamber. 

Effect  of  Teiiper.\ture — The  temperature  is  the  most 
significant  variable  governuig  the  nature  and  relative  amounts 
of  the  products  obtained.  Since  the  equilibrium  points  and 
the  relative  velocities  of  the  two  principal  reactions  resulting 
in  the  formation  of  the  methyl  ether  and  methanol  do  not 
change  appreciably  over  tlie  range  of  temperatures  investi- 
gated, the  general  course  of  the  methyl  chloride  conversion 
should  not  change.  That  this  is  the  case  is  sho^vn  by  the 
curves  for  Runs  1,  8,  and  9,  all  of  which  have  the  same  general 
shape.  For  the  same  reason  the  ratio  of  the  yield  of  alcohol 
to  that  of  ether  should  be  the  same  for  similar  conditions 
of  humidity,  which  the  data  in  Table  I  show  to  be  true. 
The  combined  yield  of  alcohol  and  ether  falls  off  as  the  tem- 
perature increases,  on  account  of  the  pyrogenetic  decom- 
position of  the  methyl  chloride  and  methyl  ether. 


— ■ 

A 

^ 

~»=d 

"^ 

=o^ 

:;^^ 

B 

^ 

X^ 

Tempemture  -JSO'C 
A&B-Theoretlctil  C 

urves 
Curve  ^ 

°    C 

-•°^ 

r- 

--.^ 

\ 

""~"^: 

'4 

Parhal  Pressure  of  H^O,  in  Atmospheres 

In  the  investigation  of  this  thermal  decomposition  of 
methyl  cliloride  previously  described,  it  ji'as  found  that  the 
extent  of  decomposition  increased  with  the  temperature,  as 
shown  by  Curve  12.4.  From  the  data  obtained  in  the 
conversion  runs  (Table  I,  Part  I),  Curves  12B  and  12^"  were 
l)lotted,  showing  the  percentage  decomposition  of  the  methyl 
chloride  passing  througli  the  reaction  chamber,  on  the  as- 
sumption that  all  the  methane  collected  was  formed  by  this 
decomposition.  A  comparison  of  these  curves  shows  that  the 
decomposition  occurring  at  high  temperatures  is  considerably 
in  excess  of  that  given  by  methyl  chloride  alone  (Curve  14.4). 
This  must  be  attributed  to  a  simultaneous  decomposition 
of  methyl  ether,  which,  while  present  at  350°  C,  only  be- 
comes appreciable  at  400°  C.  At  450°  C,  from  the  amounts 
of  hydrogen  and  methane  received,  it  is  very  significant. 

The  most  important  effect  of  the  temperature,  however, 
is  the  variation  it  causes  in  the  percentage  of  calcium  hy- 
ilroxide  utilized,  as  shown  by  Curve  13.  This  phenomenon 
has  already  been  discussed  in  a  previous  section  (Size  of 
Calcium  Hydroxide  Granules). 

Effect  of  P.^RTi.^iL  Pressure  of  W.^ter  Vapor — The 
most  significant  result  brought  about  by  a  variation  of  the 
partial  pressure  of  water  vapor  in  the  reaction  chamber  was 
the  effect  it  produced  on  the  relative  yields  of  ether  and 
alcohol.  Curve  14C  shows  graphically  the  results  obtained. 
.\s  previously  explained,  the  formation  of  methyl  ether  nuist 
be  attributed  to  the  reaction 

Ca(OH)2  -I-  2CH3CI  -t-  2CH3OH  = 

2(CH3)20  -I-  2H2O  +  CaCU      (10) 

which  may  be  considered  as  occurring  directly,  or  as  the  sum 

of 


'"Curves  12B  and  12C  were  plotted  on  the  assumption  that  all  the 
methane  obtained  was  caused  by  the  decomposition  of  methyl  chloride 
according  to  the  reaction  found  experimentally; 

2CH3CI  =  C  +  CH.  +  2HC1 


2CH3CI  -I-  2CH3OH  =  2(CH3)20  -f  2HC1  (9) 

2HC    -t-  Ca(OH)2  =  CaClj  -\-  2H20  (2) 

Now,  since  at  a  temperature  of  350°  C.  the  thermal  de- 
composition reactions  are  inappreciable,  the  two  reactions 

Ca(OH)2  -t-  2CH3CI  =  2CH3OH  +  CaCh  (.3) 

Ca(OH)2  -t-  2CH3CI  +  2CH3OH  = 

2(CH3)20  -I-  2H2O  -t-  CaCls  (10) 

occur  alone  in  the  reaction  chamber,  and  it  is  possible  to 
compare  the  experimental  results  obtained  with  those  which 
this  set  of  reactions  should  give. 

The  application  of  Nernst's  theorem  gave  as  the  points 
of  equilibria  of  these  equations: 


K3 


CH3OH 


50  (approx.) 


CH3CI 
(CH3)aO   X  H;0 
^'»  =   (CH3CI   X   CH3OH)   =  -"^  (appro.x.) 

If  it  is  assumed  that  these  values  are  correct,  and  if  it  is 
further  assumed  that  equilibrium  is  established  in  the  re- 
action chamber,  then  the  following  reactions  obtain: 

Let  y  =   partial   pressure   in   atmosphere   of   H>0    in 

initial  H2O-CH3CI  mixture 
Then        \  ~  y  =   partial  pressure  in  atmosphere  of  CH3CI  in 

initial  H2O-CH3CI  mixture 
Let  X  =    partial  pressure  in  atmosphere  of  {QM^iO  at 

equilibrium 
y  -\-  X  =  partial  pressure  in   atmosphere    of    H2O    at 

equilibrium 


partial  pressure  in  atmosphere   of   CH3CI  at 
equilil^rium 


=  partial  pressure  in  atmosphere  of  CH3OH  at 
equilibrium 


Then  .v  -f  (y  -|-  .v)  -|-  K; 


\x{x  -\-  y 


or  1  -  4.V 


2>'  +  -ix-  +  4.VV  +  Ay-  = 


Now,  from  calculated  values  of  K3  and  Kio, 
(1  -1-  K3) 


Therefore, 


1  -  4.V- 


K3K,„        =0-1 
-  2y  -I-  :3.79.vv  -|-  >■-  =  0 


From  this  equation  the  partial  pressure  of  methyl  ether 
resulting  from  any  initial  partial  pressure  of  water  can  be 
computed,  assuming  equilibrium  is  reached.     Now,  evidently, 


\  —  ll)  —  J-^"'  +  ^y   =  partial  pressure  of  methyl  cliloride 

y  K3K10 

per  cent  yield  as  methjd  ether,  it 


used, 
follow 


Therefore,  if  x' 


{c) 


where  x  is  obtained  from  Equation  6. 

Equation  c  is  plotted  as  Ciu've  14.4,  while  the  results 
obtained  experimentally  are  plotted  as  Curve  14C'.  Al- 
though the  curves  are  obviou.sly  related,  the  agreement  be- 
tween the  two  is  not  good.  When  it  is  considered,  however, 
that  Reaction  10  is  consecutive  to  Reaction  3,  and,  moreover, 
that  the  former  is  far  more  complex  than  the  latter,  requiring 
as  it  does  the  fortuitous  juxtaposition  of  a  molecule  of  meth- 
anol with  one  of  methyl  chloride  and  one  of  calcium  hydroxide, 
it  is  hardly  to  be  expected  that  under  the  conditions  existing 
in  the  reaction  chamber  Reaction  10  will  ai)proach  e(juilib- 
rium  as  closely  as  will  Reaction  3.  On  this  assumption 
it  follows: 
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If     o   =   extent  to  which  Reaction  3  approaches  equilibrium, 
and  e   =   extent  to  which  Reaction  10  approaches  equilibrium, 


relative  to  Reaction  3,  then  the  term 


(1  +  K,y  ^  (1  +  atz^r- 
becomes      — 


K3K11 


eaKjKio 


eaKjKio 


aK3 
«Kio 


on  the  assumption  that  aKj  is  large  with  respect  to  1.  This 
assumption  is  certainly  true,  because  from  the  ciu-ve  for  Run 
4  it  is  seen  that  although  Reaction  10  was  suppressed  bj' 
water  vapor,  the  conversion  of  methyl  cliloride  is  weU  above 
90  per  cent.  Nernst's  formula  indicates  that  it  should  be 
98  per  cent  at  equilibrium;  hence  equilibrium  is  almost  reached 
— that  is,  a  very  nearly  equals  1. 

Now  if  one  assumes  that  the  value  of  -  =    8 — that    is, 

e 

that  Reaction   10  approached  equilibrium  only  one-eighth 


(1  +  K3)'  _    8K3 
K3K10 


I  ap- 


as  closely  as  did  Reaction  3,   then 

proximately. 

Hence,  Equation  2  becomes 

1  -'ix-2y  +  4x^  +  ixy  +  iy"-  =  1.60(x2  +  xy) 

=  \  -  ix  -  2y  +  2A0x^  +  2AQxy  +  y'  =  0         (6') 

Hence,  Equation  c  becomes  c': 


(1  -y) 


jx^  + 


(c') 


By  using  Equation  c'  there  is  obtained  a  new  set  of  values 
for  x',  which  are  plotted  as  Curve  14B.  It  is  seen  that  this 
curve  agrees  quite  well  with  the  experirfiental  curve. 

This  theoretical  confirmation  of  the  experimental  results 
obtained  indicates  that  the  explanation  advanced  of  the 
entire  mechanism  of  the  conversion  of  methji  cliloride  is  at 
least  highly  probable.  Moreover,  it  gives  an  additional 
indication  of  the  rehabUity  of  the  application  of  Nernst's 
approximation  equation. 

An  additional  effect  of  the  presence  of  steam  is  illustrated 
bj'  Curves  11  and  13.  As  the  initial  partial  pressure  of  water 
vapor  is  increased,  the  extent  of  the  conversion  of  calciimi 
hydro-xide  to  calcium  chloride  is  decreased  at  any  given 
temperature.  This  effect  cannot  be  attributed  to  the 
establishment  of  the  equilibrium" 

CaCU  +  H2O  =  Ca(OH)2  +  HCl  (2) 

by  the  water  vapor,  for  it  was  previously  shown  that  with 
far  higher  concentrations  of  water  vapor  this  hydrolysis 
was  almost  neghgible. 

The  probable  explanation  is  that  the  phenomenon  is  due 
to  adsorption.  Calcium  hydroxide  is  hygroscopic  at  or- 
dinary temperatures,  and  the  formation  of  hydrates  has 
also  been  shown'^  to  take  place;  therefore,  it  is  to  be  expected 
that  with  this  pronounced  secondary  valence  for  water  it  wiU 
be  absorbed  to  some  extent.  The  effect  of  this  absorption 
would  be  to  reduce  the  active  surface"  of  the  hydroxide, 
which  would  be  tantamount  to  a  reduction  of  the  effective 
volume  of  the  latter.  Since  the  absorption  isotherm  for  a 
gas  by  a  solid  generally  shows  a  decreasing  rate  of  absorption 
as  the  partial  pressure  of  the  gas  increases,  the  shape  of  the 
curve  obtained  is  readily  accounted  for.  On  the  basis  of 
this  explanation,  however,  since  adsorption  decreases  with 
increase  of  temperature,  Ciu-ve  13B  should  approach  Curve 
13A  as  the  temperature  increases.  The  experimental  data 
are  insufficient  to  determine  whether  or  not  this  is  true. 

"  It  is  to  be  noted  that  experimentally  it  was  found  that  one  of  the 
component  reactions  of  Reaction  2  approached  to  one-eighth  of  the  equi- 
librium point  predicted  by  Nernst's  formula. 

"  Kosmann,  Z.  Eleklrochtm.,  26,  181  (1920). 

1'  Langmuir.  Chem.   I^ews,  November  4,   1921. 


Effect  of  Inert  Gas — A  knowledge  of  the  effect  on  the 
conversion  of  methyl  chloride  of  the  presence  of  an  inert 
gas  is  desirable,  since  the  methji  chloride  made  commercially 
by  the  chlorination  of  natural  gas  would  probably  contain 
considerable  quantities  of  methane.  While  no  experimental 
work  was  carried  out  to  determine  this  effect  directly,  it  is 
possible  to  make  some  pertinent  deductions  from  the  re- 
sults obtained  using  high  concentrations  of  water  vapor. 

Theoretically,  since  there  is  no  change  of  volume  in  the 
course  of  the  reaction,  the  diluting  effect  of  an  inert  gas  can 
cause  no  displacement  of  the  equilibrium  points.  The  extent 
of  the  reactions  therefore  will  not  be  changed.  It  is  more 
difficult  to  predict  the  effect  of  an  inert  gas  on  the  velocity  of 
the  reactions,  for  this  velocity  depends  on  the  rapidity  of 
diffusion  of  the  methyl  chloride  into,  and  of  the  products  of 
reaction  out  of,  the  hydroxide  granules.  Under  fixed  con- 
ditions of  temperature  and  pressure  the  coefficient  of  diffusion 
of  a  gas  will  depend  on  the  nature  of  the  gas  mixture  into 
which  it  must  diffuse.  If  the  inert  gas  added  is  such  that 
the  mean  free  path  of  the  molecules  is  increased — which  would 
probably  be  the  case  if  the  diluent  gas  were  methane — 
then  it  is  to  be  expected  that  the  coefficient  of  diffusion  of 
the  original  gases  will  increase  very  shghtly,"  and  hence  the 
velocity  of  the  reaction  should  increase  verj'  shghtly.  This 
is  on  the  assumption  that  the  adsorption  of  methane  on  the 
surface  of  the  hydroxide  is  inappreciable.  In  the  reaction 
resulting  in  the  formation  of  ether  the  situation  is  more 
complex,  since  the  presence  of  an  inert  gas  in  considerable 
quantities  will  decrease  the  relative  number  of  collisions  or 
juxtapositions  of  the  methanol  and  methyl  cliloride  mole- 
cules. As  a  result,  therefore,  the  probable  effect  of  the  pres- 
ence of  methane  wiU  be  to  increase  the  relative  velocity  of 
Reaction  3  with  respect  to  that  of  Reaction  10,  and  thus  to 
favor  the  formation  of  methanol  over  methyl  ether.  In 
addition,  since  methane  is  a  product  of  the  thermal  de- 
composition of  the  reacting  materials,  its  presence  should 
inhibit  the  decomposition. 

The  experimental  results  obtained  using  high  partial 
pressures  of  water  are  in  accord  with  these  conclusions.  A 
comparison  of  the  curves  for  Runs  4  and  5  with  Run  1 
shows  that  in  the  presence  of  0.5  atmosphere  of  water  vapor, 
even  though  the  velocity  of  the  passage  of  methyl  chloride 
through  the  reaction  chamber  is  doubled  thereby,  the  per- 
centage absorption  of  methyl  chloride  shows  no  decrease. 
On  the  other  hand.  Curve  14C  indicates  by  its  deviation  from 
145  that  the  relative  velocity  of  Reaction  10  has  been  de- 
creased in  the  presence  of  increasing  concentrations  of  water 
vapor. 

STEUCTtTR-^ii  Character  of  CALCiuii  Hydrcxide  Gran- 
ules— Since  the  conversion  of  calcium  hydroxide  to  calcium 
chloride  depends  upon  the  permeability  of  the  hydroxide 
toward  the  gases,  it  is  evident  that  the  greater  the  porositj' 
of  the  granules,  the  greater  will  be  the  utUization  of  hydroxide. 
Dense  calcium  hydroxide  prepared  by  precipitation  was 
found  to  give  only  one-third  the  jaeld  of  calcium  chloride 
given  bj'^  the  hydroxide  used  in  these  experiments.  No 
attempt  was  made  to  improve  upon  the  character  of  the 
hydroxide  used  here,  but  undoubtedly  it  could  be  improved 
to  a  considerable  extent  before  the  porosity  attained  caused 
it  to  become  too  friable  for  industrial  use. 

Effect  of  M.^terlu.  on  Reaction  Chamber — An  experi- 
mental investigation  was  made  to  determine  the  most  ad- 
vantageous material  in  which  this  reaction  could  be  carried 
out  on  an  industrial  scale.  Steel  was  first  tried  as  the  cheapest 
and  most  available  material.  The  apparatus  used  was 
essentially  that  sho^n  in  Fig.  1,  Part  I,  except  that  a  steel 
tube  was  substituted  for  the  glass  reaction  tube.    A  number 

'*  Meyer,  "Kinetic  Theory  of  Gases." 
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of  runs  were  made,  and  it  was  found  that  at  temperatures  as 
low  as  300°  C.  considerable  decomposition  of  the  alcohol 
took  place,  large  quantities  of  hydrogen  and  methane  and 
some  carbon  monoxide  being  obtained.  As  the  temperature 
rose  this  decomposition  rapidly  increased. 

Copper  was  naturally  excluded  on  account  of  its  laiown 
catalytic  effect  on  the  decomposition  of  alcohol.  Alumin- 
ium was  next  tried,  experiments  being  made  as  in  the  case 
of  steel.  The  results  showed  that  the  decomposition  taking 
place  in  the  aluminium  tube  under  given  conditions  did  not 
exceed  that  occurring  in  the  glass  reaction  chamber. 

These  results  agree  very  lyeU  with  the  known  behavior  of 
methanol.  It  has  been  shown'  that  on  passing  methanol 
vapor  through  iron  tubes,  it  is  almost  entirely  decomposed  at 
600°  C.  into  carbon  monoxide,  hydrogen,  and  methane, 
while  with  aluminium,^  on  the  other  hand,  no  decomposition 
takes  place  even  at  700°  C. 

Aluminium,  or  probably  its  alloys,  should  therefore  make 
a  satisfactory  material  for  an  industrial  reaction  chamber. 

Conversion  of  Methyl  Ether  to  Methanol 

In  the  foregoing  discussion  it  has  been  shown  that  the 
yield  of  methanol  can  be  increased  at  the  expense  of  the 
methyl  ether  yield  by  the  use  of  steam  mixed  with  the  en- 
tering methyl  chloride  (Curve  10).  While  possessing  some 
advantages,  this  employment  of  steam  is  attended  by  the 
disadvantage  that  it  appreciably  reduces  the  percentage 
utilization  of  the  calcium  hydroxide  (Curve  11).  An  en- 
deavor was  made  to  avoid  this  difficulty  by  effecting  the 
conversion  of  methyl  cliloride  under  anhydrous  conditions 
and  subsequently  converting  the  ether  formed  into  methanol 
by  the  equilibrium: 


(CH3)20  +  HoO  : 


2CH3OH 


The  reaction  has  been  extensively  investigated  in  the 
reverse  direction.  It  has  been  shown  that  this  decomposi- 
tion of  methanol  is  catalyzed  by  certain  metallic  oxides,'^ 
and  a  very  exiiensive  inquiry  has  revealed  that  aluminium 
oxide'^  is  the  most  efficient  catalyst  for  this  decomposition. 
It  has  also  been  shown  that  water  vapor  will  inhibit  the 
reaction  to  some  extent  in  the  case  of  ethyl  alcohol.^'  How- 
ever, a  search  of  the  literature  failed  to  reveal  any  data  from 
which  even  an  approximate  indication  of  the  point  of  equi- 
librium could  be  obtained.  The  application  of  Nernst's 
formula  gave  as  the  equilibrium  point: 


(CHaOH)^ 
(CH3)oO  X  H2O 


=  0.25 


as  shown  in  Part  I. 

The  existence  of  so  efficient  a  catalyst  and  the  ahnost 
complete  absence  of  any  side  reactions,  together  with  the 
fact  that  the  velocity  of  tliis  reaction  is  almost  zero  below 
400°  C.  in  the  absence  of  a  catalyst,  greatly  simplifies  the 
task  of  determining  the  approximate  equilibrium  point 
experimentally.  Hence,  since  the  experimental  determina- 
tion would,  in  addition  to  giving  the  desired  information, 
serve  as  an  excellent  check  on  the  validity  of  the  application 
of  Nernst's  approximation  formula  to  these  reactions,  it  was 
carried  out. 

Experimental — The  apparatus  used  is  shown  in  Fig.  2. 
The  methanol  passed  directly  from  the  buret  D,  through  the 
capillary  tube  into  the  glass  reaction  tube  in  the  furnace  C, 
where  it  vaporized,  and  passing  over  the  glass  beads  became 
heated  to  the  proper  temperature.     It  then  passed  through 

i>  GrisorieEf,  Bull.  soc.  chim.,  [3]  24,  612  (1902);  Senderens,  Ibid.. 
[4]  B,  4S0  (1909). 

"  Sabatier  and  Maihie,  Compl.  rend.,  148,  1735  (1910) ;  Ann.  chim.  pkys., 
(8]  20,  343  (1910). 

"  Engelder,  /.  Phys.  Chem..  21,  676  (1917). 


the  catalyst,  which  was  maintained  at  a  uniform  and  con- 
stant temperature.  The  products  of  reaction  passed  out 
of  the  reaction  tube,  and  were  collected  in  the  tubes  A  and  B, 
each  containing  about  20  cc.  of  C.  P.  concentrated  sulfuric 
acid. 

The  aluminium  oxide  used  as  catalyst  was  prepared  and 
dried  exactly  as  described  by  Sabatier  and  Maihie." 

The  methanol  used  was  freshly  prepared,  C.  P.  absolute 
methyl  alcohol,  99. .5  to  100  per  cent. 


Procedure — The  furnace  was  brought  to  a  constant  tem- 
perature of  350°  C,  and  then  methanol  was  permitted  to  flow 
slowly  into  the  reaction  tube,  generating  methyl  ether,  until 
the  gases  leaving  the  reaction  tube  were  completely  absorbed 
by  concentrated  sulfuric  acid.  In  this  way  all  the  air,  moisture, 
etc.,  were  displaced  from  the  reaction  tube.  The  buret  was 
then  shut  off,  and  when  equilibrium  was  established  in  the 
reaction  chamber  (shown  by  the  complete  cessation  of  the  flow 
of  gases  from  the  reaction  tube),  the  test  tubes  A  and  B  con- 
taining concentrated  sulfuric  acid  were  put  in  place,  as  shown  in 
the  figure.  The  reading  of  the  buret  was  recorded  and  the 
methanol  was  again  permitted  to  flow  very  slowly  into  the  re- 
action tube.  The  reaction  proceeded  very  smoothly,  the  prod- 
ucts of  reaction  being  collected  in  tube  A .  A  very  small  amount 
of  gas,  not  exceeding  10  cc,  bubbled  through  tube  B  in  the  course 
of  a  run,  but  the  increase  in  weight  of  the  latter  never  exceeded 
2  mg.  This  small  amount  of  gas  was  doubtless  hydrogen,  which, 
it  has  been  shown,  is  formed  in  minute  amount  under  these 
conditions. 

After  approximately  12  to  15  cc.  of  alcohol  had  passed  into 
the  reaction  tube,  the  buret  was  shut  off,  and  the  reading  re- 
corded. When  equilibrium  had  again  been  established  in  the 
reaction  tube  the  test  tubes  A  and  B  were  removed.  The 
sulfuric  acid  solution  of  ether  in  A  (containing  also  the  unchanged 
methanol  and  the  water  formed)  was  transferred  to  a  small 
Erlenmeyer  flask  (150  cc).  Tube  A  was  rinsed  out  several 
times  with  small  amounts  of  concentrated  sulfuric  acid.  The 
Erlenmeyer  flask  was  fitted  with  a  dropping  funnel,  a  long  de- 
livery tube,  and  a  third  tube  reaching  to  the  bottom  of  the  flask, 
and  closed  at  the  other  end  with  a  pinch-clamp  (Fig.  2a).  The 
delivery  tube  of  the  flask  was  connected  to  a  4-liter  gas  collection 
bottle,  using  a  concentrated  solution  of  sodium  silicate  as  the 
containing  fluid.  Sodium  silicate  solution  was  used  on  account 
of  the  small  solubility  of  methyl  ether  therein.  The  silicate 
solution  was  saturated  with  methyl  ether. 

Water  was  permitted  to  drop  from  the  dropping  funnel  into 
the  sulfuric  acid  solution  of  methyl  ether  in  the  flask,  and  the 
ether,  given  off  at  a  steady  rate,  was  collected.  When  about  2.5 
volumes  of  water  had  been  added,  it  was  stopped,  and  the  solution 
in  the  flask  was  slowly  heated  to  gentle  boiling.     The  delivery 


.  chim.  phys..  [S]  20,  29S  (1910). 
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tube  served  as  a  reflux  condenser.  When  the  evolution  of  ether 
had  ceased,  the  system  was  put  under  a  slight  pressure  ('/2  inch 
of  mercury)  by  siphoning  a  small  amount  of  silicate  solution 
back  into  the  gas  collection  bottle.  The  pinch-clamp  of  the 
flask  was  then  opened  (boiling  being  maintained  continually), 
and  all  the  liquid  contents  of  the  flask  were  driven  out.  When 
the  flask  had  come  to  room  temperature,  the  volume  of  gas  was 
read.  In  this  way  the  re-solution  of  the  liquid  contents  of  the 
flask  was  prevented.  The  volume  of  the  gas  collected  was 
corrected  for  pressure  and  temperature,  and  the  volume  of  the 
original  concentrated  sulfuric  acid  solution  of  ether  was  added. 
It  has  been  shown  that  over  98  per  cent  of  the  methyl  ether 
can  be  recovered  readily  from  a  concentrated  sulfuric  acid  solution 
by  adding  water  and  heating  to  boiling."  With  the  precautions 
observed  here,  the  recovery  was  probably  improved. 

The  experimental  results  obtained  are  shown  in  the  follow- 
ing table : 


Table 

III- 

—  CONVERSI 

ON  OF  Methanol 

TO  Methyl  Et 

HER 

CHiOH 

Delivered** 

Cc. 

(CHi)iO 

Received 

Cc. 

Temperature 

of  Catalyst 

°C. 

Duration 
of  Run 
Hrs. 

CCH,)30  per  ' 
CH3OH 
Cc. 

15.07 
12.85 
13.49 

3300 
2800 
2040 

3.50 
350 
350 

1:20 
1:00 
1:00 

272 
276 

;  calculated  to  0°  C.  and  760  i 


From  the  average  of  the  results  obtained,  as.suniing  that 
equilibrium   was   reached,   the   constant   of   equilibrium   is 


K 


(CHaOH)^ 
(CH3)oO   X  H2O 


[(22400/32)  -  (2   X   274)1' 
9742 


=  0.308 


In  order  to  verify  the  assumption  that  equilibrium  was  reached, 
the  reaction  was  carried  out  in  the  opposite  direction.  To 
accomplish  this,  a  known  volume  of  pure  methyl  ether  was  dis- 
placed from  a  gas  bottle  through  a  humidifier  maintained  at 
84°  C.  (vapor  pressure  oT  water  =  380  mm.),  and  thence  through 
the  reaction  tube  to  the  tubes  A  and  B.  The  humidifier  was  in 
principle  the  same  as  that  shown  in  Fig.  1,  but  the  design  was 
modified  in  order  to  require  the  use  of  a  smaller  volume  of  water. 
Here  also  an  electrically  heated  resistance  spiral  prevented  the 
condensation  of  the  moisture  from  the  gas.  The  water  used  in 
the  humidifier  was  previously  saturated  with  methyl  ether. 

The  run  was  carried  out  exactly  as  in  the  case  of  the  reverse 
reaction  above,  except  that  volumes  of  gas  in  the  holder  were 
read  in  place  of  volumes  of  alcohol  in  the  buret.  Tube  .4  was 
weighed  before  and  after  the  run. 

From  the  increase  in  weight  due  to  the  combined  weight 
of  methyl  ether  and  water,  and  from  the  known  weight  of 
methyl  ether  used,  the  amount  of  water  introduced  was 
computed.  It  was  found  to  be  0.995  mol  per  mol  of  methyl 
ether — i.  e.,  the  mixture  of  methyl  ether  and  water  was 
practically  equiniolecular.  The  results  obtained  are  shown 
below ; 

Table  IV — Conversion  of  Methyl  Ether  to  Methanol 
(CHajjO  CH3OH         Temperature     Duration  of  (CHjjjO 

Delivered  Recovered  Catalyst  Run  Converted 


The  equilibrium  constant,  therefore,  is 
_         (CH3OH)-        _  (2  X  730)  ^ 
^   ~   (CH3)20   X  H2O   ~        25802 


0.320 


It  is  seen  that  this  value  agrees  very  well  with  that  ob- 
tained by  approaching  the  equilibrium  from  the  opiiosite 
direction.  Moreover,  these  results  confirm  the  validity 
and  utility  of  Nernst's  approximation  formula. 

Considered  from  the  aspect  of  its  industrial  applicability, 
the  result  obtained  for  the  equilibrium  point  shows  that  this 
reaction  should  serve  very  well  as  a  method  of  converting 
the  methyl  ether  to  methanol.  In  order  to  convert  50 
per  cent  of  the  ether  to  methanol,  8.5  volumes  of  steam  per 
volume  of  ether  are  required.  However,  if,  as  could  very 
readily  be  done,  the  conversion  is  carried  out  in  successive 
stages,  less  steam  is  required. 

"  Erlenmeyer  and  Kruchbaumer,  Ber.,  7,  ti'J'J  (1.S74). 


Moreover,  the  reaction  should  be  very  readily  carried  out 
on  a  large  scale,  for  the  apparatus  required  is  simple,  the 
^'eIocity  of  reaction  is  very  rapid,  and  no  side  reactions  occur. 
In  addition,  the  products  are  readily  separated  in  a  pure  state. 
If  the  heat  of  the  steam  employed  can  be  used  in  processing, 
the  cost  of  conversion  should  be  very  small. 

R.\TIONALE    OF    PROCESS ' 

From  the  foregoing  investigation  it  appears  that  the 
most  advantageous  method  of  effecting  the  conversion  of 
methyl  chloride  to  methanol  is  to  pass  the  methyl  chloride 
mixed  with  steam  over  highly  porous,  granular  calcium 
hydro.xide.  The  optimum  temperature  is  approximately 
350°  C.  Rates  of  flow  considerably  higher  than  those  used 
in  this  investigation  may  be  employed,  and  under  these 
conditions  the  thermal  decomposition  of  the  reacting  gases 
will  probably  be  inappreciable  (under  2  per  cent  at  this 
temperature).  In  this  way  the  methyl  chloride  can  be 
almost  quantitatively  converted  (98  per  cent)  to  methanol 
and  methyl  ether.  The  relative  amounts  of  the  two  products 
obtained  will  depend  upon  the  relative  partial  pressures  of 
the  methyl  chloride  and  steam  in  the  initial  gas  mixture. 
Using  equal  partial  pressures  of  methyl  chloride  and  steam 
yields  of  methanol  and  methyl  ether  in  the  ratio  67  to  33 
per  cent  have  been  obtained.  However,  from  Curve  10 
it  is  evident  that  this  ratio  can  be  readily  increased  bj'  using 
larger  proportion  of  steam.  If,  for  example,  the  partial 
pressure  of  water  compared  to  that  of  methyl  chloride  in 
the  initial  mixture  is  3  :  1,  then  the  resulting  ratio  of  the 
yield  of  alcohol  to  ether  will  be  80  to  20  per  cent  (based  on 
extrapolation  of  Curve  10).  Moreover,  from  Curve  13 
it  is  seen  that  increased  concentrations  of  water  vapor  o\"er  a 
1  :  1  ratio  will  cause  no  further  appreciable  decrease  in  the 
percentage  utilization  of  the  calcium  hydroxide.  However, 
the  methyl  ether  can  be  readily  converted  to  methanol 
separately,  a.s  has  been  shown. 

If  the  methyl  chloride  employed  is  diluted  mth  methane, 
the  velocity  of  the  reaction  resulting  in  the  production  of 
methanol  should  be  slightly  increased,  if  it  is  affected  at  all. 
The  velocity  of  the  reaction  producing  methyl  ether,  however, 
will  probably  be  sensibly  decreased.  In  addition,  the 
presence  of  methane  should  inhibit  the  thermal  decomposition 
of  the  reacting  gases.  However,  the  presence  of  methane  or 
any  other  diluent  gas  is  objectionable  because  of  (he  increased 
capacity  of  apparatus  necessary  to  attain  a  given  output  of 
methanol.  Moreover,  the  heat  losses  of  the  process  will  be 
increased,  and  the  recoverj-  of  the  products  by  absorption 
will  be  rendered  slightly  more  difficult. 

From  an  engineering  aspect  some  considerations  concerning 
tliis  process  may  be  noted.  The  problem  of  handling  all 
materials,  both  reactants  and  resultants,  should  be  relatively 
a  simjile  one,  for  corrosion  of  pipes  and  containing  vessels  would 
be  extremely  slight.  Moreover,  the  problem  of  the  separa- 
tion and  purification  of  the  products  should  give  no  great 
difficulty. 

The  necessity  of  careful  temperature  control  is  hardly  a 
serious  disadvantage,  although  tlie  coefficient  of  heat  transfer 
through  the  mass  of  porous  granular  hydroxide  is  quite  low. 
Fortunately,  the  heat  of  reaction  is  small — only  0.45 
Calories  per  mol  of  methyl  clJoride  converted.  This  should 
greatly  simplify  the  problem  of  heat  transfer. 

While  it  is  not  possible  to  give  a  detailed  cost  analysis, 
one  can,  nevertheless,  obtain  a  rough  estimate  of  the  cost  of 
production  of  methanol  b\'  this  process.  The  largest  single 
item  in  the  raw  materials  cost  is  the  price  of  chlorine.  The 
following  table  gives  the  estimated  cost  of  production  for 
various  prices  of  gaseous  chlorine.  Lime  is  taken  at  SIO.OO 
per  ton  and  natural  gas  of  90  per  cent  methane  content  at  10 
cents  per  1000  cubic  feet.    Steam  is  taken  at  70  cents  a  ton. 
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In  these  estimates,  a  yield  of  70  per  cent  on  the  basis  of  the 
chlorine  used  is  assumed  for  the  chlorination  of  the  methane. 
The  hydrochloric  acid  produced  is  assumed  to  be  recovered 
and  is  credited  with  its  chlorine-content  value.  Labor  and 
o\erhead  are  estimated  at  IS  cents  per  gallon  of  methanol.  It 
may  be  noted  that  if  the  costs  of  methane,  lime,  and  coal 
were  all  to  double  simultaneously,  the  resulting  increase  in 
the  production  cost  of  methanol  would  be  only  7.5  cents  per 
gallon. 


r.^BLE   IV— 

Cost  op   Production  of 

MBTH.-lNOt," 

Material 

s       Overhead 

Credit 

Net  Cost 

Chlorine 

Cost 

and  Labor 

Gross  Cost 

for 

per  Gal. 

per  Lb. 

per  Gal. 

per  Gal. 

per  Gal. 

HCl 

CHjOH 

0.7.5 

24.. 5 

18.0 

42 .  .5 

S,4 

34.1 

1,0 

30   2 

ISO 

48.2 

113 

36.9 

1    .5 

41.7 

ISO 

59.7 

l(i.9 

42.8 

2.0 

.52  .S 

IS.O 

70.8 

22.  B 

48.2 

2   .5 

Bli .  8 

ISO 

81.8 

28.2 

.53 .  fi 

"^  Figur 

■s  are  given 

n  cents. 

A  further  consideration  not  to  be  overlooked  is  the  fact 
tliat  the  product  obtained  by  this  process  is  free  of  acetone, 
which  occurs  as  an  impurity  in  the  methanol  as  now  manu- 
factured. This  impurity  is  extremely  deleterious  in  the 
manufacture  of  formaldehyde,  which  is  the  largest  single  use 
for  methanol. 

The  present  low  market  price  of  methanol  (Kovember, 
1922)  is  due  to  a  temporary  large  oversupply.  Actually, 
at  prevailing  costs  of  labor  and  wood  it  is  very  doul)tfiil 
whether  refined  methanol  can  be  produced  at  a  profit  for 
less  than  $1.10  per  gallon.  Moreover,  it  is  not  unlikely  that  in 
the  near  future,  even  with  methanol  at  SI. 25  a  gallon,  the 
owner  of  wood  will  find  it  more  profitable  to  sell  to  the  paper- 
pulp  manufacturer,  rather  than  to  submit  the  wood  to 
flestructi^•e  distillation  for  methanol  production. 


The  Freezing  Point-Solubility  Diagram  of  the  System 
TNT-Picric  Acid'" 


By  C.  A.  Taylor  and  W.  H.  Rinkenbach 

BtrREAU  OF  MiNEiS.   Pittsburgh,  Pa. 


ALTHOUGH  mixtures  of  TNT  and  picric  acid  have 
lieen  used  for  some  time  in  commercial  detonators 
and  in  certain  types  of  military  explosives,  yet  a 
search  of  the  literature  has  failed  to  show  any  record  that 
the  nature  of  the  system  of  these  two  compounds  has  been 
determined.  Accordingly,  the  binary  system  of  TNT  and 
picric  acid  has  been  studied  with  a  view  to  obtaining  data 
that  would  be  a  cfintrilxition  to  the  jihysical  chemistry  of 
explosive  substances,  and  which  might  be  of  use  in  the  analy- 
sis of  compositions  containing  these  bodies. 

The  authors  have  previously  published  a  study  of  the  binary 
system  TNT-tetryl,'  in  which  the  methods  used  were  dis- 
cussed in  detail.     These  methods  were  used- without  change 

in  this  work. 

The  TNT  used  was 
a  portion  of  the  mate- 
rial used  in  the  work 
with  tetryl  previously 
mentioned.  It  was  a 
mass  of  very  light, 
fluffy,  white  crystals, 
which  had  not  colored 
in  the  lea.st  on  being 
kept  in  a  dark  room 
for  six  months. 

The  setting  point 
was  80.27°  C." 

The  picric  acid  used 
was  purified  as  follows : 

A  very  good  grade  of 
commercial  picric  acid 
was  thoroughly  washed 
five  times  with  distiUed 
water.  It  was  then  dis- 
solved in  hot  distilled  water,  and  the  solution  was  filtered  through 
paper  in  order  to  remove  any  insoluble  matter  present.  The 
solution,  on  cooling,  deposited  the  greater  part  of  the  picric  acid, 
as  very  fine  crystals.  These  were  filtered  ofif,  washed  several 
times  with  cold  distilled  water,  dried  on  filter  paper,  and  placed 


in  sulfuric  acid  desiccators  for  a  week  before  using.  The  prod- 
uct so  obtained  was  a  mass  of  very  light,  flaky  crystals  of  a  light 
yellow  color.  The  setting  point  was  found  to  be  121.8°  C, 
and  the  melting  point  was  found  to  be  constant  at  121.9°  C. 
when  an  air-jacketed  tube  was  used  for  making  the  determina- 
tion. 

Each  of  these  compounds  was  fused  before  using  in  order  to 
minimize  errors  in  weighing. 

The  results  obtained  follow,  and  are  shown  in  the  form  of 
an  equilibrium  diagram. 
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An  inspection  of  the  equilil)riuni  diagram  derixed  from 
these  data  shows  this  system  to  be  a  very  simple  one,  no 
molecular  compounds  being  formed.  In  order  to  corroborate 
this,  melts  containing  different  relative  percentages  were 
submitted  for  examination  under  the  petrographic  micro- 
scope. The  materials  were  found  to  be  in  a  very  finely  di- 
vided form  which  precluded  measurement,  but  in  each  case 
only  the  two  components  appeared  to  be  present. 

The  data  furnished  in  this  paper  may  be  utilized  for  the 
]iurpose  of  determining  the  relative  percentages  present  in 
unkiiomi  mixtures  of  these  two  substances.  For  details, 
the  reader  is  referred  to  the  paper  on  TNT-tetryl  previously 
mentioned.  As  TNT-picrie  acid  mixtures  are  not  as  common 
or  important  as  tlujse  of  TNT  and  tetryl,  the  use  of  this 
method  for  analytical  purposes  will  probably  not  be  as 
extensive  in  this  case. 
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Direct  Determination  of  Dew  Points  of  Gasoline-Air  Mixtures' 


By  W.  A.  Gruse 

Mellon  Institute  of  Industrial  Research,  Pittsburgh,  Pa. 


THE  significance  of  the 
dew  points,  or  tem- 
peratures of  initial 
condensation,  of  motor  fuels 
when  mi.xed  with  air  in  the 
proportions  employed  in 
internal  combustion  en- 
gines, has  been  pointed  out 
by  Wilson  and  Barnard^'^ 
and  by  Wilson.''  For  any 
one  mixture  of  any  one  fuel 
the  dew  point  is  the  lowest 
temperature  at  which  the 

enthe  fuel  is  completely  vaporized.  Additional  heating  in 
the  manifold  is  not  only  unnecessary,  but  is  undesirable, 
since  it  involves  a  loss  in  volumetric  efficiency.  Wilson  and 
Barnard  devised  an  ingenious  but  somewhat  complicated 
method  of  determining  the  dew  point  of  a  fuel  in  any  air  mix- 
ture desired,  through  measurements  of  the  vapor  pressure  of 
the  liquid  in  equilibrium  with  the  completely  vaporized  fuel. 
By  'determining  an  approximate  average  molecular  weight 
for  the  original  fuel,  they  find  it  possible  to  calculate  from  the 
vapor  pressure  curve  of  this  equilibrium  liquid  the  tempera- 
tures, not  only  of  initial,  but  also  of  fractional  condensation 
of  the  original  fuel. 

The  amount  of  work  required  renders  the  method  unsuited 
for  any  but  research  purposes,  and  Wilson  and  Barnard  were 
prompted  to  set  up  an  arbitrary  relationship  for  routine  use. 
They  found  that  the  average  boiling  point  of  the  equilibrium 
liquid  was  very  close  to  the  So  per  cent  point  on  the  distillation 
curve  of  the  original  fuel,  and  that  by  substracting  a  constant 
from  this  equilibrium  boiling  point,  or  from  the  85  per  cent 
point,  a  very  close  appro.ximation  to  the  dew  point  of  the  fuel 
in  a  certain  mixtm-e  and  at  a  given  total  pressure  could 
be  obtained.  This  relationship  depends,  according  to  these 
investigators,  on  the  approximate  equality  of  the  heats  of 
vaporization  of  the  different  paraffin  hydrocarbons,  determin- 
ing equal  rates  of  change  of  vapor  pressure  ■with  temperature. 
It  may  be  predicted  that  the  relationship  would  not  hold  for 
aromatic  and  alcohol  blended  fuels,  except  as  a  matter  of 
chance. 

The  present  work  is  based  on  a  belief  in  the  fundamental 
significance  of  the  dew  point  of  a  gasoline-air  mixture,  and  has 
the  object  of  devising  a  direct  and  more  simple  means  of  de- 
termining it. 

Experimental 

Much  time  and  effort  were  spent  in  studying  what  might 
be  called  a  "static"  method  of  determining  dew  points.  A 
weighed  amount  of  gasoline  was  introduced  into  a  vessel  of 
known  volume,  containing  dry  air  at  a  known  temperature 
and  pressure.  After  allowing  time  for  the  vaporization  and 
diffusion  of  the  gasoline,  a  small  metallic  mirror  set  in  the  wall 
of  a  metal  test  tube  was  cooled  by  evaporating  a  suitable  liquid 
from  the  test  tube  until  dew  was  obser^•ed  on  the  surface  of 
the  miiTor,  the  temperature  of  the  mirror  being  known  from  a 
thermometer  in  the  evaporatiag  hquid.  First  a  glass  flask 
and  then  a  metal  vessel  vnth  glass  windows,  set  in  an  air  bath, 

'  Presented  before  the  Division  of  Petroleum  Chemistry  at  the  65th 
Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2  to 
7,  1923. 

'  This  Jodrnal,  13,  906  (1921). 

'  J.  Soc.  Automotive  Eng.,  12,  287  (1923). 

'  Ibid.,  10.  6  (1922). 


A  method  has  been  devised  for  the  direct  determination  of  the  dew 
points  of  gasoline-air  mixtures  in  the  proportions  required  for  in- 
iernal  combustion  engines.  The  method  consists  in  blowing  a  fuel 
mixture  of  known  composition  against  an  internally  cooled  metallic 
mirror  and  observing  the  temperature  of  dew  formation. 

A  comparison  of  the  results  obtained  with  those  deduced  from  the 
vapor  pressures  of  the  equilibrium  liquids  prepared  from  the  gasoline 
shows  that  the  results  directly  obtained  are  from  15  to  20  degrees 
higher  than  those  obtained  indirectly. 

The  method  is  suggested  as  suitable  for  the  comparison  and  evalu- 
ation of  motor  fuels. 


were  employed.  Several 
months'  experience  with 
this  method  brought  out  a 
sufficient  number  of  diffi- 
culties to  cause  its  aban- 
donment. 

The  alternate  procedure 
was  then  tried— of  pre- 
paring a  stream  of  mixed 
air  and  vaporized  gasoline, 
the  composition  of  which 
could  be  kept  constant  and 
predetermined  approxi- 
mately, and  blowing  the  mixture  against  a  metallic  mirror 
cooled  by  the  method  already  described.  The  temperature 
of  appearance  of  fog  on  the  mirror  and  of  its  disappearance 
could  then  be  observed.  At  the  end  of  the  experiment  the 
composition  was  calculated  from  the  total  volumes  of  gasoline 
and  air  used.    This  method  proved  to  be  reasonably  accurate. 

Apparatus — The  apparatus  is  shown  in  Fig.  1.  Gasoline  is 
fed  from  a  separatory  funnel,  A,  through  a  needle  valve,  B; 
drops  fall  regularly  from  a  copper  wire,  C,  and  pass  through 
tube  X  onto  disks,  E,  made  of  80-mesh  copper  wire  gauze.  Here 
they  are  met  by  a  countercurrent  stream  of  air,  which  has  passed 
through  the  pressure  regulator,  R  (a  mercury  trap  device) ;  a 
reservoir  bottle,  P,  which  equalizes  the  flow  of  air;  the  capillary 
flowmeter,  O,  the  wet  displacement  meter,  N;^  and  the  warming 
coils,  5  (about  20  feet  of  thin  metal  tubing),  which  are  immersed 
in  the  oil  bath,  L,  in  which  the  main  apparatus  is  mounted.  The 
temperature  of  the  oil  bath  is  so  regijated  as  to  efi'ect  very  rapid 
vaporization  of  the  gasoline;  if  any  remains  unvaporized,  it  will 
be  detected  iu  bottle  M  at  the  end  of  the  runs.  Failure  to  vapor- 
ize all  the  gasoline  would  require  a  repetition  of  the  experiment  at 
a  higher  bath  temperature.  Vaporization  is  entirely  satisfactory 
with  proper  conditions  of  bath  temperature  and  air  supply.  In 
the  upper  part  of  the  vaporizing  tube,  D,  above  the  end  of  tube 
A',  are  set  three  more  gauze  disks  to  prevent  entrainment  of  un- 
vaporized gasoline;  they  are  entirely  effective  for  this  purpose. 
As  an  additional  precaution,  however,  bottle  i/'  is  provided  to 
receive  any  entrained  gasoline  carried  through  faulty  operation 
of  the  device  into  the  mixing  chamber,  F;  at  no  time  has  any  liquid 
been  detected  in  F  or  M'.  The  mixing  chamber  may  have  a  ca- 
pacity of  from  1  to  2  liters;  a  baffle,  Y,  is  provided,  and  additional 
screens  may  be  inserted  to  cause  thorough  mixing.  The  mixture 
of  air  and  completely  vaporized  gasoline  then  passes  through  tube 
G,  made  of  Pyrex  glass,  against  a  plane  mirror,  5,  soldered  into 
the  wall  of  a  copper  tube,  H.  This  contains  a  volatile  liquid 
(chosen  for  the  temperature  it  is  desired  to  reach)  in  which  are 
immersed  a  thermometer,  /,  graduated  in  tenths  of  degrees,  and 
an  air-jet  tube,  A'.  The  explosive  mixture  is  then  wasted  out  of 
doors.  The  mirror  5  is  8  x  15  mm.,  and  is  covered  with  a  varnish 
of  lampblack  and  shellac,  except  for  an  area  3x5  mm.  The 
small  mirror  with  black  edge  is  easier  on  the  eye  than  a  large  mir- 
ror, and  the  arrangement  permits  a  change  in  case  one  surface  is 
injured;  moreover,  the  large  mirror  is  easier  to  solder  into  the  cop- 
per test  tube  than  a  small  one.  The  mirror  is  Ulmninated  through 
a  round  hole,  U,  of  1-cm.  diameter,  cut  at  the  level  of  the  mirror 
in  the  wall  of  the  bath,  L,  and  is  observed  through  another  hole, 
Z,  about  3  cm.  in  diameter  and  at  the  same  level.  The  incan- 
descent lamp  best  suited  for  the  purpose  was  found  to  be  one  with 
a  carbon  filament,  preferably  an  old  smoked  one  or  one  of  low 
power.  Two  mirrors  were  used,  one  of  copper,  gold  plated,  and 
the  other  of  highly  polished  Monel  metal.'  Both  tarnished  to 
some  extent.  The  gold  mirror,  on  long  use,  seemed  to  suffer  a 
curious  change,  indicated  by  the  fact  that  the  gasoline  deposited 


'  This  meter  may  be  dispensed  with  and  the  volume  of  air  obtained 
from  the  capillary  flowmeter  and  the  time  of  running.  It  must  be  removed 
when  dew  points  lying  below  the  temperature  of  the  meter  are  to  be  deter- 
mined: otherwise,  a  water  dew  point  is  observed. 

'  The  use  of  Monel  metal  was  suggested  by  W.  S.  James,  of  the  Bureau  of 
Standards. 
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in  relatively  large  droplets,  rather  than  in  a  uniform  fog — in  other 
words,  it  did  not  wet  the  mirror  readily.  Washing  with  the  or- 
dinary solvents  and  polishing  with  dry  rouge  did  not  alter  this 
condition. 

In  order  to  equalize  the  flow  of  gasoline  into  the  vaporizing 
tube,  a  pressure  greater  than  atmospheric  by  1.5  inches  of  mer- 
cury was  applied  above  it  by  means  of  a  very  slow  stream  of  air 
which  was  wasted  through  tube  R.  With  one  bubble  of  air  pass- 
ing through  the  mercury  every  5  seconds,  the  amount  of  gasoline 
carried  away  could  not  have  been  appreciable.  The  joint,  T, 
between  the  funnel  and  the  needle  valve,  is  of  the  stuffing-box 
type,  the  packing  being  wet  with  litharge-glycerol  mixture. 


Peoceduee — The  oil  bath  was  maintained  ordinarily  at 
80°  to  90°  C.  by  means  of  an  electric  immersion  heater;  for 
fuels  containing  hea\'y  ends  a  temperature  of  100°  to  110°  C. 
was  employed.  The  bath  was  agitated  occasionally  by  hand, 
using  a  stirrer  with  a  handle  projecting  through  the  bath 
cover.  Twenty-five  or  50  cc.  of  the  gasoline,  of  known  specific 
gravity,  were  measured  into  the  container  A,  after  filling  the 
needle  valve  and  the  neck  of  the  bulb  A  to  a  mark  and  work- 
ing out  air  bubbles.  The  mirror  was  washed  with  acetone  or 
ether,  and  polished  with  dry  rouge  on  cotton  wool.  The  cop- 
per test  tube  was  filled  with  the  cooling  liquid  to  the  level  of 
the  top  of  the  mirror.  Tliis  liquid  soon  evaporated  down, 
lea\'ing  part  of  the  mirror  uncovered.  A  tendency  to  deposit 
dew  more  readUy  on  the  bottom  of  the  mirror  then  existed, 
and  a  slight  advantage  was  gained  tlu'ough  a  comparison  of 
the  two  parts  of  the  mirror.  After  setting  the  displacement 
meter  at  zero,  and  recording  the  time,  gasoline  was  allowed 
to  flow  into  the  apparatus  at  a  rate  of  50  drops  in  15  seconds. 
To  get  different  mixtures  this  rate  could  be  adjusted  or  the 
rate  of  air  flow  could  be  changed;  both  methods  were  em- 
ployed. The  apparatus  was  allowed  to  run  2  minutes,  and 
then  air  was  bubbled  very  slowly  through  the  cooling  liquid 
(for  this  work  ethylene  dicUoride,  b.  p.,  82°  to  85°  C,  was 
used;  it  is  practically  noninflanmiable)  until  fog  or  tiny  drop- 
lets were  obser\-ed  on  the  face  of  the  mirror.  By  adjusting 
the  lamp  so  that  the  image  of  one  filament  lay  across  the  mir- 
ror, the  observation  was  made  easier.  The  temperature  of 
dew  formation  was  noted,  and  the  mirror  was  allowed  to  warm 


by  slowing  or  cutting  off  the  current  of  air  through  the  cooling 
liquid.  The  temperature  of  disappearance  of  the  fog  was 
taken,  and  the  mean  of  the  two  temperatures  regarded  as 
the  dew  point.  This  procedure  was  repeated  as  many  times 
as  possible  wlrile  the  measured  amount  of  gasoline  was  run 
through  the  apparatus.  In  order  to  avoid  eye  fatigue,  one 
observer  did  not  make  over  two  or  tlu-ee  observations,  chang- 
ing off  with  another  who  regulated  and  recorded  the  tempera- 
ture of  the  mirror.  Temperature  changes  were  made  very 
slowly,  and  it  was  often  possible  to  observe  the  appearance 
and  disappearance  of  fog  within  two  or  three  tenths  of  a  de- 
gree. Large  ranges  were,  however,  frequent.  A  moderately 
close  and  an  average  series  are  given  to  show  the  usual  range  of 
observations : 


Av. 


Av. 


>■  69.0 


72.11  72.0,  ... 

.5  ^72. 2  ^72. 2  ^72.1 

72.3 i  72.4  i 
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X69.1  ^69.4  J-6S.6 

69.2  \  69.6)  68.6) 


68.4 


68. 
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72.2  ! 
6S.6  ^ 
68.6  ' 
3.9°  C. 


To  eliminate  personal  errors  and  variations  in  mixture  com- 
position all  readings  were  averaged. 

At  the  end  of  the  nm  the  air  stream  through  the  apparatus 
was  stopped,  time  noted,  meter  readmg  observed,  and  drain- 
age flasks  inspected  for  signs  of  incomplete  vaporization. 
The  corrected  meter  reading  was  then  used  for  calculating  the 
mixture  composition.  This  mixtiu-e  may  be  predetermined 
approximately,  but  not  exactly,  and  the  best  way  to  compare 
two  fuels  is  to  make  several  determuiations  for  each  and  plot 
two  curves  of  dew  point  against  mixture  composition.  Com- 
parison of  defuiite  points  can  then  be  made. 

In  order  to  determine  the  accm'acy  of  the  method,  the 
dew  point  of  purified  toluene  in  the  mixture  of  5.5  parts 
of  air  to  1  part  of  hydrocarbon  was  measured  and  was 
found  to  be  31.5°  C.  By  calculation  from  the  results  of 
Kahlbaum  on  the  vapor  pressure  of  toluene,  as  given  by  Lan- 
dolt-Bornstein,  the  dew  point  of  a  5.5:1  air-toluene  mixture 
is  32.3°  C.  It  was  also  observed  that  air,  approximately 
saturated  with  water  at  22°  C,  showed  a  dew  point  of  21.2° 
C.  The  fog  of  water  on  the  mirror  is  quite  different  in  appear- 
ance from  that  of  a  hydrocarbon. 

The  foDowing  precautions  are  important: 

1 — The  mirror  should  be  cleaned  before  each  series  of  obser- 
vations. 

2 — The  bath  temperature  should  be  high  enough  to  vaporize 
all  the  gasoline;  a  few  drops  of  unvaporized  material  may  lower 
the  dew  point  several  degrees. 

3 — The  rate  of  gasoline  feed  should  be  observed  frequently  and 
the  capillary  flowmeter  watched  for  variations  in  air  supply. 

4 — The  outside  of  the  tube  G  and  the  surface  of  the  glass  of  the 
incandescent  lamp  bulb  should  be  kept  clean.  Overheating  the 
bath  oil  to  the  extent  of  vaporizing  its  light  constituents  should 
be  avoided,  for  these  condense  on  the  tube  G,  giving  a  fogged  ap- 
pearance to  the  mirror. 

5 — A  heavy  dew  appears  only  some  distance  below  the  true 
dew  point,  and  will  not  disappear  until  the  temperature  is  con- 
siderably above  the  true  dew  point. 

6 — One  observer  should  not  attempt  to  carry  out  the  whole 
observation,  both  for  the  sake  of  accuracy  in  reading  tempera- 
tures, and  to  avoid  the  effect  of  self-deception. 

Results 

The  distillation  curves  of  the  three  fuels  studied  are  gi\'eu  in 
Fig.  2.  They  are  commercial  fuels,  bought  in  the  open  market 
in  Pittsburgh.  Their  differential  distillation  curves — per- 
centages between  10-degree  intervals — are  given  in  Fig.  3. 
It  will  be  observed  from  these  figures  that  Purol  (Motor) 
and  Good  Gulf  have  approximately  the  same  initial  and  dry 
point,  but  that  the  former  has  a  liigher  percentage  of  hea\'j' 
naphtha  fractions  with  a  sharp  increase  near  the  end  point, 
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while  the  latter  has  a  higher  percentage  of  light  fractions, 
and  a  corresponding  deficiency  of  heavy  ends.  Gasoline  X  is 
low  in  both  light  and  heavy  ends  and  much  higher  in  middle 
fractions  than  either  of  the  others.'  Its  initial  boiling  point  is 
the  same  and  its  dry  point  10  degrees  lower  than  those  of  the 
other  fuels. 

The  curves  .showing  the  dew  points  of  these  three  gasolines 
for  different  mixture  compositions  are  given  in  Fig.  4.  It 
will  be  noted  that  Gasoline  X  and  Good  Gulf  possess  about 
the  same  "effective"  volatility  over  the  whole  range  of  mix- 
tures used  in  internal  combustion  engines,  although  they  are 
strikingly  different  in  make-up.  Purol  (Motor)  has  a  much 
higher  range  of  dew  points,  but  a  flatter  curve;  its  dew  point 
does  not  rise  as  rapidly  for  an  enriched  mixture  as  do  the 
others. 

In  Fig.  5  are  showii  the  effects  of  adding  1  and  2  per  cent, 
respectively,  of  kerosene  to  Gasoline  X  and  Good  Gulf. 
The  experiments  were  made  to  determine  the  sensitiveness  of 
the  dew  point  to  the  presence  of  small  amounts  of  heavy  ends. 
It  will  be  seen  that  increases  of  from  4  to  6  degrees  are  effected, 
differences  which  can  easily  be  detected.  It  will  be  observed 
also  that  1  per  cent  of  kerosene  in  Gasoline  X  seems  to  cause 
a  larger  increase  than  2  per  cent  in  Good  Gulf.  This  may  be 
due  either  to  the  points  on  the  Good  Gulf-kerosene  curve 
being  too  low  because  of  failure  to  vaporize  small  traces  of  the 
kerosene,  or  to  the  fact  that  Gasoline  X  is  high  in  middle 
fractions,  which,  with  the  added  kerosene,  tend  to  run  the 
curve  up  rapidly  with  au  enriched  mixture.  It  should  be 
noted  that  dew  points  determined  by  this  method  might  be 


'  This  gasoline  was  bought  i 
,  Baume  gravity  of  60.8°. 


70"  product,  but  i 


somewhat  low,  because  of  the  possibly  incomplete  vaporiza- 
tion just  mentioned,  but  they  are  not  likely  to  be  too  high. 

Through  the  courtesy  of  D.  P.  Barnard  and  of  W.  S.  James, 
samples  were  obtained  of  three  of  the  fuels  studied  by  Wilson 
and  Barnard  in  their  later  work.'  The  dew  points  of  these 
fuels,  as  directlj'  determined,  were  found  to  be  as  follows: 

Dew  Point 
Fuel  Mixture  °  C. 

Domestic  Aviation \  \f\  \*, 

\  lo;l  11,  approx. 

Cooperative     Fuel      Research      Gasoline  (  yy-x  53  7 

A  (A-2) Xxl-x  o\b 

r,  )  l.j  4:1  Above  7B 

" jlB.4:l  74.0 

Discussion 

The  relation  of  these  measurements  to  those  of  Wilson  and 
Barnard  merits  discussion.  If  the  curve  given  by  them^  is 
used  to  fuid  the  dew  pomts  which  the  three  fuels  in  the  first 
group  would  have  by  their  method,  calculated  from  the  85 
per  cent  point,  di^■ergences  are  noted,  as  follows: 

85%  Point  Calcd.  Found  Calcd.  Found 

Fuel                         ■  <■  C.           °  C.          ^  C.  "  C.  °  C. 

Gasoline  X 1117              38             64  33  .56 

Purol  (Motor) l.SB               .iO               72  4.5  6.) 

Good  Gulf 17.3             42              64  37  56 

It  will  be  noted  that  in  general  their  figures  are  somewhat 
over  20  degrees  lower  than  those  determined  directly,  and  that 
the  change  in  dew  point  corresponding  to  a  change  from  a 
12:1  to  a  15:1  mixture  is  of  the  order  of  7  or  8  degrees  as  meas- 
ured directly,  while  Wilson  and  Barnard  found  a  uniform 
difference  of  4  to  5  degrees  for  a  number  of  different  fuels. 
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The  difiVrenct's  are  larger  than  the  degree  of  accuracy  indi- 
cated by  Wilsdu  ami  Barnard. 

A  comparison  of  tlie  figures  for  the  second  group  of  fuels, 
studied  directly  by  both  methods,  shows  that  direct  deter- 
mination gives  dew  points  in  all  cases  higher  than  those  deter- 
mined from  the  equilibrium  mixture,  although  the  differences 
are  not  quite  as  consistent  as  those  shown  by  the  first  group 
of  fuels. 

. Dew  Point . 

Indirect  Direct 

FuEi,                                     Mixture  "  C.  °  C. 

Domestic  Aviation (  12:1  1.0  17 

X   15:1  -4  (I  11 
Cooperative  Fuel  Research 
Gasoline 

4  rA-21                                       i  12:1  28  53.7 

•*  *^   ^' t   15:1  24  51.5 

/12:I  66 

D                                        .     .    .     }  '5:1  60 

^  15  4:1  ..  Above  75 

U6.4:l  74.5 

It  may  be  observed  that  the  range  of  temperature  between 
the  dew  points  at  12:1  and  15:1  varies  considerably. 

The  possible  errors  of  the  method  employed  by  the  author 
are,  as  has  been  mentioned,  such  as  to  make  the  results  ob- 
tained more  probably  low  than  high;  some  consistent  error 
in  the  work  of  Wilson  and  Barnard,  such  as  errors  in  the  prepa- 
ration of  the  eciuililirium  solution,  which  would  tend  to  make 


their  vapor  pressure  determinations  too  high,  might  account 
for  the  discrepancy. 

The  following  features  should  be  observed  concerning  the 
method  here  described; 

1 — The  apparatus  can  be  constructed  in  the  ordinary  labora- 
tory and  machine  shop. 

2 — With  a  little  practice  the  dew  points  may  be  read  with  fair 
accuracy  and  reproduciblity. 

3 — It  is  believed  sufficiently  direct  to  be  free  of  large  errors. 

4 — It  applies  to  volatile  fuels  of  any  nature. 

The  method  is  offered  tentatively  as  suitable  for  the  direct 
determination  of  the  "effective"  volatility  of  motor  fuels, 
with  the  idea  that  it  may  be  useful  in  studying  specifications 
and  blending  operations  and  for  the  control  of  distillation 
tests  and  other  methods  of  evaluation. 
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Determination  of  Phenols  in  Coal-Tar  Oils  and  Crude 

Carbolic  Acid' 

By  J.  Bennett  Hill 

The  Barrett  Co..  40  Rector  St.,  New  York,  N.  V. 


FROM  time  to  time  a 
great  many  methods 
have  been  advocated 
for  determination  of  actual 
phenols  or  tar  acids  in  coal- 
tar  oils,  such  as  creosote  oil, 
dip  oil,  etc.,  and  in  crude 
carbolic  acid.  Where  only 
a  rough  determination  has 
been  required,  almost  any 
of  these  methods  is  suit- 
able.     A    demand    for    a 

greater  accuracy  of  determination  and  closer  cheek  between 
producer  and  consumer  is,  however,  frequently  made,  and 
it  was  to  meet  this  demand  that  this  investigation  of  some 
of  the  existing  methods  was  made. 

The  successful  methods  for  determination  of  phenols  in 
oils  and  crude  acids  are  all  based  on  their  solubility  in  soda 
and  their  extraction  from  the  oils  with  a  solution  of  sodium  hy- 
droxide. They  may  be  divided  into  two  main  classes — 
first,  those  which  use  the  contraction  in  the  volume  of  the  oil 
or  the  increase  in  the  volume  of  the  aqueous  soda  as  the 
measure  of  the  phenols;  and  second,  those  which  liberate  the 
phenols  from  the  carbolate  solution  obtained  and  measure  the 
volume  of  liberated  acids.  The  first  class  may  be  called  the 
"contraction"  methods  and  the  second  class  the  "liberation" 
methods.  Among  the  detailed  methods  belonging  to  the 
first  class  may  be  mentioned  those  of  Weiss  (Test  H-11)'- 
and  of  Chapin.^  Weiss  uses  a  simple  repeated  extraction  of 
the  distilled  oil  in  a  specially  graduated  separatory  funnel 
and  takes  the  contraction  in  volume  of  the  oil  as  tiie  \dluinc 
of  phenols  contained  in  it.    The  method  of  Chapin  consists 
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The  various  methods  for  determination  of  phenols  or  tar  acids  in 
coal-tar  oils,  such  as  crude  carbolic  acid,  dip  oil.  coal-tar  flotation 
oils.  etc..  have  been  investigated,  special  attention  being  given  to 
the  contraction  method  of  Weiss,  in  which  the  contraction  of  the 
oil  on  extraction  with  caustic  soda  is  taken  as  the  per  cent  phenols. 
The  claim  that  this  method  gives  high  results  has  been  shown  to  be 
without  foundation.  The  liberation  methods,  in  which  the  tar  acids 
are  extracted  from  the  oil  with  caustic  soda,  liberated  from  the 
carbolate  with  acid  and  measured,  give  high  results  when  carefully 


of  steam  distillation  of  the 
original  oil,  a  somewhat 
elafiorate  procedure  for  con- 
centrating the  phenols  in 
the  steam  distillate  into  a 
small  quantity  of  benzene, 
and  final  measurement  by 
shaking  with  caustic  .soda 
solution  and  measuring 
the.  increase  in  volume, 
multiplying  the  result  by 
a  factor  empirically  deter- 
mined, which  happens  to  be  the  reciprocal  of  the  specific 
gravity  of  the  phenols. 

Among  the  liberation  methods  are  included  those  of 
Weiss-  (Test  H-12),  Allen, ^  and  most  of  the  methods  in  use  by 
various  industrial  laboratories.  The  methods  in  general 
differ  only  in  detail,  the  liberation  method  of  Weiss  differing 
also  from  the  others  in  that  the  phenols  after  liberation  are 
dissolved  in  refined  coal-tar  naphtha  before  measurement. 
It  has  been  generally  believed  that  the  contraction  method 
gave  results  higher  than  the  correct  values,  and  the  libera- 
tion methods  results  lower  than  tiie  actual  but  much  closer 
than  those  obtained  by  the  cnntracti(iii  methods,  as  is  noted 
by  Weiss  in  his  description  of  the  two  methods.  The  author's 
experience  has  failed  to  bear  out  this  impression,  however, 
and  it  was  therefore  hoped  that  the  present  work  would  throw 
real  light  on  the  relative  accuracies  of  the  various  methods. 
Since  the  publieatif)n  of  the  contraction  and  liberation 
methods  of  Weiss,  he  has  found  it  advisable  to  make  a  few 
changes  in  the  details  of  their  operation,  which  he  has  not 
liuWished.  Thus,  in  the  contraction  method  (H-11)  where 
repeated  extraction  with  50  cc.  of  10  per  cent  soda  is  recom- 
mended, it  has  been  found  simpler  and  safer  to  make  in  every 

«  Allen.  "Commerciiil  Organic  Analysis,"  Vol.  Ill,  p.  375  (19U9). 
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case  three  extractions  with  100  ec.  each  of  10  per  cent  soda. 
Where  the  tar-acid  content  is  abo've  35  per  cent  it  has  been 
found  advisable  to  dilute  the  material  wth  one  or  three  parts 
of  clean,  dry  kerosene  so  as  to  bring  it  within  tliis  limit. 
The  result  is  of  course  multiplied  by  2  or  4.  In  the  libera- 
tion method  (H-12),  whereas  originally  extraction  with  50-cc. 
portions  of  10  per  cent  soda  was  recommended,  it  has  been 
found  better  to  make  the  extraction  with  25-cc.  portions  of 
15  to  20  per  cent  soda,  in  order  to  keep  do'n'n  the  volume  and 
to  wash  the  carbolate  so  obtained  with  benzene  before  acidi- 
iy'mg,  thus  removing  the  considerable  quantity  of  oil  dis- 
solved by  the  stronger  carbolate.  The  dissolved  benzene  is 
driven  off  by  heat  before  liberation  of  the  acids.  The  neces- 
sity for  making  all  measurements  at  the  same  temperature 
has  also  been  shown.  It  wiU  readily  be  seen  that  since  the 
coefficients  of  expansion  of  the  tar  oils  are  about  0.0007  to 
0.0010,  a  difference  of  several  degrees  in  temperature  between 
initial  and  final  measurements  wiR  make  a  very  considerable 
error  in  the  results.  In  the  work  described  below,  in  which 
these  methods  were  appUed,  the  changes  noted  were  used. 

Analyses  of  Synthetic  Mixtures 

The  first  part  of  the  investigation  consisted  of  the  analyses 
of  sjTithetic  mixtures  by  the  various  methods.  For  the  prepa- 
ration of  these  mixtures  a  neutral  coal-tar  oil  was  used  from 
wliich  the  phenols  and  pjTidine  bases  had  been  completelj' 
removed  by  extractions  with  soda  and  with  sulfuric  acid. 
The  phenols  consisted  of  a  mixture  of  specially  purified,  oil- 
free  phenol,  o-cresol,  and  m-p-cresol  in  proportions  to  approxi- 
mate their  natural  occurrence.  ^Mi.vtures  of  the  oil  and 
phenols  were  made  up  by  -^-olume  with  great  care.  In  order 
to  determine  the  effect  of  a  less  careful  purification  of  the 
oil  used  in  the  mixtures,  two  mixtures  were  made  from  oil 
in  which  the  pyridine  bases  were  not  extracted  and  the  tar 
acids  only  rouglily  extracted.  This  showed  a  pjrridiue-base 
content  of  4.0  per  cent  and  a  tar-acid  content  of  0.3  per  cent, 
the  tar  acids  being  determined  by  a  liberation  method  and  be- 
ing therefore  actually  isolated  and  identified  as  phenols. 
AH  these  mixtures  were  analj'zed  by  the  modified  Weiss  con- 
traction method,  and  some  by  the  modified  Weiss  liberation 
method.     The  results  appear  in  Table  I. 

Table  I — Analyses  of  Synthetic  Mi.xture 
Phenols  Phenols  Found 

Present  Voll-me  Per  cent 

Volume  Contraction       Liberation 

Sample  Per  cent  Method  Method  Remarks 

1  3.0  3.0  

(      20.0  20.3 

2  20.0  J      19.8  20.2 

I      20.2  

3  25.0  25.0 

4  25.0  25.2  I 

I      25.2  25.9      '  .,. 

5  25.2  ]      25.3  2t)  0       i'    Pyridine  not  extracted 


25. 


It  wUl  be  noted  from  Table  I  that  the  results  with  the  con- 
traction method  are  shghtly  higher  than  the  theoretical, 
while  the  results  with  the  liberation  method  are  still  loigher. 
The  incomplete  extraction  of  the  oil  used  in  the  mixtures 
appears  to  have  very  little  effect  on  the  contraction  method 
at  least. 

Duplicate  determinations  were  made  by  Chapin's  method 
on  the  95.26  per  cent  mixture  corresponding  to  Sample  6. 
Although  the  determinations  were  carried  out  with  the  utmost 
care  to  avoid  loss,  check  values  of  91.0  and  91.0  per  cent  were 
obtained.  It  should  be  noted  that  if  these  results  are  multi- 
plied bj'  the  specific  gravity  of  the  mixture  at  the  tempera- 
tm-e  of  measurement — in  this  case  1.047 — values  of  95.3  per 
cent  are  obtained,  which  check  well  ■nith  the  theoretical. 
This  would  be  the  logical  procedm'e  to  obtain  volume  per 
cent  if  Chapin's  arbitrarj^  factor  were  omitted. 


Analysis  of  ComiERciAL  Oil 

The  fact  that  the  contraction  method  gives  good  results  on 
a  sj-nthetic  mixture  of  a  purified  oil  and  a  purified  tar-acid 
mixture,  does  not  necessarily  show  that  it  gives  equally  as 
good  results  on  a  natural  coal-tar  oil  which  has  not  been 
extracted.  Accordingly,  determinations  were  made  by  both 
the  contraction  and  liberation  methods  on  two  samples  of 
commercial  dip  oOs.  The  results  given  in  Table  II  show 
a  good  check  between  the  two  methods. 

Table  II — Analyses  op  Commercial  Oils 

' Phenols  Found — VoLt".ME  Per  cent 

Sample  Contraction  Method  Liberation  Method 

(      14.8  15.0 

'  I      15.0  15.0 

i      25.6  25.4 

S  ■       25.6  25,2 

(25.3 

It  was  noticed  in  the  course  of  the  work  on  the  liberation 
method  that  in  general  the  lower  the  A-olume  of  carbolate, 
the  liigher  the  final  result.  This  is  to  be  expected  from  the 
solubility  of  the  tar  acids  in  the  sodium  sulfate  underlie 
from  the  liberation.  For  example,  in  the  results  on  Sample  5 
in  Table  I,  where  results  were  obtained  which  are  compara- 
tively the  liighest,  the  lowest  volume  of  carbolate  was  ob- 
tained. If  this  method  is  to  be  used,  the  volume  and  strength 
of  carbolate  to  be  obtained,  together  with  the  quantity  of 
sulfuric  acid  to  neutralize,  should  be  standardized. 

A  determination  was  run  on  Sample  8  by  the  liberation 
method  but  omitting  the  dilution  of  the  liberated  phenols 
viiih  the  naphtha  before  reading.  A  result  of  26.5  per  cent 
was  obtained  as  against  a  mean  result  of  25.3  per  cent  ob- 
tained with  the  naphtha.  A  subsequent  dilution  of  the 
phenols  so  obtained  with  naphtha  precipitated  out  water  to 
the  extent  of  about  1  cc.  corresponding  to  1  per  cent  on  the 
result.  Apparently,  the  omission  of  the  naphtha  gives  high 
results  due  to  dissolved  water  in  the  phenols. 

Recomjiended  Method 

The  results  of  this  work  tend  to  establish  the  accuracy  of 
the  simple  contraction  method  for  determination  of  tar 
acids  in  oils  and  crude  carbolic  acid.  The  method  is  recom- 
mended for  general  use  on  coal-tar  oils  and  crude  carbolic 
acids  in  the  following  form: 

Apparatus — Tar-acid  funnel,  Type  2,=  200-cc.  distilling  flask; 
100-cc.  standardized  pipet;    condenser. 

Reagents — Sodium  hydroxide,  10  per  cent  solution. 

Procedure — A  100-cc.  sample  of  the  oil  at  25°  C.  is  measured 
into  the  distilling  flask  and  distilled  to  decomposition,  the  dis- 
tillate being  collected  in  the  tar-acid  funnel.  The  volume  of 
the  distfllate  is  carefully  read  at  25°  C.  and,  if  no  solids  have  sep- 
arated, is  extracted  with  three  successive  portions  of  100  cc. 
each  of  10  per  cent  caustic  soda  solution.  In  each  case  after  the 
soda  is  added  to  the  oil,  the  whole  is  thoroughly  shaken  and  is 
then  allowed  to  settle  completely  before  drawing  off  the  soda 
layer.  The  volume  of  the  residual  oil  after  complete  settling  is 
carefully  noted  at  25°  C.  The  decrease  from  the  volume  of  the 
distilled  oil  before  extraction  to  the  volmne  after  extraction  is 
the  per  cent  by  volmne  of  phenols. 

In  the  case  of  samples  containing  so  much  naphthalene  as 
to  show  separated  solids  at  25°  C,  the  temperature  of  the  three 
measurements  may  be  raised  to  40°,  or  even  60°  C,  extraction 
being  made  also  at  the  same  temperature. 

If  the  sample  contains  over  35  per  cent  tar  acids,  the  quantity 
taken  for  distillation  should  be  cut  to  50  cc.  or  25  cc.  so  as  to 
give  not  more  than  35  cc.  of  tar  acids.  Before  distillation  the 
material  should  be  made  up  to  100  cc.  with  clean,  dry  kerosene. 
The  result  obtained  should  be  multiplied  by  2  or  4. 

Where  the  sample  to  be  tested  contains  water  it  should  be 
removed  by  catching  the  first  few  cubic  centimeters  of  distil- 
late in  a  small  separatory  funnel  containing  a  little  saturated 
salt  solution,  separating  the  water  and  adding  the  oil  to  the  rest 
of  the  distillate  in  the  tar-acid  funnel. 

If  no  diminution  in  volume  takes  place  on  extraction,  a  trace  ol 
tar  acids  may  be  detected  by  acidifying  the  soda  drawn  off  and 
noting  the  odor. 
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The  Vapor  Pressure  of  Volatile  Solvents' 

Solutions  of  Benzene,  Hexane,  and  Cyclohexane  in  Various  Types  of  Lubricating  Oils, 

with  Molecular  Weight  Data 

By  Robert  E.  Wilson  and  Edward  P.  Wylde 

Massachusetts  Institute  of  Technology,  Cambridge.  Mass. 


The  work,  described  in  this  paper  was  designed  to  determine  the 
vapor  pressure  exerted  by  various  types  of  volatile  solvents  dissolved 
in  nonvolatile  oils.  The  data  are  of  particular  importance  in 
connection  with  (a)  the  recovery  of  solvents  from  gases  by  scrubbing 
with  absorbent  oils,  (i)  cran\-case  dilution  in  internal  combustion 
engines,  (c)  the  removal  of  traces  of  solvent  from  solvent-extracted 
edible  oils. 

Direct  vapor  pressure  measurements  were  made  on  benzene, 
hexane,  and  cyclohexane  (selected  as  typical  of  the  three  important 
classes  of  hydrocarbons),  dissolved  in  several  proportions  in  asphalt- 
base,  paraffin-base,  and  California  lubricating  oils,  and  in  various 
types  of  gas-absorbent  oils.  The  apparatus  used  was  similar  to 
that  previously  employed  by  Wilson  and  Barnard  in  measuring 
the  elective  volatility  of  motor  fuels,  and  while  not  extremely  precise 
was  quite  satisfactory  for  the  purpose  on  hand. 

According  to  Raoult's  law,  the  vapor  pressure  of  solutions  of 
similar  molecules  should  be  directly  proportional  to  the  mol  per 
cent  present.  In  order  to  determine  whether  or  not  this  law  could 
be  relied  upon  as  reasonably  accurate  for  mixtures  of  hydrocarbon 
such  as  those  studied  in  this  paper,  or  to  determine  the  direction 
and  magnitude  of  the  deviations  therefrom,  the  molecular  weights 
of  the  various  oils  used  were  determined  by  measuring  the  freezing- 
point  lowering  of  dilute  benzene  solution.  For  oils  of  similar  vis- 
cosity, the  molecular  weight  increases  in  the  following  order:  Cali- 
fornia, asphalt-base,  paraffin-base,  and  vegetable  or  animal.  The 
difference  between  the  first  two  is  slight. 

The  vapor  pressure  of  most  of  the  combinations  check  reasonably 
well  with  Raoult's  law.  The  most  striking  exception  to  the  rule  is 
hexane  in  castor  oil,  which  is  the  only  combination  which  deviates 
in  one  direction  at  low  concentrations  and  in  the  other  at  high. 
Benzene  in  castor  oil  and  also  in  paraffin-base  oil  gives  much  lower 
vapor  pressures  than  those  calculated  from  Raoult's  law  at  low 
molecular  concentrations,  but  above  60  mol  per  cent  the  deviations 
are  not  large  even  in  these  cases. 

In  all  cases  increasing  the  temperature  from  25°  to  100°  C. 
either  had  a  negligible  effect  on  the  relative  vapor  pressure  of  the 
solutions  or,  more  frequently,  lowered  it  slightly.  The  effect  of 
temperature  was  most  pronounced  on  those  solutions  which  gave 
vapor  pressures  above  or  near  that  indicated  by  Raoult's  law,  and 
least  on  those  which  gave  the  lower  vapor  pressures. 

Hexane,  which  is  of  especial  interest  as  representing  the  paraffin 
hydrocarbons,  which  constitute  most  of  the  present-day  motor  fuel, 
when  dissolved  in  paraffin-base  oil,  checks  Raoult's  law  fairly  well, 
as  might  be  expected  from  their  molecular  similarity.  In  asphalt- 
base  oil,  especially  at  lower  temperatures,  it  gives  abnormally  high 
vapor  pressures,  indicating  a  lower  solubility. 

Benzene,  probably  because  of  its  unsaturated  nature,  gives  evi- 
dence of  molecular  attraction  and  consequent  low  vapor  pressures, 
in  castor,  asphalt-base,  and  paraffin-base  oil.  Combining  the 
results  in  this  paper  with  those  on  various  gas-absorbent  oils,  it 
seems  that  as  a  general  rule  benzene  goes  gradually  from  slight 

1  Presented  before  the  Section  of  Petroleum  Chemistry  at  the  64th 
Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September 
4  to  S,  1922, 

^  Published  as  Contribution  No.  66  from  the  Research  Laboratory  of 
Applied  Chemistry,  M.  I.  T. 


positive  deviations  for  oils  of  low  molecular  weight  to  large  negative 
deviations  as  the  molecular  weight  of  the  oil  increases. 

Cyclohexane  behaves  very  much  like  benzene,  though  giving  in 
general  slightly  higher  curves. 

As  far  as  deviations  from  Raoult's  law  at  the  lower  concentrations 
are  concerned,  the  four  kinds  of  oil  may  be  arranged  in  the  following 
general  order  of  increasing  tendency  to  absorb,  for  a  given  molecular 
weight:  California,  asphalt-base,  paraffin-base,  and  castor.  It 
will  be  noted,  however,  that  this  is  also  precisely  the  order  of  increas- 
ing molecular  weight  for  a  given  viscosity,  and  since  if  Raoult's 
law  held  precisely  the  oils  of  higher  molecular  weight  would  ab- 
sorb less  solvent,  the  two  effects  tend  to  neutralize  one  another 
to  a  surprising  extent,  especially  for  the  mineral  oils.  The  same 
tendency  was  observed  in  the  case  of  the  gas-absorbent  oils  of  different 
molecular  weight  but  similar  source — the  deviations  from  Raoult's 
law  almost  exactly  counterbalanced  differences  in  molecular  weight. 
Indeed,  in  some  ways  the  most  striking  fact  brought  out  by  the  whole 
investigation  is  the  comparatively  small  difference  in  the  per  cent 
by  weight  or  volume  of  a  given  solvent  absorbed  under  specified 
conditions  by  widely  different  k'nds  of  hydrocarbon  oils.  This 
conclusion  does  not  apply  to  other  nonvolatile  oils  containing  oxygen, 
such  as  glycerides,  cresols,  etc. 

Castor  oil  is  not  completely  miscible  with  hexane  at  temperatures 
below  48.5°  C.  A  solubility  curve  is  given  for  this  combination  at 
temperatures  down  to  20°  C. 

The  method  of  applying  the  foregoing  results  to  the  three  practical 
problems  mentioned  above,  and  some  of  the  conclusions  to  be  drawn 
from  such  application,  are  briefly  discussed. 


A  KNOWLEDGE  of  the  vapor  pressure  of  volatile  sol- 
vents, such  as  benzene  and  hexane,  dissolved  in  various 
types  of  relatively  nonvolatile  oils,  is  of  commercial 
importance  in  a  considerable  number  of  applications.  Of 
these,  the  three  most  important  are:  (a)  the  recovery  of 
solvents  from  gases  by  scrubbing  with  cold  absorbent  oils, 
as  in  recovering  benzene  from  coal  gas  or  gasoline  from  natural 
gas;  (b)  the  dilution  of  crank-case  oils  with  fuels  in  internal 
combustion  engines;  and  (c)  the  removal  of  the  last  traces  of 
volatile  solvents  from  oils  and  fats  obtained  by  solvent- 
extraction  processes. 

Furthermore,  in  order  to  be  of  real  value,  measurements 
should  be  made  at  a  sufficient  variety  of  different  tempera- 
tures to  make  possible  accurate  inter-  or  extrapolations  over 
a  fairly  wide  temperature  range. 

In  spite  of  the  commercial  importance  of  such  information, 
very  little  work  has  been  done  along  these  lines,  even  at  ordi- 
nary temperatures,  and  no  generalizations  have  been  drawn 
which  would  make  it  possible  to  calculate  appro.ximate 
figures  for  a  specific  case.  It  was  the  object  of  the  investi- 
gation undertaken  by  this  laboratory  to  make  possible  such 
generalizations  and  approximate  calculations  for  the  three 
general  types  of  volatile  hydrocarbons — paraffin,  naphthene, 
and  aromatic — dissolved  in  most  of  the  ordinary  types  of 
nonvolatOe  oils.  This  paper  deals  with  the  general  methods 
employed  in  measm-ing  the  vapor  pressures  and  determining 
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the  molecular  weights,  and  details  the  results  on  various  types 
of  lubricating  oils,  including  castor  oil.  A  subsequent  paper 
covers  the  results  on  the  different  kinds  of  gas-absorbent 
oils. 

What  few  data  are  available  in  the  literature  are  discussed 
under  the  specific  sections  to  which  the  data  apply. 
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pure  solvent.  For  the  purpose  in  hand,  benzene  appeared 
to  be  the  most  suitable  solvent;  since  it  readily  dissolves 
practically  all  hydrocarbons,  is  easily  obtainable  in  a  fairly 
pure  state  (it  need  not  be  absolutely  pure,  since  the  freezing- 
point  lowering  is  figured  by  difference,  using  the  freezing 
jjoint  of  the  particular  sample  as  the  reference  point),  and 
its  freezing  point  is  very  convenient  (5.48°  C.)  for  experi- 
mental manipulation.  It  gave  excellent  results  with  various 
gas-absorbent  oils  (molecular  weights  160  to  260)  and 
lighter  lubricating  oils,  and  was  fairly  satisfactory  even  for  a 
paraffin-base  oil  (molecular  weight  407).  Castor  oil  (molecu- 
lar weight  900)  gave  rather  unsatisfactory  results.^ 

The  general  method  of  determining  molecular  weights  by 
the  freezing  point-lowering  method  is  described  in  several 
textbooks  on  physical  chemistry,  and  need  not  be  discussed 
in  any  detail.  The  apparatus  used  was  essentially  the  regu- 
lar Beckmann  arrangement,  the  solutions  being  made  up  by 
weighing  the  oil  and  then  the  benzene  directly  into  the  inside 
test  tube  of  the  apparatus.  The  tube  is  then  placed  inside 
the  larger  tube,  which  is  surrounded  by  the  ice  bath,  and  the 
solution  is  stirred  constantly.  The  mercury  in  the  Beckmann 
thermometer  falls  slowly  to  a  pwint  slightly  below  the  freezing 
point,  because  of  .supercooling,  and  then  rises  to  a  substan- 
tially constant  level,  the  freezing  point  of  the  solution.  This 
maximum  constant  temperature  is  recorded  and  the  crystals 
of  benzene  are  melted  by  the  heat  of  the  hand  and  refrozen. 
The  two  freezing  points  should  check  to  0.005  degree,  and 
are  often  identical. 

In  the  more  concentrated  solutions,  particularlj'  those  of 
the  heavier  oils,  some  yellow  colloidal  matter  slowly  coagu- 
lates on  standing,  but  does  not  appear  to  affect  the  results, 
except  that  it  generally  promotes  supercooling  and  makes 
the  freezing  point  somewhat  more  fugitive. 

The  general  procedure  in  calculating  molecular  weights 
from  data  on  the  freezing-point  lowering  is  to  work  with  ex- 
tremeh'  dilute  solutions  and  calculate  the  results  according 
to  the  approximate  formula: 
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MoLEcuiAR  Weight  Determinations 

In  order  to  compare  the  observed  vapor  pressures  of  the 
various  solutions  with  those  calculated  from  Raoult's  law, 
it  is  necessary  to  determine  the  average  molecular  weight  of 
the  various  oUs  used,  that  of  the  volatile  solvents  being, 
of  course,  well  known.  Surprisingly  little  mformation  is 
available  along  these  Imes,  and  all  the  determinations  had  to 
be  made  in  this  laboratory. 

Vapor  density  methods  are  obviously  not  suitable  for  the 
determination  of  the  molecular  weights  of  these  oils,  on  ac- 
count of  their  low  volatility.  The  simplest  and  most  suit- 
able method  appears  to  be  the  measurement  of  the  freezing- 
point  lowering  produced  svhen  the  oils  are  dissolved  in  some 
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where 

7"o  =  freezing  point  of  pure  solvent 

T    =  freezing  point  when  containing  solute 

Fo  =  65.6,  freezing-point  constant  for  benzene 

N   =  number  of  mols  of  solute 

No  =  number  of  mols  of  solvent 

M  =  molecular  weight  of  solute 

D   =  7"o— r=  freezing-point  lowering 

W  =  grams  solute  (oil) 

H'o  =  grams  solvent  (benzene) 

It  is  the  experience  of  the  WTiters,  however,  that  for  work 
in  the  average  laboratory  the  errors  are  diminished  by  mak- 
ing most  of  the  measurements  with  concentrations  high 
enough  to  give  freezing-point  lowerings  from  0.5  to  2°  C. 
For  such  fairly  high  concentrations  this  simple  form  of  the 
freezing  point-lowering  equation  is  far  from  precise,  and 

3  When  this  paper  was  presented  before  the  Section  of  Petroleum  Chem- 
istrj-,  C,  F.  Mabery  stated  that  he  had  not  found  benzene  satisfactory  for 
the  determinations  of  molecular  weights  of  hydrocarbons  above  300  or  400, 
and  recommended  stearic  acid  for  the  purpose.  The  general  procedure 
would  be  the  same  for  either  solvent.  It  is,  of  course,  quite  possible  that 
difTerent  solvents  would  give  somewhat  different  results  for  the  molecular 
weights  of  certain  oils,  owing  to  var>-ing  degrees  of  association  of  the  heavier 
molecules,  but  if  all  the  results  are  calculated  in  terms  of  molecular  weights 
as  dttcrmined  in  dilute  benzene  soltilion.  any  deviations  due  to  small  amounts 
of  association  will  merely  be  lumped  with  other  causes  of  deviations  from 
Raoulfs  law. 
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recourse  is  tlierefore  had  to  a  similar  equation,  which  is 
somewhat  more  precise  for  higher  concentrations: 

M 
N       _  W 

N  +  N„  ~  '^"  W   ,    W„ 
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Even  this  equation 
is  not  rigidly  exact 
up  to  such  high  con- 
centrations, but  by 
jjlotting  the  values 
calculated  for  the 
molecular  weight 
against  the  freezing- 
jioint  lowering,  as  in 
the  following  figures, 
and  by  extrapolation 
of  this  representa- 
tive line  hack  to  zero 
freezing-point  lower- 
ing, it  is  possible  to 
obtain  results  of  suffi- 
cient accuracy  for 
the  purpose  in  hand, 
at  least  for  hydro- 
carbon oils  below  400 

yxui/rta mm oa-/lcss;an  -c  Jj-,    niolecular    Weight. 

''■°-  ■*  In  order  to  check 

up  the  freezing-point  constant  for  the  sample  of  benzene 
used  and  the  method  of  calculation  at  higher  concentrations, 
a  few  determinations  were  made  on  carefully  purified  naph- 
thalene, the  molecular  weight  thus  determined  checking  the 
the  true  value  (128)  within  one  unit. 

In  determining  the  molecular  weights  of  various  oils,  it 
will  be  noted  that  practically  all  the  results  indicate  highei' 
apparent  molecular  weights  at  the  higher  concentrations. 
This  is  probably  due  to  the  tendency  of  some  of  the  constitu- 
ents in  the  oil  to  associate  or  even  to  form  colloidal  particles 
at  the  higher  concentrations.  This  might  be  taken  to  in- 
dicate that  benzene  is  not  as  good  a  solvent  as  might  be  de- 
sired, but  it  is  doubtful  if  any  solvent  could  be  found  in  which 
the  heavier  molecules  would  not  associate  to  some  extent. 
The  extrapolation  of  the  line  back  to  zero  concentration 
should,  hu\ve\-er,  eliminate  most,  if  not  all,  of  the  error  due 
to  association. 

Molecular  weight  determinations  by  the  foregoing  pro- 
cedure have  been  made  on  thirteen  different  kinds  of  oil.^ 
The  results  on  the  eight  gas-absorbent  oils,  which  check 
surprisingly  well  with  their  known  properties,  are  discussed 
in  a  subsequent  paper,  but  the  curves  for  the  four  lubricating 
oils  are  shown  in  Figs.  1  to  4,  inclusive.  Of  these,  the  results 
with  the  asphalt-base  oil  were  quite  satisfactory,  while  the 
three  heavier  oils  gave  a  rather  rapid  change  of  ajiparcnt 
molecular  weight  with  concentration.  Although  the  possible 
error  on  the  castor  oil  is  rather  large  the  figure  900  is  quite 
reasonable,  since  pure  ricinolein  would  have  a  molecular 
weight  of  932  and  the  impurities  would  almost  certainly 
lower  this  figure.  The  extrapolation  to  zero  concentration 
of  the  curves  for  the  other  two  oils  gives  results  which  are 
probably  reliable  within  2  or  3  per  cent,  which  is  sufficient 
for  present  purposes. 

Method  of  Making  Vapor  Peessure  Measurements 

The  apparatus  used  in  making  the  vapor  pressure  measure- 
ments on  the  various  mixtures  was  substantially  identical 


'  Most  of  the  determinations  were  made 
Davis  and  F.  J.  Guerin  as  a  part  of  their  thesf 
ments  for  the  degree  of  B.S.  at  M.  I.  T. 


this  laboratory  by  D.  S. 
□  fulfilment  of  the  require- 


with  that  employed  by  this  laboratory  in  its  investigation 
of  the  volatility  of  motor  fuels. ^  It  is  shown  diagrammati- 
cally  in  Fig.  5,  and  consists  essentially  of  a  20-cc.  bulb  with 
a  small  balancing  manometer  attached,  both  of  which  are 
immersed  in  a  constant  temperature  bath. 

In  adapting  this  apparatus  and  procedure  to  the  problem 
in  hand,  it  was  necessary  to  make  certain  modifications. 
In  working  with  gasoline  the  various  components  were  not 
widely  different  in  boiling  point,  and  it  was  possible  to  remove 
the  dissolved  air  by  boiling  off  up  to  1  per  cent  of  the  liquid 
without  appreciably  changing  the  vapor  pressure  of  the 
residue.  In  this  case,  however,  as  much  as  95  per  cent  of 
the  liquid  is  frequently  a  nonvolatile  oil,  and  boiling  out  the 
air  by  the  previously  recommended  method  was  found  to 
change  the  concentration  sufficiently  to  make  a  serious  error 
in  some  cases. 

It  was  found,  however,  that  the  loss  in  the  volatile  con- 
stituent could  be  kept  negligibly  small,  and  yet  almost 
completely  remove  the  air  by  cooling  the  flask  in  an  ice 
and  salt  bath,  evacuating  the  air  with  a  good  vacuum 
pump,  and  then  closing  the  stopcock,  shaking,  evacuating 
again,  and  repeating  this  procedure  for  five  or  six  times  until 
the  sample  ceased  to  give  any  indication  of  frothing  or  of 
a  rise  in  pressure  on  shaking.  Even  then  a  trace  of  air  or 
other  fixed  gas  probably  remained  in  the  flask,  but  it  did  not 
cause  appreciable  error  on  account  of  the  method  of  treating 
the  results,  descrilsed  in  the  subsequent  section. 

Another  precaution  found  necessary  was  in  the  treatment 
of  the  nonvolatile  oils  before  the  addition  of  the  volatile 
•solvent.  Vapor  pressure  measurements  were  made  on  all 
the  pure  oils  in  the  same  manner  as  on  the  sfjutions,  and  a 
number  of  them,  especially  the  vegetable  oils,  had  vapor 
Ijressures  far  higher 
than  was  indicated  by 
their  boUing  points.  It 
was  found  that  these 
abnormally  high  values 
were  generally  due  to 
traces  of  moisture,  and 
in  order  to  decrease 
the  magnitude  of  the 
blank  correction,  all 
the  oils  were  heated 
to  12.5°  C.  and  a  small 
amount  of  dry  nitro- 
gen or  hydrogen  was 
bubbled  through  be- 
fore they  were  used  in 
making  up  the  solu- 
tions. This  generally 
reduced  the  vapor  pres- 
sure of  the  oil  itself  to 
a  very  low  figure,  ex- 
cept in  gas  absorbent 
oil  No.  8,  which  was 
f[uite  appreciably  vol- 
atile in  itself. 

The  apparatus  dif- 
fers from  the  one  pre- 
\-iously  used  only  in  the 
substitution  of  a  two- 
way  vacuum  stopcock  for  the  three-way  cock  previously 
used,  which  gave  some  trouble  on  account  of  leakage. 

All  the  solutions  were  made  up  by  adding  weighed  amounts 
of  the  volatile  solvent  to  the  nonvolatile  oil  in  4-ounce  oil 
sample  bottles,  enough  being  made  up  for  at  least  two  check 
determinations.     About  15  cc.  of  the  resulting  solution  were 

5  Wilson  and  Barnard,  This  Journai.,  13,  10,  906  (1921). 
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poured  into  the  apparatus  through  the  manometer  arm,  the 
whole  cooled  and  evacuated  as  described  above,  and  then 
the  temperatures  gradually  raised,  measurements  being  taken 
about  every  10  degrees  between  15°  and  110°  C.  Before 
each  measurement  the  small  manometer  was  balanced  by 
admitting  or  evacuating  air  from  the  far  side,  the  difference 
between  the  vapor  pressure  of  the  solution  and  atmospheric 
pressure  being  read  on  the  large  manometer  at  room  tem- 
perature. 
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Practically  all  the  observations  were  made  with  ascending 
temperatures,  although  it  is  possible  to  check  well  except  at 
the  lowest  temperatures  if  the  solutions  are  cooled  verj' 
slowly. 

Method  of  Treatixg  Results 

If  these  vapor  pressure  observations  on  a  given  solution 
are  plotted  against  the  temperature,  a  higlily  curved  line  re- 
sults, which  caimot  be  accurately  extrapolated,  nor  can  it 
be  used  to  check  up  the  consistency  of  a  series  of  observations. 

However,  the  van't  Hoff  equation,  which  may  be  -nTitten: 


dXogp     _ 


(t) 


R 


indicates  that  if  the  logarithm  of  the  vapor  pressure  of  a 
pure  liquid  is  plotted  against  the  reciprocal  of  the  absolute 
temperature,  the  slope  of  the  line  at  a  given  point  should 
be  proportional  to  heat  of  vaporization  at  the  temperature 
in  question.  For  most  liquids  the  heat  of  vaporization  is 
fairly  constant  over  a  moderate  range  of  temperatures,  and 
this  method  of  plotting  therefore  gives  an  approximately 
straight  Une.  Similarly,  in  the  case  of  a  given  solution  a 
plot  of  the  logarithm  of  the  partial  pressure  of  one  con- 
stituent against  —  should  have  a  slope  proportional  to  its 

heat  of  vaporization  from  that  solution,  which  is,  in  turn, 
the  algebraic  sum  of  the  heat  of  vaporization  of  the  pure 
volatile  constituent  and  the  partial  heat  of  dilution  (mixing) 
at  the  concentration  in  question.  For  mixtures  such  as 
those  under  consideration  in  this  article,  the  heats  of  mixing 
or  dilution  are,  in  general,  quite  small  compared  with  the 
heat  of  vaporization,  and  the  vapor  pressure  plots  for  a  series 
of  concentrations  of  a  given  volatile  solvent  plotted  by  the 
method  recommended  above  should  therefore  give  a  series 
of  approximately  parallel  and  approximatelj''  straight  lines 
(as,  for  example,  in  Fig.  6).  This  again  makes  possible  much 
more  accurate  interpolations  and  extrapolations  of  the  data, 
and  also  aids  in  checking  up  the  consistency  of  a  series  of 
runs  with  vari,ing  concentrations  of  volatile  material.  For 
very  precise  work  on  pure  compounds  these  approximations 


would  not  be  of  sufficient  accuracy  to  be  of  great  value,  but 
they  are  extremely  helpful  for  the  purpose  in  hand  where 
an  accuracy  of  2  or  3  per  cent  is  quite  satisfactory, 
especially  since  the  measurements  are  made  on  commercial 
mixtures  whose  composition  could  not  be  precisely  repro- 
duced. 

To  show  the  precise  method  of  treating  the  observations, 
the  single  series  of  observations  on  mixtures  of  "hexane" 
and  paraiEn-base  lubricating  oil  will  be  considered  in  detail. 
Referring  to  Fig.  6,  the  upper  curve  plotted  by  the  method 
recommended  above  shows  the  vapor  pressure  measure- 
ments on  the  "hexane"*  itself.  The  four  intermediate  lines 
represent  the  observations  on  four  different  solutions  of  hexane 
in  the  paraffin-base  oil,  two  check  runs  ha\ing  been  made 
on  each,  as  indicated  by  the  two  different  kinds  of  points. 

It  win  be  noted  that  all  the  lines  for  aU  the  solutions  are 
approximately  parallel,  although  the  blank  on  the  oil  alone 
has  a  much  smaller  slope,  as  would  be  expected.  The  agree- 
ment of  the  individual  points  is  good  except  at  the  lower 
temperatures,  where  inaccuracies  in  reading  the  manometer 
and  the  presence  of  traces  of  air  combine  to  make  the  results 
somewhat  variable.  Below  15°  C.  the  readings  are  almost 
always  above  the  extrapolated  straight  line,  but  from  the 
laws  discussed  above,  it  is  beUeved  that  a  reasonable  extrapo- 
lation of  these  lines  is  quite  justified.  Undoubtedly,  however, 
the  observed  values  at  temperatures  above  35°  C.  are  better 
than  those  below,  especially  in  the  case  of  the  less  volatile 
solutions. 

From  these  best  representative  Unes,  the  total  vapor  pres- 
sures for  the  different  solutions  at  an}'  specified  temperature 
may  be  read  off  and  plotted  as  a  function  of  concentration. 
The  simplest 
method  of  plot- 
ting would  be 
against  the  per 
cent  by  weight, 
but  this  would 
give  highly  curved 
lines  which  would 


require     s 

number  of  points 
to  determine  their 
precise  location. 

According  to 
Raoult's  law,  how- 
ever, in  "ideal" 
solutions  — i.  e., 
where  the  effective 
attractive  forces 
between  like  and 
unlike  molecules 
in  the  solution  are 
identical — the  par- 
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Fig. 


^  This  material  was  obtained  through  the  kindness  of  Thomas  Midgley, 
Jr.,  of  the  General  Motors  Research  Corporation,  who  obtained  it  by  the 
fractionation  of  a  large  volume  of  paraffin-base  gasoline.  It  was  found, 
however,  to  have  a  rather  wide  boiling  range,  and  was  redistilled  through  a 
small  laboratory  column,  taking  only  that  which  came  over  between  68" 
and  70°  C.  It  was  therefore  not  pure,  and  gave  a  vapor  pressure  curve 
slightly  higher  throughout  than  that  recorded  in  the  literature  for  normal 
hexane.  The  material  is  therefore  referred  to  as  "hexane"  throughout  this 
paper,  but  since  all  the  solution  vapor  pressures  ate  eventually  expressed 
as  per  cent  of  the  vapor  pressure  of  the  pure  volatile  constituent  at  the  same 
temperature,  this  does  not  cause  any  appreciable  error,  and  these  percenlage 
results  may  be  applied  to  pure  hexane. 

In  the  case  of  the  benzene  the  observed  vapor  pressures  checked  those 
in  the  literature,  with  a  slight  deviation  at  lower  temperatures,  while  the 
curve  for  the  cyctohexane  (Eastman  Kodak)  checked  at  the  boiling  point 
although  no  data  were  found  for  other  temperatures.  The  log  vapor  pres- 
sure vs.  centigrade  temperature  curves  for  the  three  pure  solvents, 
as  for  other  related  hydrocarbons,  are  shown  in  Fig.  9. 
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tial  pressure  of  any  constituent  should  be  directly  proportional 
t«  its  percentage  in  the  solution  by  molecules  (mol  per  cent). 
In  other  words,  if  the  partial  pressure  of  the  volatile  material 
is  plotted  against  its  mol  per  cent,  it  should  give  a  straight 
line  passing  through  the  origin,  and  through  the  vapor 
pressure  of  the  pure  material  for  a  mol  per  cent  of  100. 

Practically  all  actual  solutions  deviate  to  a  greater  or 
less  extent  from  this  ideal  straight  line,  but  the  deviation 
for  solutions  of  various  hydrocarbons  in  one  another  should 
not,  in  general,  be  large.  If  there  is  a  marked  attractive 
force  or  tendency  to  form  loose  compounds  between  the 
solute  and  the  solvent,  the  vapor  pressure  lowering  is  greater 
than  that  predicted  by  Raoult's  law,  and  the  lines  obtained 
by  the  foregoing  method  of  plotting  would  be  concave  up- 
ward. If,  on  the  other  hand,  the  two  materials  have  com- 
paratively little  affinity  for  one  another,  as  in  the  case  of  com- 
pounds which  differ  greatly  in  internal  pressure,  etc.,'  the 
lowering  of  the  vapor  pressure  would  then  be  less  than  that 
indicated  by  the  ideal  straight  line,  and  the  curve  convex 
upward.  Sometimes  this  convexity  is  so  great  that  the 
vapor  pressure  of  certain  intermediate  (supersaturated) 
solutions  is  higher  than  that  of  the  pure  solvent,  which  must, 

'  For  a  good  discussion  of  the  mutual  solubility  of  liquids  see  Mortimer, 
J.  Am.  Chem.  Soc,  44,  1416  (1922). 


of  course,  result  in  the  separation  of  two  phases  between 
certain  limits,  as  is  illustrated  by  the  curve  for  hexane  in 
castor  oil    (Fig.    12). 

By  plotting  the  data  from  Fig.  G  in  this  manner,  the  three 
lines  shown  in  Fig.  7  for  60°,  80°,  and  100°  C.  may  be  ob- 
tained. It  wiU  be  noted  that  the  lines  are  nearly  straight, 
but  that  they  do  not  pass  tlirough  the  origin  because  the 
pressure  measured  is  the  total  pressure  (oil  -|-  hexane). 
To  get  the  partial  pressure  of  the  hexane  alone,  a  small 
correction  term  is  subtracted  from  each  observation,  its 
magnitude  being  calculated  on  the  assumption  that  the  partial 
pressure  of  the  oil  itself  follows  Raoult's  law,  as  indicated 
in  the  figure.  This  assumption  may  not  be  accurate,  but 
the  error  introduced  by  the  possible  deviations  is  entirely 
negligible. 

One  disadvantage  of  the  method  of  plotting  used  in  Fig.  7 
is  the  fact  that  the  curves  for  the  lower  temperatures  (25°  C, 
etc.)  cannot  be  read  accurately,  nor  is  extrapolation  to  higher 
or  lower  temperatures  facilitated.  If,  however,  the  vapor 
pressures  at  the  different  temperatures  are  plotted  as  per 
cent  of  the  saturation  pressure  of  the  pure  volatile  constituent 
at  the  same  temperature,  a  great  improvement  results.  In- 
deed, for  all  solutions  obeying  Raoult's  law,  this  will  give 
a  single  straight  line  for  all  temperatures,  and  requires  only 
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a  single  vapor 
pressure  -  tempera- 
tiu-e  curve  for  the 
pure  volatile  con- 
stituent in  order 
to  calculate  the 
vapor  pressure  of 
any  solution  at 
any  temperature. 
For  solutions 
which  deviate 
moderatelj-  from 
Raoult's  law,  the 
same  method  of 
plotting  results  in 
a  family  of  rather 
closely  grouped 
curves  for  the  dif- 
erent  tempera- 
tures, thus  mak- 
ing accurate  inter- 
polation or  even 
reasonable    extrapolation   a   simple  matter. 

The  results  on  the  partial  pressure  of  the  "hexane"  dis- 
solved in  the  paraffin-base  lubricating  oil,  and  corrected 
for  the  vapor  pressure  of  the  oil  itself  by  the  method  de- 
scribed above,  are  shown  in  Fig.  8.  It  appears  that  the 
partial  pressure  of  these  solutions  approximates  Raoult's 
law  quite  closely  in  the  main,  although  the  percentage  de- 
viation becomes  fairly  large  for  dilute  solutions.  The  di- 
vergence between  the  different  temperatures  is  little,  if  any, 
greater  than  the  limit  of  error  of  the  measurements  at  the 
lower  temperatures. 

It  is  obvious  from  a  study  of  this  figure  that  results  at 
0°  or  200°  C.  could  probabh'  be  calculated  more  accurately 
than  they  could  be  measured,  knowing  the  vapor  pressure 
curve  for  pure  hexane.  The  vapor  pressure  vs.  centigrade 
temperature  curves  for  hexane,  cyclohexane,  and  benzene, 
as  well  as  for  pentane,  octane,  and  toluene,  are  shown  in 
Fig.  21. 

In  the  interests  of  economy  of  space,  all  the  results  ob- 
tained on  the  various  combinations  are  henceforth  presented 
in  the  same  final  form  as  those  in  Fig.  8,  without  presenting 
the  intermediate  stages  in  the  graphical  treatment  of  all  the 
observations.  The  practical  and  theoretical  significance  of 
the  results  is  discussed  in  the  three  following  sections. 


EXPERIMENT.^L  RESULTS 

In  order  to  have  the  results  bear  as  directly  as  possible  on 
the  problem  of  crank-case  dilution,  three  mineral  oils  of 
similar  viscosity  (corresponding  to  a  light  motor  oil)  were 
selected  as  representative  of  the  product  obtained  from 
three  different  types  of  crude.  The  paraffin-base  oil  was 
made  by  standard  refining  processes  from  crude  taken  from 
a  single  well  in  the  Appalachian  field,  the  well  being  selected 
as  one  giving  a  very  high  proportion  of  saturated  paraffins; 
the  asphalt-base  oil  was  simiilarly  made  from  crude  from  a 
single  well  on  the  Gulf  Coast,  known  to  contain  no  paraffin. 
The  California  oil  was  obtained  from  the  Associated  Oil 
Company,  through  the  kindness  of  C.  W.  Stratford,  as  repre- 
sentative of  their  regular  product  from  California  crude. 
It  was  knowii  as  "215  viscosity  California  Spindle." 

The  physical  properties  of  the  three  samples  of  oil  are 
given  in  the  following  table.  The  Gulf  Coast  and  California 
oils  are  rather  similar  in  properties,  as  might  be  expected, 
but  the  Appalacliian  is  much  lighter  in  gravity  in  spite  of 
its  higher  \nscosity,  indicating  clearly  the  gi'eat  difference 
in  composition.  It  is  also  interesting  to  note  that  for  a 
gi^-en  viscosity  the  asphalt-base  oil  has  a  lower  average  molec- 
ular weight  than  the  paraffin-base  oil,  while  the  California  is 
still  a  little  lower.  Tliis  checks  up  with  the  higher  flash 
point  of  the  paraffin-base  oil,  and  the  fact  that  fractions  of 
a  given  viscosity  from  California  crude  generally  have  lower 
distillation  ranges  than  similar  fractions  from  Appalachian 
crude. 

For  comparative  purposes  the  data  on  two  straight-run, 
gas-absorbent  oils  made  from  Midcontinent  crude  are  also 
given  in  the  table. 


Table  I- 

-Properties  of  Mi.ver.i 

I.  Oils  Used  in 

E-xperiments 

Saybolt 

Specific 

Baume 

Viscos 

ty 

Av. 

Gravity  (A.  P.  I 

at 

Plash 

Fire 

Mol. 

Reperred  to  as        Source        60°  F. 

Scale) 

100  °F 

.   °F. 

°F. 

Wt. 

Paraffin-base 

.Appalachian     0.8S1 

29.1 

2.56 

405 

435 

407 

Asphalt-base 

Gulf  Coast        0.929 

20.8 

215 

320 

345 

309 

California 

California           0.925 
crude 

21.5 

213 

340 

3S5 

294 

Gas-absorbent 

Midcontinent  0.832 

38.8 

40 

210 

255 

214 

oil  No.  2 

Gas-absorbent 

Midcontinent  0.851 

34.8 

56 

235 

295 

253 

oil  No.  3 

In  addition  to  the  mineral  oils,  a  sample  of  castor  oil  was 
selected  as  representative  of  the  glycerides,  which  are  also 
used  to  a  considerable  extent  for  lubrication.     Its  viscosity 
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and  also  its  molecular  weight  were,  of  course,  much  higher 
than  those  of  the  mineral  oils.  The  data  obtained  on  it 
should  also  be  applicable,  at  least  qualitatively,  to  the  im- 
portant problem  of  solvent  removal  from  solvent-extracted 
vegetable   oils,   etc. 

As  indicated  previously,  the  three  volatile  materials — • 
benzene,  cycloliexane,  and  hexane — were  also  selected  as 
representative  of  the  three  important  classes  of  hydrocarbons. 
For  convenience  their  physical  properties  are  also  summar- 
ized in  the  following  table.  The  complete  vapor  pressure 
curves  are  given  in  Fig.  21. 


Materiai, 

Formula 

Molecular 
Weight 

Specific 
Gravity 
60°  F. 

Baume 
(.4.  P.  I.) 
60°  F. 

Viscosity 
Boiling    at  100  °  F 
Point      Centipoises 

Benzene 
Hexane 
Cyclohexan 

CbHs 
CsH,. 
C.H,2 

78.08 
86.15 
84.13 

0.878 
0.660 
0.779 

29.6 
82.9 
50.0 

79.70           0.51 
69  05           0  72 
80.75 

The  results  on  ten  of  the  twelve  possible  combinations 
between  the  three  volatile  and  the  four  nonvolatile  con- 
stituents are  presented  in  graphical  form  in  Figs.  S  to  17, 
inclusive.  Of  these  the  first  six  were  explored  rather  care- 
fully, while  on  the  last  four  the  shortage  in  available  time 
and  the  apparent  close  agreement  with  RaoUlt's  law  in 
three  of  the  combinations  seem  to  justify  the  position  of  the 
lines  as  drami,  although  only  two  sets  of  points  were  deter- 
mined on  each.  Complete  curves  on  three  gas-absorbent 
oils  are  also  given  in  a  subsequent  paper. 

Rather  than  discuss  the  individual  results  in  detail,  certam 
general  conclusions  which  seem  to  be  justified  by  a  study  of 
the  whole  series  of  measurements  will  be  pointed  out.  They 
should  be  checked  by  further  work  covering  a  wider  range  of 
oils.  Pending  the  acquisition  of  such  further  data,  it  seems 
desirable  to  present  the  following  as  tentative  conclusions 
based  on  the  results  to  date; 

1 — The  vapor  pressures  of  most  of  the  combinations  check 
quite  reasonably  well  with  Raoult's  law.  The  most  striking 
e.\ception  to  the  rule  is  hexane  in  castor  oil,  which  is  the  only 
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combination  which  deviates  in  one  direction  at  low  concentra- 
tions and  in  the  other  at  high.  It  is  discussed  in  detail  later. 
Benzene  in  castor  oil  and  also  in  paraffin-base  oil  gives  much 
lower  vapor  pressures  than  those  calculated  from  Raoult's  law 
at  low  molecular  concentrations,  but  above  60  mol  per  cent  the 
deviations  are  not  large  even  in  these  cases. 

2 — In  all  cases  increasing  the  temperature  from  2.^°  to  100°  C. 
either  had  a  negligible  effect  on  the  relative  vapor  pressure  of 
the  solutions,  or,  more  frequently,  lowered  it  slightly.  The  effect 
of  temperature  was  most  pronounced  on  those  solutions  which 
gave  vapor  pressures  above  or  near  that  indicated  by  Raoult's 
law,  and  least  on  those  which  gave  the  lower  vapor  pressures.' 
This  tendency,  if  extrapolated  to  200°  or  300°  C,  would  seem 
to  indicate  curves  concave  upwards  for  all  solutions  at  these 
high  temperatures.  This  conclusion  cannot  be  accepted  without 
reservation,  however,  in  view  of  the  fact  that  deviations  from 
Raoult's  law  generally  tend  to  decrease  as  the  temperature  in- 
creases, but  it  might  be  accounted  for  if  the  apparent  molecular 
weights  determined  in  benzene  at  low  temperatures  tended  to 
be  high  due  to  association  which  disappeared  at  very  high  tem- 
peratures. 

3 — Hexane,  which  is  of  especial  interest  as  representing  the 
paraffin  hydrocarbons,  which  constitute  most  of  the  present-day 
motor  fuel,  when  dissolved  in  paraffin-base  oil  checks  Raoult's 
law  fairly  well,  as  might  be  expected  from  their  molecular  simi- 
larity. In  asphalt-base  oil,  especially  at  lower  temperatures, 
it  gives  abnormally  high  vapor  pressures,  indicating  a  lower 
solubility. 

4 — Benzene,  probably  because  of  its  unsaturated  nature,  gives 
evidence  of  molecular  attraction,  and  consequent  low  vapor 
pressures,  in  castor,  asphalt-base,  and  paraffin-base  oil.  Com- 
bining the  results  in  this  paper  with  those  in  various  gas-ab- 
sorbent oils,  it  seems  that  as  a  general  rule  benzene  goes  gradually 
from  slight,  positive  deviations  for  oils  of  low  molecular  weight 
to  large,  negative  deviations  as  the  molecular  weight  of  the  oil 
increases. 

,5 — Cyclohexane  behaves  very  much  like  benzene,  though 
giving  in  general  slightly  higher  curves. 


8  For  reasons  discussed  in  connection  with  the  methods  used,  the  vapor 
pressure  measurements  at  the  lower  temperatures  tended  to  come  slightly 
high,  so  that  the  curves  for  60°  and  100°  C.  are  more  reliable  than  those  for 
23°  C. 
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6 — As  far  as  deviations  from  Raoult's  law  at  the  lower  con- 
centrations are  concerned,  the  four  kinds  of  oil  may  be  arranged 
in  the  following  general  order  of  increasing  tendency  to  absorb, 
for  a  given  molecular  weight:  California,  asphalt-base,  paraffin- 
base,  and  castor.  It  will  be  noted,  however,  that  this  is  also 
precisely  the  order  of  increasing  molecular  weight  for  a  given 
viscosity,  and  since  if  Raoult's  law  held  precisely  the  higher  the 
molecular  weight  the  lower  the  amount  absorbed,  the  two  effects 
tend  to  neutralize  one  another  to  a  surprising  extent,  especially 
for  the  mineral  oils.  The  same  tendency  was  observed  in  the 
case  of  the  gas-absorbent  oils  of  different  molecular  weight  but 
similar  source — the  deviations  from  Raoult's  law  almost  exactly 

counterbalanced  differ- 
ences in  molecular 
weight.  Indeed,  in  some 
ways  the  most  striking 
fact  brought  out  'oy  the 
whole  investigation  is 
the  comparatively  small 
difference  in  the  per 
cent  by  weight  or  vol- 
ume of  a  given  solvent 
absorbed  under  specified 
conditions  by  widely 
different  kinds  of  hydro- 
carbon oils.  This  conclu- 
sion does  not,  of  course, 
apply  to  other  nonvola- 
tile oils  containing  oxy- 
gen, such  as  glycerides 
cresols,  etc. 

Figs.  18  and  19  show 
the  per  cent  by  weight 
of  benzene  and  hexane, 
respectively,  held  by 
different  kinds  of  oil  as 
a  function  of  the  percentage  saturation  in  the  vapor  phase  at 
60°  C.  These  curves  are  changed  comparatively  little  by 
small  variations  in  temperature,  as  indicated  by  Figs.  8  to  17, 
inclusive.  The  comparativelj'  small  proportion  absorbed 
at  low  partial  pressures  is,  of  course,  due  to  the  comparatively 
high  molecular  weight  of  the  oils  as  compared  with  the  vola- 
tile constituents.  It  will  be  noted  that  on  this  basis  the  dif- 
ferences in  absorptive  capacity  of  ■widely  different  kinds  of 
oil  are  surprisingly  small. 

Referring  again  to  the  interesting  exceptional  case  of 
hexane  in  castor  oO  (Fig.  12),  it  wiU  be  noted  that  at  low- 
molecular  concentrations  of  hexane  there  appears  to  be  a 
surprising  affinity  between  the  two  kinds  of  molecules,  but 
at  higher  concentrations  there  is  a  marked  deviation  in  the 
opposite  direction — so  much,  indeed,  that  it  results  in  the 
separation  of  two  phases  at  lower  temperatures,  marked  by 
the  characteristic  horizontal  line  on  the  vapor  pressure 
curve  at  25°  C.  The  mutual  solubility  of  the  two  products 
was  determined  approximately  for  temperatures  between 
20°  and  50°  C.  by  cooling  various  mixtures  and  noting  the 
point  at  which  two  phases  appeared  and  then  redissolved  on 
heating.  The  results  are  shown  in  Fig.  20.  It  will  be 
noted  that  the  two  are  completely  miscible  at  temperatures 
above  48.5°  C,  whUe  at  25°  C.  the  two  phases  contain  about 
44  and  99  per  cent  hexane,  respectively.  These  correspond 
to  mol  fractions  of  about  S9.5  and  99.9  mols  of  hexane,  which 
limits  the  straight  line  for  the  vapor  pressure  at  25°  C.  on 
Fig.  12. 

Practical  Aspects  of  the  Results 

For  an}'  practical  problem,  the  general  method  of  employ- 
ing the  foregoing  data  ■n'ill  be  similar — for  example,  to  de- 
termine an  approximate  figure  for  the  vapor  pressure  of  any 
given  solution  of  the  tjTses  discussed  abo\-e  at  any  ordinary 
temperature,  it  is  merely  necessarj-  to  know: 

1 — The  approximate  vapor  pressure  of  the  pure  volatile  con- 
stituent at  the  temperature  in  question. 

2 — The  approximate  molecular  weight  of  the  nonvolatile 
solvent. 


3 — The  direction  and  approximate  magnitude  of  the  deviation 
from  Raoult's  law  for  the  given  type  of  combination  at  the 
temperature   and   concentration   in   question. 

For  many  of  the  more  common  cases  the  data  given  in  this 
article  are  sufficient  to  make  an  appropriate  calculation, 
assuming  of  course  that  volatile  paraffin  hydrocarbons  are 
tj-pified  by  hexane,  aromatic  hj'drocarbons  by  benzene, 
and  naphthene  hydrocarbons  by  cyclohexane,  so  far  as  their 
de\-iations  from  Raoult's  law  in  a  given  solution  are  con- 
cerned. In  many  other  cases  it  will  be  necessary  to  deter- 
mine at  least  the  molecular  weight  of  the  nonvolatile  oU. 
Even  if  a  given  case  falls  outside  the  classes  for  which  any 
data  are  given,  the  adoption  of  the  methods  of  measurement 
and  plotting  described  herein  will  greatly  facilitate  obtaining 
the  desired  results. 

As  indicated  previously,  the  results  obtained  have  im- 
mediate bearing  on  at  least  tliree  important  practical  prob- 
lems— crank-case  dilution,  solvent  recovery  by  oil  scrubbing, 
and  solvent  removal  from  extracted  fats.  The  general 
application  of  these  results  to  each  of  these  cases  wiU  be 
discussed  in  brief. 

Cr.\.nk-Case  Dilution — The  dilution  of  oil  in  the  crank- 
case  of  internal  combustion  engines  by  fuel  which  in  one  way 
or  another  passes  the  piston  rings,  is  a  well-recognized  prob- 
lem in  many  cars,  especially  in  winter,  or  in  tractors,  etc., 
where  kerosene  is  burned  as  the  fuel.'  How  far  the  \-iscosity 
of  the  oil  may  be  reduced  by  such  means  before  trouble 
results  is  a  controversial  question  wth  which  this  paper  is 
not  concerned,  but  in  many  cases  it  seems  to  be  the  limiting 
factor  in  determining  the  permissible  volatility  of  the  fuel 
for  given  conditions  of  ser\'ice,  and,  hence,  is  of  considerable 
practical  importance. 
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It  might  not  appear  at  first  sight  that  the  mutual  solu- 
bility of  the  fuel  and  the  oil — as  measured  by  the  vapor 
pressure  lowering  produced  when  one  is  dissolved  in  the 
other — would  be  an  important  factor  in  crank-case  dilution, 
but  investigations  of  this  phenomenon  show  that,  while  the 
degree  of  dilution  varies  greatly  with  temperature,  fuel 
volatility,  and  engine  conditions,  if  a  given  set  of  conditions 

>  Kramer.  /.  Soc.  Automoihe  Eng.,  6,  335  (1920). 


August,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


809 


is  kept  constant,  the  amount  of  fuel  dissolved  in  the  crank- 
case  increases  rapidly  at  first,  and  then  the  curve  gradually 
flattens  off  and  approaches  a  fairly  constant  degree  of  dOution 
characteristic  of  the  particular  set  of  conditions.  This 
behavior  can  only  be  explained  on  the  assumption  that  a 
point  is  eventually  reached  where  the  rate  at  which  fuel  is 
dissolving  in  the  oil  is  just  balanced  by  its  rate  of  reevapo- 
ration.  Different  oils  probably  differ  little  in  the  rate  at 
which  they  absorb  fuel  initially,  but  they  would  certainly 
be  expected  to  differ  in  the  amount  they  take  up  before  the 
partial  pressure  of  the  dissolved  fuel  is  sufficient  for  it  to 
reevaporate  at  the  rate  necessary  to  prevent  further  dilution. 
The  foregoing  results  show  that  for  given  engine  condi- 
tions the  amount  of  dilution  will  depend  upon  (a)  the  boiling 
point  of  the  less  volatile  portion  of  the  fuel  (probably  best 
measured  by  the  85  per  cent  point),  (6)  the  molecular  weight 
of  the  oil,  (c)  tlie  magnitude  and  direction  of  the  deviations 
from  Raoult's  law  for  the  combmation  in  question. 

Of  tliese  the  first  factor  is  probably  the  most  important, 
but  for  a  given  gasoline  (containing  largely  paraffin  hydro- 
carbons) an  asphalt-base  oO,  or  a  vegetable  oil,  will  dissolve 
somewhat  less  fuel  than  a  paraffin-base  oil  of  similar  \'iscos- 
ity.'"  The  difference  is,  however,  not  as  large  as  might  be 
expected,  because  the  difference  in  molecular  weight  tends 
to  counterbalance  the  deviations  from  Raoult's  law. 

To  indicate  the  order  of  magnitude  of  the  differences  be- 
tween different  oils,  it  may  be  stated  that  if  a  given  set  of 
engine  conditions  diluted  a  paraffin-base  oil  until  it  contained 
at  equilibrium  1.5  per  cent  of  high-gasoline  ends,  under  simOar 
conditions  an  asphalt-base  oil  of  similar  viscosity  would  take 
up  about  1 1  per  cent,  and  castor  oil  (of  much  higher  viscosity) 
also  about  11  per  cent.  A  similar  difference  in  dilution  could 
be  produced  by  a  difference  of  7°  to  10°  C.  in  the  85  per  cent 
point  of  the  fuel,  or  in  the  temperature  of  the  crank-case 
oil,  so  that  the  differences  between  different  kinds  of  oil 
met  with  in  practice  are  by  no  means  as  important  as  differ- 
ences likely  to  be  encountered  in  fuels,  and  particularly  in 
engine  conditions. 

To  be  complete,  from  this  standpoint,  the  experunents 
should  show  whether  or  not  the  reduction  in  viscosity  of  the 
different  lubricants  was  a  function  only  of  the  amount  of 
dilution,  or  varied  considerably  with  the  different  kinds  of 
oil  and  fuel.  Unfortunately,  however,  the  available  samples 
of  oil  were  practically  exhausted  by  the  vapor  pressm-e 
measiu'ements,  which  were  more  comprehensive  than  at 
first  contemplated,  and  only  a  few  preHminary  measurements 
could  be  made.  For  the  samples  tried,  it  appeared  that  the 
per  cent  dilution  was  much  more  important  than  the  char- 
acter of  the  diluent  or  of  the  kind  of  oO,  provided  the  latter 
had  the  same  initial  viscosity.  For  oils  which  differed  in 
initial  viscosity,  the  per  cent  change  on  dilution  was,  of  course, 
greater  the  more  viscous  the  oil. 

For  the  oils  used  in  these  experiments,  15  per  cent  dilution 
with  hexane  or  benzene  gave  \'iscosities  at  100°  F.  between 
52  and  64  seconds  Saybolt. 

There  seemed  to  be  no  simple  relationship  which  would 
permit  accurate  calculation  of  the  viscosity  of  mixtures. 
Bingham's  approximation"  that  fluidities  are  additive  was 
found  to  be  far  from  true  for  these  cases,  oils  containing 
15  per  cent  diluent  giving  somewhat  less  than  half  the  fluidity 
calculated  on  this  assumption. '- 

i"  In  accordance  with  the  observations  of  Garner  as  reported  by  Parish. 
J.  Am.  Soc.  Naval  Ens.  32,  57  U920). 

"  "Fluidity  and  Plasticity,"  p.  92. 

1-  Since  the  above  was  written  a  paper  by  J.  L.  Claydon  has  ap- 
peared in  Automotive  Industries.  November  23,  1922,  which  gives  some  data 
on  the  effect  of  the  amount  of  kerosene  on  the  viscosity  of  oils.  The  re- 
duction in  viscosity  at  a  given  per  cent  dilution  was  considerably  less  than 
that  observed  with  hexane  and  benzene,  but  has  been  checked  up  roughly 
by  a  few  experiments  with  kerosene. 


Solvent  Recovery  in  Oil  Scrubbers — The  foregoing 
data  are  also  useful  in  calculating  approximately  the  equi- 
libria involved  in  oil-scrubbing  systems  for  solvent  for  re- 
covery. Here  the  desired  property  is  exactly  the  opposite 
from  that  for  use  in  a  crank-case,  and  a  paraffin-base  oil 
would  be  better  as  an  absorbent  than  an  asphalt-base  oil 
of  similar  viscosity.  Better  than  either  would  be  a  fraction 
of  the  lowest  possible  molecular  weight  consistent  with  a 
high  enough  boiling  pomt  to  prevent  volatilization  losses 
in  the  scrubber,  or  contamination  of  the  recovered  product 
if  this  should  be  important. 

A  very  recent  paper  by  Cantilo'^  brings  out  clearly  how 
Raoult's  law  may  be  used  to  calculate  quantities  of  impor- 
tance in  the  design  of  scrubbers.  These  calculations  will 
be  correspondingly  more  valuable  and  reliable  now  that 
the  foregoing  data  are  available  as  to  the  deviations  from 
Raoult's  law  for  certain  typical  cases. 

The  important  case  of  coal-gas  scrubbers  for  the  recovery 
of  aromatic  hydrocarbons  is  discussed  in  a  subsequent  article. 

The  Removal  of  Solvent  from  Solvent-Extracted 
Oils — For  this  purpose  the  important  part  of  the  data  is 
the  volatility  of  the  last  traces  of  solvent  dissolved  in  the 
vegetable  oils — in  other  words,  the  slope  of  the  vapor  pressure 
curve  as  it  leaves  the  origin.  The  data  obtained  along  these 
lines  are  as  yet  insufficient  to  permit  generalizations,  except  that 
the  assumption  of  the  validity  of  Raoult's  law  in  this  region 
is  quite  unsafe — the  two  values  for  hexane  and  benzene  in 
castor  oil  giving  about  half  of  the  theoretical  vapor  pressure 
at  low  concentrations. 

Vapor  pressure  data  must  also  be  supplemented  by  de- 
terminations of  the  least  amount  which  can  be  detected  or 
is  harmful  in  the  pure  oU.  Complete  removal  is  obviously 
impossible  in  any  system,  but  it  is  readily  possible  by  counter- 
current  steam  distillation  in  a  suitable  tower  to  bring  it  below 
any  reasonable  limit  set  by  taste,  odor,  or  toxicity. 
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Dr.  Svedberg  Honored 

.  In  recognition  of  his  leadership  a.s  an  international  authority 
on  colloid  chemistry  and  his  success  in  the  direction  of  research 
work  at  the  University  of  Wisconsin  during  the  past  semester, 
this  university  conferred  the  honorary  degree  of  doctor  of  science 
upon  The  Svedberg,  of  the  University  of  Upsala,  at  its  June 
commencement.  On  presentation  of  Dr.  Svedberg  to  the  presi- 
dent. Prof.  F.  L.  Paxson,  chairman  of  the  Committee  on  Award 
of  Honorary  Degrees,  said; 

Mr.   PRE.SIDSNT; 

The  Svedberg  received  his  doctor's  degree  only  sixteen  years  ago,  yet 
to-day  his  laboratories  in  the  ancient  University  of  Upsala  are  recognized 
as  the  world's  most  active  spot  for  the  study  of  the  formation  and  properties 
of  colloids.  Chemical  science  has  advanced  in  those  sixteen  years.  It  has 
nearly  revolutionized  the  arts  of  war;  and  the  needs  of  war  in  turn  have 
brought  profound  changes  in  the  approach  to  chemistry.  From  the  inter- 
actions of  the  two  there  is  promise  that  the  quiet  life  of  mankind  will  forever 
be  improved. 

During  the  past  semester,  as  a  resident  in  the  University  of  Wisconsin , 
Professor  Svedberg  has  brought  to  his  department  a  fresh  scholarship  and  a 
new  technic.  He  has  continued  here  that  peaceful  conquest  of  his  colleagues 
that  has  marked  his  career  in  Sweden.  And  the  results  of  his  inspiring 
teaching  are  already  to  be  seen  in  a  growing  disposition  to  look  to  this  uni- 
versity as  a  centre  for  the  study  of  the  special  field  that  he  has  mastered  and 
illuminated. 
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Surface  Tension  of  Alkaline  Soap  Solutions' 

By  E.  B.  Millard 

M.\SSACHUSETTS  INSTITUTE  OF  TECHNOLOGY,  CAMBRIDGE,   MASS. 


THE  use  of  some  al- 
kaline material  in 
conjunction  with 
soap  in  the  ordinary  wash- 
ing of  white  cotton  fabrics 
has  become  somewhat  gen- 
eral practice,  and  long  expe- 
rience seems  to  have  shown 
that  such  cleansing  is  dune 
as  well  and  more  cheai)l>' 
when  a  mild  alkali  is  used 
with  a  diminished  quantity' 
of  soap  than  when  soap 
alone  is  employed.  Sili- 
cate of  soda  has  long  been 
used  as  a  builder  in  cake 
soap  to  make  possible  a  larger  cake  of  soap  at  a  given  price  and 
as  an  alkaline  material.  Most  of  the  substances  commonly 
used  in  power  laundries  for  this  purpose  are  salts  of  weak  acids 
— such  as  washing  soda,  borax  or  sodium  phosphate — wliich 
by  hydrolysis  produce  solutions  of  rnild  alkalinity  and  con- 
siderable reserve  of  alkalinity.  That  is,  considerable  un- 
hydrolyzed  salt  remains  in  solution  and  this  material  hydro- 
lyzes  progressively  as  the  first  quantity  of  alkali  becomes  ex- 
hausted. These  materials  have  an  advantage  over  sodium 
hydroxide  in  that  they  produce  far  less  decrease  in  strength  of 
the  cotton  upon  repeated  washing. 

Probably  the  chief  function  of  soap  in  washing  is  that  of  an 
emulsifying  agent  for  the  greasy  material  which  surrounds  the 
dirt,  holding  it  in  suspension  until  it  is  removed  by  mechan- 
ical agitation  of  the  solution.  While  the  decrease  in  surface 
tension  at  an  interface  when  soapy  water  is  one  of  the  phases 
is  probablj'  not  an  accurate  or  complete  measure  of  the  cleans- 
ing power  of  the  aqueous  phase,  those  substances  which  pro- 
duce large  decreases  of  surface  tension  when  dissolved  in 
water  are  probably  more  efficient  detergents  than  others  which 
have  less  effect  upon  the  surface  tension.  The  decrease  in 
surface  tension  produced  by  an  "addition  agent"  when  a 
soap  solution  of  mixed  concentration  is  used,  has  been  consid- 
ered a  measure  of  the  cleansing  power  until  some  more  defi- 
nite way  of  measuring  this  property  is  established.^  Inter- 
facial  tensions  against  benzene  at  40°  C.  have  been  calcu- 
lated from  drop  volumes  measured  for  solutions  containing 
0.03  per  cent  of  soap,  together  with  varying  concentrations 
of  several  alkaline  materials  which  are  in  more  or  less  common 
use  in  connection  with  soap.  This  soap  concentration  is 
about  equal  to  that  used  in  ordinary-laundry  practice.  Some 
unpublished  work  done  in  the  institute  laboratories  has  shown 
that  these  benzene-soap  interfacial  tensions  are  of  the  same 
order  of  magnitude  as  when  kerosene  or  emulsifiable  oils 
such  as  olive  oil  are  substituted  for  the  benzene. 

Previous  Work 

Bottazzi^  found  from  his  work  with  sodium  and  potassium 
oleates,  using  a  stalagmometer,  that  pure  soaps  do  not  decrease  the 
surface  tension  of  water  even  when  concentrated  enough  to  form 
a  skin  on  the  surface,  and  that  sodium  or  potassium  hydroxide 
gradually  decreases  the  surface  tension.  He  states  that  only 
unhydrolyzed  molecules  of  soap  lower  the  surface  tension,  and 
that  alkalies  act  only  to  diminish  the  hydrolysis  of  the  soap. 


It  has  long  been  known  thai  alkaline  material  increases  the  deter- 
gent power  of  soap.  Salts  of  weak  acids,  which  produce  mild  alka- 
line  solutions  upon  hydrolysis,  are  most  commonly  used  for  this 
purpose.  It  has  been  found  that  those  substances  which  produce 
the  greatest  decrease  in  surface  tension  are  the  most  efficient  deter- 
gents, and  therefore  the  cleansing  power  of  these  alkaline  "addi- 
tion agents"  can  be  measured  in  this  way,  as  has  been  found  by 
previous  investigators,  although  their  results  do  not  in  all  respects 
agref  with  those  of  the  writer. 

The  writer  has  determined  the  interfacial  tension  of  various  soap 
solutions  against  benzene  by  measuring  the  drop  volume,  comparing 
the  ideal  drop  volume  with  such  a  solution,  and  calculating  by  means 
of  the  equation  2t  r  y  —  mg.  The  results  show  that  sodium 
carbonate  is  the  most  elective  sail  for  reducing  surface  tension. 


■  Received  March  9.  1923. 

2  This  same  assumption  was  adopted  by  EUedge  and  Ishen 
JoiTRNAl.,  8,  793  (1916). 

'Altiaccad.  Lincei.il,  11,365  (1913);   C.  A,  7,  3041  (1913). 


This  conclusion  is  not  sup- 
ported by  the  writer's  pre- 
liminary measurements  of 
drop  volumes  at  25°  C,  in 
which  0.05  per  cent  of  soap 
decreased  the  interfacial  ten- 
sion of  water  against  kerosene 
45  percent,  and  further  addi- 
tion of  soap  caused  only  a 
slight  further  decrease  in  the 
surface  tension,  indicating  an 
approach  to  surface  satura- 
tion. Similar  results  were  ob- 
tained by  White  and  Martin* 
in  connection  with  solutions 
of  soap. 

The  measurements  of  El- 
ledge  and  Isherwood-  upon 
drop  volumes  of  solutions  of 
soap  and  salts  of  weak  acids 
at  100°  C.  refer  to  concentrations  of  soap  and  added  alkaline  salts 
which  are  higher  than  those  used  in  this  work,  but  they  show  an 
increase  in  drop  number  (corresponding  to  a  decrease  of  surface 
tension)  upon  the  addition  of  soap  alone  to  water.  In  their  work 
no  mention  is  made  of  the  use  of  a  correction  curve  such  as  those 
developed  by  Lowenstein  and  by  Harkins,  so  that  their  drop 
volumes  are  not  strictly  proportional  to  surface  tensions.  These 
writers  state  that  when  equivalent  quantities  of  the  various  ad- 
dition agents  are  used,  the  same  decrease  in  drop  volume  is  pro- 
duced regardless  of  the  nature  of 
the  salt  used.  The  work  reported 
below  does  not  agree  with  this  con- 
clusion; for  example,  the  inter- 
facial.tension  of  0.03  per  cent  soap 
plus  0.12  per  cent  Na3P04.12H20 
against  benzene  is  11. .3  dynes,  and 
the  interfacial  tension  when  0.05  ^ 
per  cent  sodium  carbonate  (an 
equivalent  amount)  is  used  with 
0.03  per  cent  soap  solution  in  place 
of  sodium  phosphate,  is  14  dynes. 
Shorter  and  EHingworth*  have 
made  some  experiments  of  a  simi- 
lar character,  in  many  of  which 
the  fatty  acid  was  in  excess  over 
total  alkali.  Their  paper  contains 
a  full  discussion  of  the  emulsify- 
ing action  of  soaps. 

Experimental 

The  apparatus  used  in  these 
measurements  (Fig.  1)  consists 
of  a  measuring  pipet  sealed  to  a 
capillary  tube  the  lower  end  of 
which  is  of  circular  cross  sec- 
tion and  ground  at  an  angle  of 
90  degrees  to  the  axis  of  the 
tube.^  All  the  measurements 
were  made  with  a  tip  ha^  ing  a 
radius  of  0.343  cm.  This  tip  is 
immersed  in  a  flask  of  benzene 
supported  upon  a  stopper  ha^•ing 
an  exit  for  displaced  air;  and 
the  whole  lower  portion  of  the 

apparatus  is  immersed  in  a  water  thermostat  held  at  40°  C. 
by  means  of  an  electric  heater.  To  the  upper  end  of  the 
measuring  pipet  is  attached  a  small  air  chamber  into  which 

<  J.  Phys.  Cliem.,  24,  617  (1920). 

s  Proc.  Roy.  Soc.  London.  MA,  231  (1916). 

"  The  apparatus  and  method  are  adapted  from  Harkins  and  Brown, 
J.  Am.  Chem.  Soc,  38,  246  (1916).  as  a  more  rapid  but  less  accurate  proce- 
dure suitable  for  first  exploration  of  the  field  covered. 
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mercury  can  be  dropped,  which  by  displacing  air  causes 
the  slow  formation  of  drops  on  the  end  of  the  capillary 
tip.  Before  filling  the  pipet  with  a  solution  the  constant 
temperature  bath  and  benzene  flask  are  set  aside  and  the  ben- 
zene is  wiped  from  the  dropping  tip  with  a  clean  cloth.  The 
tip  is  then  innnersed  in  the  solution,  which  is  drawn  into  the 
pipet  by  drawing  off  mercury  at  a  until  the  meniscus  stands 
near  the  top  mark  of  the  pipet.  Then  the  tip  is  again  wiped 
carefully  on  the  sides,  but  not  on  the  bottom,  and  mercury 
is  allowed  to  flow  into  the  air  chamber  c  through  a  capillary 
nozzle  controlled  by  stopcock  b,  until  a  drop  of  solution  is 
suspended  from  the  tip.  This  drop  should  wet  the  whole 
bottom  of  the  tip  and  none  of  the  side — that  is,  it  should  look 
I  ike  tip  m  and  not  like  n  or  p  of  the  drops  sketched  in  the  figure. 
In  case  the  drop  does  not  completely  cover  the  circum- 
ference of  the  capillary,  the  tip  must  be  cleaned  and  a  per- 
fect drop  produced.  Then  the  flask  of  benzene  is  carefully 
raised  into  position  and  held  by  the  stopper  while  the  constant 
temperature  bath  is  brought  up  around  it. 
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After  sufficient  time  has  elapsed  so  that  the  benzene  and 
the  tip  are  at  40°  C,  stopcock  b  is  adjusted  .so  that  mercury 
flows  into  the  air  chamber  very  slowlj-,  causing  the  drop  on 
the  tip  to  increase  in  size.  When  the  drop  falls  off  from  its 
own  weight,  the  stopcock  is  closed  quickly  and  the  position 
of  the  meniscus  is  read.  Then  drops  are  caused  to  faU  very 
slowly  and  they  are  counted  until  10  or  20  have  fallen,  when 
the  stopcock  is  closed  quicklj'  and  the  volume  read  again. 
As  only  3  or  4  drops  fall  per  minute  a  slight  variation  in  the 
nearly  uniform  reaction  time  of  the  observer  in  closing  the 
stopcock  is  not  important,  and  the  drop  volumes  obtained  are 
substantially  correct.  Drop  volumes  so  obtained  are  shown 
in  Table  I.  The  concentrations  of  soap  and  salts  are  in  per 
cent  by  weight  of  the  material  as  it  is  actually  sold  on  the 
market,  since  it  is  these  which  are  of  primary  interest  to 
users  of  washing  chemicals.  In  case  a  comparison  of  chemical 
equivalents  is  desired,  these  may  be  computed  from  the 
following  data:  Sodium  carbonate  is  the  C.  P.  calcined  prod- 
uct; trisodiumphosphate  means  the  hydrate  Na3POj.l2H20; 
"BW"  silicate  of  soda  contains  20  per  cent  NacO,  30  per  cent 
SiO".  and  50  percent  water;  "Star"  silicate  of  soda  contains 
10..5  per  cent  Na20,  and  26.7  per  cent  Si02.  The  "modified 
soda"  is  a  mixture  of  equal  parts  of  sodium  carbonate  and 
sodium  bicarbonate,  which  approximates  the  composition  of 
mixtures  sold  to  the  laundry  trade  but  is  not  identical  in 
composition  with  any  of  them,  so  far  as  the  writer  is  aware. 
A  good  grade  of  commercial  soap,  containing  7  per  cent 
water  and  free  from  excess  alkali  or  fillers  or  builders  of  any 
kind,  was  used,  and  the  solutions  were  freshly  prepared. 
Mixtures  of  the  desired  compositions  were  obtained  by  di- 
luting the  proper  quantities  of  0.1  per  cent  soap  solution  and 


0.2  per  cent  alkali  salt  to  100  cc.  with  distilled  water.  For 
purposes  of  comparison  data  ai;^  ^ho  included  for  additions  of 
sodium  hydroxide. 

The  ideal  volume,  shown  in  Table  I,  is  obtained  from  the 
ratio  of  the  tip  radius  to  the  cube  root  of  the  drop  volume  by 
means  of  a  curve  showing  the  measurements  of  Harkins  and 
Brown,'  and  it  represents  the  weight  of  the  ideal  drop,  which 
is  proportional  to  surface  tension.  In  other  words,  the  vol- 
ume of  the  drop  has  been  corrected  by  the  use  of  this  curve  so 
that  it  corresponds  to  the  law  of  Tate,  and  the  interfacial  ten- 
sion is  proportional  to  tiie  m^ss  of  the  ideal  drop. 

Surface  ten.sions  were  calculated  from'  the  ideal  drop  vpl- 
umes  by  means  of  the ,  equation  27r  r  7,  =  m'g,  in  which  27r 
is  the  circumference  of  the  tip,  y  is  the  surface  tension,  ra 
the  effective  mass  of  the  drop,  ;xi)d  g  the  .■irri'lrr.-ilinn  of  grav- 
ity. The  density  of  water  at  40°  C.  is  O.liiC'.  t  li.it  of  benzene 
is  0.858,  so  that  the  effective  mass  of  ihe  tlrop  is  tlie  product  of 
its  volume  and  the  difference  between  these  densities.  Since 
these  solutions  were  very  dilute,  their  densities  were  a.s- 
sumed  to  be  equal  to  that  of  water  at  the  same  temperature. 
Fig.  2  shows  the  calculated  surface  tensions  as  a  function  of 
the  per  cent  of  alkaline  material  added  to  the  soap  solution. 
Discussion 

From  the  results  of  surface  tension  measurements  showTi  in 
Fig.  2,  it  will  be  seen  that,  excluding  sodium  hydroxide, 
sodium  carbonate  is  the  most  effective  salt  for  reducing  the 
surface  tension.  The  use  of  sodium  hydroxide  is  not  to  be 
recommended  on  account  of  its  weakening  effect  upon  the 
cotton.  A  modified  soda,  made  by  mixing  sodium  bicarbon- 
ate with  sodium  carbonate,  is  seen  to  be  even  less  effective 
than  the  sodium  carbonate  it  contains.  If  the  function  of 
sodium  carbonate  is  to  produce  an  alkaline  solution,  it  is  only 
to  be  expected  that  the  addition  of  one  of  the  products  of 
hydrolysis  would  decrease  the  fraction  hydrolyzed  and  de- 
crease the  alkalinity  of  the  solution.  There  would  appear  to 
be  no  advantage  in  the  use  of  mixtures  of  carbonate  and  bi- 
carbonate if  a  decrease  in  surface  tension  bears  anj^  relation 
to  the  detergent  \-alue  of  a  washing  compound. 


From  the  fact  that  an  alkahiie  silicate  of  soda  jjroduces  a 
greater  decrease  of  surface  ten.sidu  than  a  less  alkaline  silicate, 
a  determination  of  the  actutil  alkalinity  or  hydroxide-ion 
concentration  of  these  solutions  as  a  function  of  the  surface 
tension  would  be  of  great  intereist.  Such  experiments  are  in 
progress  in  another  laboratory  in  the  institute.  Experiments 
upon  the  effect  of  mixtures  of  soap  and  sodium  carbonate 
on  repeated  washing  of  cotton  cloth  are  also  in  progress. 

I  /,  Am.  Chem.  Soc,  41,  499  (1919). 
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The  Gelatinization  of  Lignocellulose — I' 

Preliminary  Paper 


By  A.  W.  Schorger 


C.  F.  Burgess  Laboratories,  Madison.  Wis. 


In  the  course  of  certain  inoestigations  it  was  desirable  to  obtain 
Jrom  wood,  a  gelatinous,  structureless  mass.  It  was  found  that 
although  coniferous  woods  as  a  class  attained  a  high  degree  of 
gelatinization  on  grinding  for  a  moderate  period  of  time  in  water 
only,  the  hardwoods  showed  practically  no  change  under  the  same 
treatment.  Bearing  in  mind  the  pronounced  gelatinizing  action 
of  dilute  alkalies  on  starch,  to  which  the  hemicelluloses  have  a  certain 
resemblance,  experiments  were  made  in  which  wood  was  ground 
in  dilute  alkali,  with  surprising  results.  The  alkali  showed  a 
marked  peptizing  action  on  all  woods,  but  particularly  on  the  hard- 
woods. The  gelatinized  lignocellulose  when  dried  gave  a  dense 
hornlike  mass.  Air-dry,  gelatinized  aspen  had  a  specific  gravity 
of  1 .50,  while  Block*  8'"^^  1.2  for  his  product. 

In  most  of  the  experimental  work,  an  ordinary  earthenware 
ball  mill  was  used.  This  simple  apparatus,  in  view  of  the  high 
degree  of  gelatinization  obtained,  forms  a  marked  contrast  to  the 


expensive  and  somewhat  complicated  Plauson  colloid  mill,  ani 
offers  a  good  example  of  a  case  where  the  simplicity  of  a  phenomenon 
may  be  masked  by  the  magnificence  of  the  apparatus. 

Some  of  the  domestic  species  of  woods  to  which  the  reaction  has 
been  applied  are:  white  pine  (Pinus  strobus  Linn.),  red  pine 
(,Pinus  resinosa  Ait.),  western  red  cedar  {Juniperus  occidenialis 
Hook),  Douglas  fir  (Pseudotsuga  taxifolia  Britton),  redwood 
(Sequoia  sempervirens  Endl.),  bald  cypress  {Taxodium  distichum 
Rich.),  aspen  {Populus  tremuloides  Michx.).  sugar  maple  (Acer 
saccharum  Marsh.),  yellow  birch  (Betula  lutea  Michx.). 

The  reaction  has  also  been  applied  to  the  bark  of  trees  and  the 
cereal  straws. 

When  ground  with  water  alone  the  conifers  as  a  class  gelatinize 
much  more  easily  than  the  hardwoods;  when  alkaline  solutions 
are  used  the  reverse  is  true.  This  forms  another  distinction  be- 
tween gymnosperms  and  angiosperms. 


IT  HAS  been  known  for  a  long  time  that  wood  pulps 
wliich  have  been  obtained  by  a  raw  or  mild  cook — e.  g., 
Mitscherlich  sulfite — gelatinize  readily  by  mechanical 
methods  such  as  beating.  In  the  case  of  raw  wood  as  a  type 
of  lignocellulose,  the  opinion  has  been  held  that  it  is  capable 
of  only  shght  gelatinization.  Cross  and  Bevan"  state: 
"The  hydration  qualities  of  mechanical  pulp  are  not  very 
great."  Furthermore,  Sindall'  states:  "Mechanical  wood 
pulp*** suffers  little  alteration  by  beating  and  no  good 
purpose  is  attained  by  prolonged  treatment."  On  the  other 
hand,  it  has  been  suspected  that  the  superior  quality  of  paper 
made  from  ground  wood  by  hot  grinding  as  compared  with 
cold  grinding  is  due  to  a  superficial  "hydration." 

Recently,  Block*  described  some  of  the  uses  of  the  Plauson 
colloid  mill,  briefly  mentioning  the  gelatinization  of  wood, 
and  he  states  that  alkali  may  be  used  for  peptization.  The 
discovery  of  the  method  of  gelatinization  described  below 
was  made  several  months  before  the  information  contained 
in  Block's  paper  was  available,  but  circumstances  have  pre- 
A-ented  pre\'ious  publication.  It  will  be  shown  that  wood 
gelatinizes  with  great  ease  under  proper  conditions,  giving 
products  having  physical  properties  almost  identical  with 
"ceUulith." 

Experimental 

The  earthenware  mill  used  had  a  total  capacity  of  4.5 
liters.  The  ratio  of  solution  to  wood  generally  employed 
was  1000  cc.  of  the  former  to  25  grams  of  the  latter.  With 
less  liquid  the  contents  in  the  case  of  some  raw  materials 
may  become  too  viscous  to  grind  well.  As  a  general  rule, 
sawdust  passing  a  20-mesh  sieve  was  used  and  the  mill  was 
run  from  24  to  48  hours. 

Action  of  Alkali — Among  the  chemicals  used  were 
barium  hydro.xide,  ammonium  hydroxide,  sodium  carbonate, 
and  sodium  and  potassium  hydroxides.  The  caustic  alkalies, 
.>;ueh  as  sodium  and  potassium  hydroxide,  have  the  greatest 

1  Presented  before  the  Division  of  Cellulose  Chemistry  at  the  64th 
Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September 
4  to  8,  1922. 

•  "Paper  Making,"  1900,  p    169. 

•  "Elementary  Manual  of  Paper  Technology,"  1906,  p.  52. 
«  Z.  ansru:  Chem.,  34,25  (1921). 


peptizing  power.  A  2  per  cent  solution  of  ammonium  hy- 
droxide is  much  less  effective  than  a.  0.25  per  cent  solution  of 
caustic  soda,  while  a  1  per  cent  solution  of  sodium  carbonate 
has  less  action  than  the  ammonium  hydroxide  mentioned. 
The  marked  action  of  small  amounts  of  absorbed  caustic 
soda  may  be  shown  by  the  following  experiment:  Twenty- 
five  grams  of  sliredded  aspen,  the  individual  particles  being 
about  1  cm.  in  length  and  1  mm.  in  width,  were  heated  to 
98°  C.  in  a  1  per  cent  solution  of  caustic  soda,  the  solution 
cooled  to  saturate  the  fibers,  and  filtered.  The  wood  was 
then  placed  in  the  ball  mill  with  one  liter  of  water  and  ground 
48  hours.  The  resulting  product  was  highly  gelatinized. 
Finer  material  ground  for  48  hours  in  water  only  showed  no 
noticeable  gelatinization.  A  similar  experiment  with  white- 
pine  sawdust  showed  that  the  wood  had  taken  up  only  2 
per  cent  of  its  weight  of  caustic  soda  by  this  treatment. 

Woods  rich  in  resin  should  be  given  a  preliminary  extrac- 
tion with  an  organic  solvent,  and  those  of  high  tannin  content 
an  extraction  with  hot  water  to  prevent  neutralization  of 
the  alkali  used  in  grinding.  A  cold,  2  per  cent  solution  of 
ammonia  may  be  conveniently  employed  to  remove  resin 
acids,  tannin,  and  coloring  matter. 

Action  of  Water  Alone — The  angiosperms  gelatinize 
very  slowly  in  water  alone.  Aspen  ground  for  40  hours  in 
this  medium  showed  very  slight  change,  and  100  to  110  hours' 
grinding  was  necessary  to  attain  a  good  state  of  gelatinization. 
The  gymnosperms  as  a  rule  gelatinize  quite  readily,  par- 
ticularly the  pines  and  spruces,  but  there  are  exceptions; 
western  red  cedar  shows  no  apparent  gelatinization  in  water 
only,  but  gelatinizes  in  alkaline  solution;  cypress  has  so  far 
resisted  gelatinization  in  either  medium,  through  a  wide 
range  of  experimental  conditions. 

Gelatiotzation  of  Bark — The  gelathiization  of  bark 
may  be  illustrated  by  the  following:  Thirty  grams  of  the 
bark  of  western  larch  [Larix  occidenialis)  passing  a  40-mesh 
sieve  were  digested  in  the  cold  for  48  hours  with  500  cc.  of 
2  per  cent  ammonia,  filtered,  washed  with  cold,  then  with 
hot  water,  and  the  residue  ground  with  one  liter  of  1  per  cent 
caustic  soda  for  72  hours.  Alanipulated  in  the  usual  way, 
the  bark  after  drying  formed  a  dark,  hornlike  mass. 
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Gelatinization  of  Straw — The  cereal  straws  gelatinize 
easily  and  rapidly. 

Action  of  Alcoholic  Caustic  Soda — Aspen  ground  in 
a  solution  of  1  per  cent  caustic  soda  in  95  per  cent  methanol 
after  washing  with  water  was  found  to  be  gelatinized.  To 
determine  the  effect  of  an  anhydrous  liquid,  15  gi-ams  of  aspen 
passing  a  40-mesh  sieve  were  dried  at  105°  C,  placed  in 
the  ball  mill  with  5  grams  of  caustic  soda  and  500  cc.  of 
absolute  methanol,  and  ground  for  96  hours.  The  lid  of  the 
jar  was  provided  with  a  rubber  gasket  coated  with  vaseline 
to  prevent  access  of  moisture  from  the  air. 

When  the  alcoholic  suspension  of  the  wood  was  filtered, 
the  residue  washed  with  alcohol  and  allowed  to  air-dry,  a 
product  was  obtained  that  powdered  easily  with  the  fingers. 
When  the  wood  washed  and  dried  in  this  maimer  was  in  turn 
washed  with  water  and  dried,  the  material  was  not  much 
harder.  On  the  other  hand,  if  the  wood  was  washed  with 
water  after  the  alcohol  had  been  filtered  off  and  before  air- 
drying,  it  became  gelatinous  and  gave  the  characteristic 
product  on  drying.  This  indicates  that  gelatinization  takes 
place  in  two  distinct  stages. 

(a)  The  wood  acquires  a  peculiar  affinity  for  water  by  me- 
chanical and  possibly  chemical  action. 

(ft)     It  combines  with  water  to  produce  a  gelatinous  product. 

C.\USE  OF  Gelatinization — Until  more  information  is 
available,  gelatinization  may  be  considered  as  resulting 
primarily  from  the  hemicelluloses  in  the  wood  combined  witli 
a  secondary  gelatinization  of  the  cellulose  proper. 

The  presence  of  pectin  in  wood  has  not  been  satisfactorily 
shown;  since  only  about  1.5  per  cent^  appears  to  be  present, 
its  effect  on  gelatinization  could  not  be  very  great.  In 
the  filtrate  obtained  by  grinding  aspen  in  a  one-half  per  cent 
solution  of  caustic  soda,  methyl  alcohol  was  detected  by  the 
Deniges  method  as  employed  by  von  Fellenberg.*  A  very 
faint  iodoform  test  was  obtained  which  may  have  been  due 
to  a  trace  of  acetone.  Tutin'  has  recently  shown  that  0.1 
N  alkali  splits  off  acetone  as  well  as  methanol  from  pectin. 

Wood  gum  is  a  general  term  applied  to  the  hemicelluloses, 
principally  xylan,  that  are  soluble  in  5  per  cent  caustic  soda. 
It  is  stated  to  be  incompletely  soluble  at  ordinary  temper- 
atures in  caustic  soda  below  a  concentration  of  2  per  cent.' 
It  was  thought  that  a  few  determinations  of  the  wood  gum 
would  indicate  the  cause  of  gelatinization  and  support  the 
'  theory  that  the  effect  of  the  alkali  on  gelatinization  was  due 
to  wood  gum. 

The  material  (about  3  gi-ams)  was  treated  in  the  cold  witli 
100  ec.  of  2  per  cent  ammonia  for  24  hours.  The  residual 
wood  was  then  filtered  off,  washed  first  with  cold  and  then 
with  hot  water,  dried,  and  weighed.  It  was  then  treated 
with  100  cc.  of  5  per  cent  sodium  hydro.xide  in  the  cold  for 
24  hours  with  frequent  shaldng,  and  washed  as  above. 

A  preliminary  extraction  of  yeUow  bu'ch  (through  60  on 
100  mesh)  with  5  per  cent  caustic  soda  showed  that  the  ex- 
traction was  practically  complete  in  24  hours,  since  during 
this  period  the  loss  in  weight  was  26.40  per  cent,  and  after 
48  hours,  26.77  per  cent.  The  effect  of  the  degree  of  fineness 
is  much  greater,  as  shown  by  the  data: 

' ' — Solubility  in- 


NH.OH 
Extract 
Per  cent 

NaOH  Extract 

(Wood  Gum) 

Per  cent 

12,96 
8.44 
8.  OS 
7.06 

5.50 
15.23 
20.00 
20.46 

5%  NaOH 
Per  cent 
16.53 


Total  Loss 

Per  cent 

22.79 


In  the  following  table  the  wood  gum  was  determined  on 
material  passing  a  100-mesh  sieve: 

•Schwalbe  and  Becker,  Z.  angew.  Chem.,  32,  229  (1919). 
'  Biochem.     Z.,     86,  68  (1918). 

'  Biochem.  J.,  16,  494  (1921);   Biochem.  Z.,  86,  68  (1918). 
•  Wheeler  and  Tollens,  .Ann.,  264,  322  (1S89). 


Species 
White  pine 
Sugar  maple 
Aspen 
Yellow  birch 

It  wiU  be  noted  that  the  hardwoods  contain  from  three  to 
four  times  as  much  wood  gum  as  the  conifer,  white  pine. 

Young  wood  gelatinizes  more  readily  than  old,  and  the 
rate  of  gelatinization,  up  to  a  certain  point,  increases  with 
the  temperature.  Gelatinized  wood  appears  to  be  only 
shghtly  affected  by  boiling  water.  Ten  grams  of  alkaline, 
gelatinized  aspen  were  filtered,  suspended  in  1  liter  of  dis- 
tilled water,  boiled  for  1.5  hours,  filtered  as  dry  as  possible 
by  suction,  and  the  process  repeated  seven  times.  The 
residue  showed  no  noticeable  decrease  in  gelatinization. 

Dilute  alkalies  did  not  destroy  the  gelatinization  of  aspen. 
To  determine  the  possible  effect  of  removing  xylan,  gelatin- 
ized aspen  was  allowed  to  digest  in  the  cold  in  5  per  cent 
caustic  soda  with  frequent  shaking  for  5  days,  filtered,  washed 
first  with  cold  then  with  hot  water,  and  allowed  to  dry.  The 
residue  was  hard  and  hornhke.  Some  of  the  suspension  of 
gelatinized  aspen  in  5  per  cent  caustic  soda  was  then  boiled 
under  a  reflux  condenser  for  30  minutes,  filtered  through 
fine  muslin,  and  washed  as  above.  The  residue  on  drying 
was  stQl  very  hard. 

Aqueous  suspensions  of  gelatinized  wood  when  allowed  to 
stand  exposed  to  the  atmosphere  frequently  ferment.  The 
fermentation  is  at  first  accompanied  by  a  pleasant  ethereal 
odor  which  in  time  becomes  nauseous.  The  wood  has  then 
lost  its  power  to  form  the  characteristic  hornlike  masses.  This 
action  is  evidently  due  to  bacteria.  The  same  phenomenon 
was  recognized  many  years  ago  in  the  case  of  weU-beaten  pulps. 

Treatment  of  Gelatinized  Wood — The  gelatinizjd 
wood  is  flocculated  by  acidifying  the  alkaline  solution  with 
acetic  acid.  Most  of  the  liquid  can  be  removed  more  rapidly 
by  using  an  orduiary  funnel  filter  than  by  means  of  suction 
or  centrifuging.  The  flocculated  mass  is  tlu-own  upon  the 
filter,  washed  with  water  until  neutral,  and  allowed  to  drain 
by  gravity  as  long  as  water  drips  through  the  funnel.  It 
is  then  transferred  to  a  Biichner  funnel  and  suction  applied, 
pressure  being  applied  to  the  mass  as  it  shrinks  from  the  side 
of  the  funnel.  Even  after  prolonged  suction  the  water  con- 
tent remains  about  80  per  cent. 

If  the  gelatmized  wood  is  dried  at  100°  C.  it  blisters  and 
honeycombs.  This  can  be  overcome  by  drying  under  a 
vacuum  or  by  allowing  the  mass  to  dry  in  the  atmosphere 
at  temperatures  of  30°  to  40°  C.  The  dry  material  resembles 
horn  in  color  and  texture,  and  is  scarcely  distinguishable 
from  the  products  obtained  by  the  prolonged  beating  of 
various  chemical  wood  pulps. 

It  is  difficidt  to  keep  massive  articles  free  from  air  holes, 
particularly  if  the  gelatinized  material  is  transferred  from 
the  funnel  filter  to  a  suction  filter.  The  densest  masses 
are  obtained  by  allowing  the  gelatinized  wood  to  stand  in 
the  funnel  filter  until  it  has  dried  to  the  point  where  it  can 
be  handled  en  masse,  and  allowed  to  dry  at  room  temperature. 
Cubes  5  mm.  in  diameter  sawed  from  masses  dried  in  the 
same  manner  showed  the  following  specific  gravities:  white 
pme,  1.44;  aspen  1.50.'  Dunlap'"  has  shown  that  the  specific 
gravity  of  wood  substance  is  1.54.  The  gelatinized  wood 
if  entirely  dry  and  free  from  air  should  show  a  corresponding 
specific  gravity. 

If  a  neutralized  suspension  of  gelatinized  aspen  is  spread 
on  a  glass  plate  and  allowed  to  dry  at  room  temperature, 
pale  yellow,  translucent  films  are  readily  obtained. 

•  The  actual  specific  gravity  was  1.52.  This  particular  sample  contained 
3.04  per  cent  ash,  consisting  mainly  of  silica  from  the  ball  mill,  for  which  a 
correction  has  been  made. 

"J.  Agr.  Research,  3,  423  (1914). 
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Gelatinized  wood  may  be  dehydrated  and  obtained  in  a 
form  suitable  for  quantitative  work  by  suspending  it  in 
xylol  or  freslily  distilled  turpentine  and  distilling  until  all 
the  water  has  been  driven  off.  This  method  may  also  be 
used  for  highly  "hydrated"  pulps.  Gelatinized  aspen  de- 
hydrated with  turpentine  in  this  manner,  after  washing  with 
ether,  was  obtained  as  small,  very  porous,  globular  masses 
that  easily  crumpled  to  a  powder  between  the  fingers.  The 
wood  so  treated  was  no  longer  colored  red  by  the  phloro- 
gluein  reagent,  a  further  proof  that  this  reaction  is  due  to 
a  minor  constituent  of  the  wood,  which  had  probably  been 
extracted  by  the  organic  solvents. 

Gelatinized  wood,  when  dried  either  at  room  temperature 
or  by  xylol,  becomes  irreversible.  It  swells  appreciably  in 
contact  with  water,  but  shows  none  of  the  original  gelatinous 
properties. 

Degree  of  Gelatinization — There  is  no  simple  physical 
or  chemical  method  available  as  yet  for  determining  the 
degree  of  gelatinization,  except  when  the  differences  are 
very  great.  In  the  case  of  the  sedimentation  tester  more 
and  more  wood  passes  through  the  screen  with  increase  in 
gelatinization. 

Determination  of  the  degree  of  gelatinization  by  means 
of  the  copper  number,  before  and  after  hydrolysis,  was  not 
satisfactory.  This  is  particularly  true  of  the  hydrolyzed 
samples.  There  was  not  only  considerable  variation  in 
duplicate  determinations  under  the  same  conditions,  but 
wide  variations  with  the  time  and  degi-ee  of  heating.  The 
copper  numbers  were  not  corrected  for  the  hydrate  value. 

Hours  Copper  Numbers  op  Gelatinized  Aspen 

Ground  in  after  Hydrolysis  with  5  Per  cent  H2SO4 

Ball  Mill  Direct  15  Min.  1  Hr.  2  Hr. 

65  2.61  18.0  

113  3.00  19,5  

'3^  i^-^^}  IS. 9  47.6  24.5 

The  variations  in  the  copper  numbers  after  hydrolysis 
are  due  to  the  partial  decomposition  of  the  sugars,  par- 
ticularly pentoses,  formed  on  hydrolysis. 

An  attempt  was  also  made  to  determine  the  degree  of 
gelatinization  by  the  loss  of  weight  on  heating  with  5  per 
cent  sulfuric  acid.  The  following  results  were  obtained 
vrith  Norway  pine: 


Sample 
Untreated  sawdust  through  60  on  80  i 
Untreated  sawdust  through  80  mesh 
Gelatinized 


19.2 
20.5 
21.4 


The  loss  in  weight  on  hydrolysis  was  also  determined  on 
gelatinized  aspen: 

Hours  Ground  Loss  in  Weight 

in  Ball  Mill  Per  cent 

36  16.00 

60  16.82 

The  differences,  evidently  due  to  the  degree  of  subdivision, 
shown  by  tliis  method  are  likewise  too  small  to  be  of  value, 
and  the  procedure  would  be  wortliless  for  comparing  different 
species. 

Several  experiments  were  made  to  determine  the  amount 
of  sugar  formed  by  hydrolysis  of  gelatinized  and  ungelatinized 
wood  in  an  autoclave  using  water  as  well  as  dilute  sulfuric 
acid.  After  the  desired  pressure  was  reached  the  digester 
was  held  at  this  pressure  for  15  minutes  and  then  blown. 
The  sugars  formed  were  determined  in  the  usual  manner 
and  calculated  as  dextrose. 


' — Sugars  F 

ormed — Norway 
^Gelatinized 
Without 

Pine — . 

Wood^ 

With 

Steam 

Ordinary 

Grinding 

Grinding 

Pressure 

Wood 

Liquor 

Liquor 

Cook  No. 

Lbs. 

Per  cent 

Per  cent 

Per  cent 

1 

75 

2.93 

1.35 

1.11 

2 

125 

6.50 

4.66. 

4.79 

3 

200 

9.03 

8.54 

8.55 

4 

250 

7.53 

6.65 

6.48 

In  the  foregoing  table  only  distilled  water  was  used  during 
grinding  and  for  hydrolysis  under  pressure. 

Allowing  for  inability  to  accurately  control  experimental 
conditions  with  the  small  autoclave,  it  was  surprising  to 
obtain  lower  yields  of  sugar  from  the  gelatinized  wood,  when 
higher  yields  were  to  be  expected. 

Hydrolysis  op  Gelatinized  Norway  Pine  with  Sulfuric  Acid 
Str 


ngth  of 

Sulfuric  Acid 

Per  cent 

f  0.25 

0.50 

1.00 

2.00 

3.00 


18.00 
18.50 
19  26 
23.90 


Practically  identical  results  were  obtained  with  ungelatin- 
ized wood,  indicating  that  no  appreciable  difference  in  the 
yield  of  sugars  is  obtainable  from  gelatinized  and  ungelatin- 
ized wood  on  hydrolysis  with  acids. 

The  best  method  so  far  employed  for  determining  the  de- 
gree of  gelatinization  for  comparative  purposes  consisted  in 
placing  in  graduated  tubes  equal  amounts  of  wood  in  dilute 
suspension  and  comparing  the  amount  of  settling  after 
standing  12  hours. 

Color  Reactions — Wood  gelatinized  by  means  of  alkali, 
after  pressing  as  dry  as  possible,  is  stained  very  weakly  by 
the  usual  phloroglucin  reagent,  but  an  intense  red  is  de- 
veloped immediately  on  the  addition  of  a  few  drops  of  con- 
centrated hydrochloric  acid  and  stirring. 

It  is  a  noteworthy  fact  that  wood  ground  either  in  alkaline 
solution  or  water  alone  is  stained  blue  instantly  with  zinc 
chloride-iodine.  The  blue  color  is  quickly  removed  by 
washing  with  water.  This  test  holds  for  all  woods  to  which 
it  has  been  applied — namely,  wliite  pine,  redwood,  aspen, 
sugar  maple,  and  yellow  birch.  It  is  not  probable  that  the 
reaction  is  due  to  starch,  since,  for  example,  wood  from  a 
yellow  birch  tree  about  one  hundred  years  old  when  ground 
in  water  was  readily  stained  blue;  when  the  same  gelatinized 
wood  was  boiled  with  water,  the  mixture  allowed  to  settle 
in  a  test  tube,  and  the  opalescent,  supernatant  solution, 
when  cold,  tested  with  iodine-potassium  iodide  solution, 
no  blue  coloration  developed.  Thin,  dry  plates  of  aspen 
gelatinized  in  the  presence  of  alkali,  when  treated  with  zinc 
chloride-iodine,  showed  no  noticeable  change  for  10  or  15 
minutes,  then  were  gradually  colored  an  intense  blue-black. 
If  the  blue  stain  is  accepted  as  characteristic  of  cellulose, 
the  old  question  as  to  whether  the  cellulose  and  lignin  are 
in  chemical  combination  is  raised.  At  first  thought  it  might 
seem  to  indicate  the  absence  of  chemical  combination,  but 
there  is  no  logical  reason  for  assuming  that  lignocellulose 
itself  will  not  stain  blue  under  suitable  conditions.  Ac- 
cordingly, it  seems  that  ordinary  wood  is  colored  yellow  and 
not  blue  by  the  Herzberg  stain,  for  physical  rather  than  chem- 
ical reasons. 

Hygroscopicity — Thin  shavings  of  aspen  and  films  of 
gelatinized  aspen  were  exposed  to  the  same  atmospheric 
conditions  and  tlien  dried  at  105°  C.  for  4  hours.  The 
gelatinized  aspen  previous  to  conversion  to  films  was  sub- 
jected to  prolonged  washing  to  remove  the  sodium  acetate 
produced  by  neutralization  of  the  alkali. 

Per  cent 
Natural  aspen  10.65 

Gelatinized  aspen  11.40 

The  gelatinized  aspen  is  accordingly  somewhat  more 
hygroscopic  than  the  natural  wood,  conforming  in  this 
respect   to   gelatinized   ceUulose. 

Miscellaneous — Aspen  ground  with  alkaU  in  the  pres- 
ence of  formaldehyde  gave  a  soft  and  flexible  product.  Dry 
masses  of  gelatinized  wood  when  subjected  to  distillation 
gave  a  hard,  dense  charcoal. 
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Contributions  to  Chemistry  of  Wood  Cellulose' 

III— The  Acetolysis  Reaction  Applied  to  Cellulose  Isolated  from  Commercial  Species  of  Wood 


By  Louis  E.  Wise  and  Walter  C.  Russell 


f  THE  New  York  State  Co 


Department  of  Sy 


USE  University.  Syracuse.  N.  Y. 


THE  importance  of  fun- 
damental data  relat- 
ing to  the  chemistry 
of  wood  cellulose  has  been 
previously  emphasized.^  If 
such  data  can  be  obtained, 
new  avenues  in  industrial 
research,  which  hitherto 
have  been  closed  be- 
cause of  the  lack  of  basic 
knowledge  regarding  the 
constitution  of  cellulose, 
would  be  opened  up,  and 
empirical  investigations, 
which  in  the  past  have 
dominated  the  cellulose 
field,  might  be  relegated  to 

a  subordinate  position.  To  give  a  concrete  example,  if  the 
cellulosic  portion  of  shortfibered  hardwoods  (like  maple)  were 
identical  in  constitution  with  that  of  spruce,  there  is  no  theoret- 
ical reason  why  maple  cellulose  miglit  not  be  utilized  in  place 
of  the  more  valuable  spruce  cellulose  in  those  industries 
which,  like  the  fiber-silk  industry,  are  not  primarily  depen- 
dent upon  fiber  length  or  fiber  structure  of  the  cellulose  used. 

Normal  cotton  cellulose  is  still  the  logical  standard  by  wliich 
to  gage  celluloses  obtained  from  other  sources.  It  was  used 
in  our  experiments.  The  acetolysis  reaction  which  the  writers 
used  in  their  preliminary  work  appeared  worthy  of  further 
study.  This  reaction,  while  it  has  very  decided  limitations, 
indicates  the  presence  or  absence  of  the  cellobiose  linking  which 
is  so  characteristic  of  cotton  cellulose.  It  therefore  has  a 
direct  bearing  on  the  question  of  the  constitution  of  cellulose. 

Quite  recently  Denham,  by  methylating  cotton  cellulose 
and  hydrolyzing  the  product,  obtained  an  89  per  cent  jield 
of  2,3,6-trimethyl  glucose.  His  results  have  been  reported 
by  Irvine,''  who  has  made  a  lasting  contribution  to  the 
chemistry  of  cotton  cellulose.  Sooner  or  later,  no  doubt, 
this  method  of  attack  will  be  applied  to  celluloses  derived 
from  various  plants,  with  a  view  towards  obtaining  further 
comparative  data  on  the  similarity  or  dissimilarity  of  these 
celluloses.  Other  methods  of  studying  the  problem  are  in 
the  hands  of  the  physical  chemists  and  physicists.  The 
researches  of  Herzog  and  his  colleagues^  on  the  crystal  struc- 
ture of  various  ceUuloses  have  already  been  aUuded  to,  and 
their  real  significance  can  only  be  gaged  in  the  light  of  future 
research. 

This  paper  records  the  results  of  the  acetolysis  reaction, 
standardized  and  somewhat  simplified  as  applied  to  normal 
(or  a)  cellulose  isolated  from  a  number  of  commercial  hard- 
woods and  softwoods.  These  results  have  been  compared 
with  those  obtained  in  the  case  of  purified  cotton  cellulose. 
The  work  is  an  extension  of  that  reported  in  an  earlier  com- 
munication. 

•  Presented  before  the   Division  of  Cellulose  Chemistry  at  the  64th 


2);  J.  Chcm.  Soc.  (London).  123,  51S 


Physik,  3,  196,  343  (1920). 


This  is  a  conlinuation  of  the  study  of  the  chemical  properties  of 
wood  cellulose  as  compared  with  those  of  cotton  cellulose.  Cellulose 
isolated  by  the  chlorination  method  from  a  number  of  commercial 
conifers  and  hardwoods  was  subjected  to  cold  all^aline  treatment. 
The  a-celluloses  thus  obtained,  when  acetolyzed  under  carefully 
controlled  conditions,  yielded  appreciable  amounts  of  cellobiose 
octa-acelate,  which  varied  from  24  to  33  per  cent  of  the  theoretical 
yield.  Under  similar  conditions  "fibersilk."  (Jrom  spruce)  gave  24 
per  cent  cellobiose  octa-acetale.  whereas  carefully  purified  pine 
cellulose  prepared  by  the  sulfate  process  and  normal  cotton  cellulose 
yielded  33  and  34  per  cent,  respectively.  It  is  evident  thai  as  far  as 
the  cellobiose  reaction  is  concerned,  wood  cellulose  from  different 
sources,  and  that  isolated  by  different  methods  from  the  same  source 
behave  very  similarly,  and  that  the  cellobiose  grouping  is  characteris- 
tic of  all  the  celluloses  studied. 
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Cellulose  was  isolated 
from  the  following  species: 
Balsam  fir  (Abies  balsamea), 
hemlock  {T.'iuga  canaden- 
sis), and  red  spruce  {Picea 
rubens) — aU  of  which  are 
imported  raw  materials  in 
the  sulfite  pulp  industry;  red 
cedar  {Jtmiperus  inrgini- 
ana),  used  in  pencil  manu- 
facture and  in  cabinet  mak- 
ing; sugar  pine  {Pinus  lam- 
bertiana),  used  as  finishing 
lumber;  aspen  {Populu.'> 
grandiden  lata),  used  in 
soda-pulp  manufacture ; 
beech  (Fagus  americana),  yellow  birch  {Betula  lutea),  and 
sugar  maple  (Acer  saccharum),  which  are  used  in  mill- 
work  and  furniture  as  well  as  in  the  hardwood  distillation 
industry;  white  oak  {Quercus  alba),  material  for  furniture; 
and  longleaf  pine  {Pinus  paluMris),  which  is  now  playing 
such  a  large  role  in  the  production  of  sulfate  pulp.  With 
the  exception  of  the  cellulose  of  longleaf  pine  (furnished  by 
R.  H.  Stevens,  of  Joseph  H.  Wallace  &  Company,  to  whom 
grateful  acknowledgment  is  made),  the  wood  celluloses  were 
isolated  by  a  chlorination  method  based  ou  the  analytical 
procedure  described  by  Dore^  for  the  determination  of  cel- 
lulose in  woods.  Since  relatively  large  samples  of  wood 
sawdust  were  used  in  each  experiment,  and  since  the  object 
was  to  obtain  a  sufficient  quantity  of  purified  cellulose  for 
further  study,  no  attempt  was  made  to  obtain  quantitative 
yields.  In  all  experiments  20  to  30  grams  of  sawdust  passing 
through  a  20-mesh  sieve  were  used.  The  coniferous  woods 
were  extracted  for  6  hours  with  benzene  and  then  for  a  like 
period  with  95  per  cent  alcohol.  This  treatment  removed 
oils,  fats,  waxes,  resins,  and  coloring  matter,  all  of  which 
might  cause  difficulty  in  subsequent  treatments. 

Chlorination  Process — The  process  of  chlorination  was  car- 
ried out  by  passing  a  stream  of  washed  chlorine,  from  a  cylinder 
of  chlorine,  at  the  rate  of  60  to  80  bubbles  per  minute  over  the 
moist  sawdust  contained  in  a  2-liter ,  wide-mouth  bottle.  The  bot- 
tle was  first  filled  with  an  atmosphere  of  chlorine.  It  was  pro- 
vided with  a  double-hole  stopper  and  an  inlet  and  outlet  tube  so 
that  the  material  remained  in  a  slowly  moving  atmosphere  of 
chlorine  during  each  period  of  chlorination.  The  bottle  was 
frequently  shaken  and  rotated  during  the  process,  but  even  this 
did  not  cause  contact  of  each  wood  particle  with  chlorine  during 
each  period  of  chlorination  because  of  the  tendency  of  the  parti- 
cles to  form  small  lumps.  This  lumping  effect  was  especially 
marked  during  the  later  periods  of  chlorination  when  the  material 
became  more  of  a  pulp.  During  the  first  four  or  five  chlorina- 
tions  the  wood  became  a  dark  orange,  but  the  darkening  became 
less  marked  with  subsequent  chlorinations,  and  the  sample 
finally  remained  white  in  the  presence  of  chlorine  gas.  The 
chlorination  periods  used  were  20,  1.5,  15,  and  10  minutes  in  length 
followed  by  5  or  10-minute  periods  until  the  action  was  complete. 
In  general,  the  conifers  required  a  greater  number  of  chlorina- 
tions than  did  the  hardwoods.  After  each  chlorination  the  ma- 
terial was  shaken  with  water  in  order  to  insure  some  contact  of 
all  particles  with  chlorine.  One  hundred  cubic  centimeters  of 
dilute  sulfurous  acid  (50  grams  sulfur  dioxide  per  liter)  were  then 

•  Tius  Journal,  18,  264  (1920). 


81G 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  l.i,  Xo.  8 


added  as  an  "antichlor,"  and  the  suspension  was  filtered  and 
washed  with  hot  water  until  neutral  to  litmus.  The  addition  of 
sulfurous  acid  caused  the  material  to  become  lighter  in  color, 
thus  having  a  bleaching  effect  in  addition  to  its  dechlorinating 
action.  Filtrations  throughout  the  procedure  were  made  by 
the  use  of  20-inch  squares  of  mercerized  cotton.  The  use  of 
cloth  filters  allowed  a  rapid  filtration,  and  a  large  part  of  the  liquid 
could  be  pressed  from  the  material  by  hand.  The  next  step  in 
the  operation  was  to  cover  the  acid-free  material  with  a  3  per 
cent  solution  of  sodium  sulfite  in  a  beaker  and  to  heat  the  mix- 
ture in  a  boiling  water  bath  for  45  minutes.  At  the  end  of  this 
period  the  residue  was  filtered  off  and  washed  with  hot  water 
until  free  from  sulfite.  In  the  case  of  the  hardwoods  the  sodium 
sulfite  solution  became  a  dark  wine  color  when  added  to  the  ma- 
terial after  the  first  few  chlorinations.  With  subsequent  periods 
of  chlorination  this  color  became  lighter  until  it  finally  was  no 
longer  obtained.  This  was  taken  as  an  indication  of  the  com- 
plete removal  of  lignin,  and  chlorination  was  stopped  at  this 
point,  llpon  addition  of  the  sulfite  solution  to  the  conifers 
after  the  earlier  periods  of  chlorination  the  mixture  became  dark 
brown,  but  with  subsequent  chlorinations  it  became  light  brown 
until  finally  no  color  was  obtained.  This  absence  of  color  was 
taken  as  an  arbitrary  end  point,  and  chlorination  was  then 
discontinued. 

The  material  resulting  from  the  alternate  chlorine  and  sul- 
fite treatments  is  arbitrarily  defined  as  "total  cellulose." 
"Normal  cellulose,"  or  a-ceUulose,  was  obtained  by  treating 
the  total  cellulose  with  17.5  per  cent  sodium  hydroxide  solu- 
tion for  one-half  hour,  using  50  cc.  of  solution  for  each  2 
grams  of  material.  At  the  end  of  the  half-hour  period  an 
equal  volume  of  cold  water  was  added  and  the  suspension 
filtered.  The  material  was  washed  with  2  to  3  liters  of  cold 
water,  then  with  2  Uters  of  10  per  cent  acetic  acid,  and  finally 
with  2  to  3  liters  of  cold  water.  The  action  of  the  sodiimi 
hydroxide  solution  caused  the  removal  of  the  products  of 
oxidation  by  clilorine  and  the  alkali-soluble  forms  of  cellulose — 
that  is,  the  so-caUed  /3  and  7-celluloses.  The  normal  cel- 
kdose  was  dried  for  16  hours  at  95°  to  100°  C,  and  allowed  to 
stand  in  the  air  until  it  had  established  an  equilibrium  with 
the  moisture  in  the  air  (and  was  air-dry).  Analytical  data 
relating  to  these  cellulose  samples  are  given  in  Table  I. 

T.\BLE    I — Analvticai,    Data    on    Celluloses    IJsed    in    Experiments 


Cellulose  from 

Per  cent 

Per  cent 

Pine  (wood) 

7.0 

0.13 

Balsam  (wood) 

7.4 

0.31 

Birch  (wood) 

S.3 

0.37 

Spruce  (wood) 

7.6 

0.22 

Cedar  (wood) 

7.7 

0.17 

Maple  (wood) 

8.0 

0.32 

Aspen  (wood) 

7.6 

0.18 

Hemlock  (wood) 

7-  ."> 

0.16 

Beech  (wood) 

a  7 

Not  determined 

Oak  (wood) 

11.2 

Not  determined 

Cotton  (normal) 

,5.1 

0.15 

Spruce  (sulfite  pulp) 

5.4 

Pine  (sulfate  pulp) 

5.4 

oisi 

Fiber  silk  (spruce) 

7.5 

0.50 

In  order  to  avoid  misinterpretation  of  their  results,  the 
authors  wish  to  have  it  clearly  understood  that  they  do  not 
assume  a-cellulose  to  be  a  homogeneous  chemical  indi\'idual 
or  that  the  method  of  isolation  used  is  an  ideal  one.  Any  pres- 
ent chemical  treatment  leading  to  the  removal  of  lignin  is 
necessarily  drastic.  It  is  inconceivable  that  under  these 
conditions  the  cellulose  originally  present  in  the  wood  remains 
chemically  unaffected.  Some  of  the  cellulose  units  are  prob- 
ably oxidized;  others  no  doubt  are  hydrolyzed,  but  with 
our  modern  concept  of  a  cellulose  aggregate  made  up  of 
innumerable  cellulose  units'^  there  is  no  reason  to  assume 
that  all  these  peUidose  units  are  destroyed.  The  "merceriza- 
tiou  test"  (17.5  per  cent  alkali  treatment)  removes  an  ap- 
preciable amount  of  noncellulosic  material  (furfural-yielding 
groups)  originally  present  in  the  wood.  It  also  appears 
to  remove  substances  resultmg  from  the  cellulose  units  that 
were  chemically  altered  during  the  cUorination  process.  It 
is  also  quite  probable  that  the  alkaU  dissolves  a  portion  of 
the  cellulose  the  surface  area  of  which  has  been  largely  in- 

•  This  Journal,  IB,  711  (1923). 


creased  in  the  process  of  isolation.  The  a-cellulose,  there- 
fore, represents  a  convenient  stage  in  the  purification  of 
cellulose,  beyond  which  it  is  inadvisable  or  unsafe  to  go. 

As  pre\nously  mentioned,  the  cellulose  of  longleaf  pine 
was  prepared  not  by  this  method,  but  by  the  sulfate  process. 
Mr.  Stevens,  who  carried  out  the  isolation  and  purification  of 
this  pulp  in  the  research  laboratories  of  Joseph  H.  Wallace  & 
Co.,  at  Stamford,  Conn.,  states'  that  the  pulp  was  made  from 
pine  stmnps,  and  that  the  first  step  in  the  process  was  a  sulfate 
cook,  using  25  per  cent  active  alkali  (calculated  on  the  basis 
of  the  bone-dry  wood).  The  yield  was  low  because  of  the 
very  high  resin  content  of  Pinus  pahistris  and  also  because  of 
the  drastic  nature  of  the  cook.  A  yield  of  24.5  per  cent  of 
fairly  easy  bleaching  pulp  (not  Kraft)  was  thus  obtamed. 
The  final  methods  of  purification  of  this  material  are  not 
given.    Analytical  data  are  included  in  Table  I. 

The  normal  cotton  cellulose  used  by  the  authors  was  puri- 
fied by  the  method  initially  outlined  by  the  Committee  on 
Standardization  of  Cellulose  of  the  Cellulose  Division  of  the 
American  Chemical  Society.  The  purification  is  very 
similar  to  that  suggested  by  Robinoff.*  This  material  was 
purified  and  analyzed  by  W.  Vanselow,  of  SjTacuse  University, 
to  whom  thanks  are  due. 

Besides  the  celluloses  mentioned,  a  sample  of  fiber  sUk 
made  from  Riordon  pulp,  obtained  through  the  courtesy  of 
the  duPont  FibersUk  Company  of  Buffalo,  was  used  in  one 
experiment. 

Orientating  Acetolysis  Experiments 

In  general,  the  technic  used  in  carrying  out  these  acetol- 
ysis experiments  was  similar  to  that  described  in  a  previous 
article.^  Two-gram  samples  of  air-dried  normal  (a) 
cellulose  were  subjected  to  acetolysis.  The  material  did 
not  dissolve  in  the  acetolyzing  mixture  as  readily  as  in  the 
case  of  cotton,  owing  probably  to  its  being  in  a  more  compact 
form  and  exposing  less  surface  to  the  liquid.  Heating  at  40° 
to  50°  C.  in  a  water  bath  was  resorted  to  in  order  to  effect 
peptization.  In  the  initial  experiment.s  the  best  heating 
conditions  were  found  to  be  for  1  hour  at  the  end  of  24  hours 
of  acetolysis  and  at  the  end  of  48  hours.  Later  experiments, 
however,  indicated  that  such  heating  periods  could  be  en- 
tirely eUminated.  The  acetoh'sis  mixture  was  allowed  to 
stand  at  room  temperature  (about  25°  C.)  for  6  to  7  days. 
At  the  end  of  this  period  a  crystalline  mass  had  formed  and  it 
was  treated  as  described  in  the  earlier  communication. 
The  product  crj'stallized  from  alcohol  was  filtered, 
dried,  recrystallized  from  95  per  cent  alcohol,  and  again 
dried   for   use   in   the   melting  point  determinations.    The 

Table  II — Results  of  Melting  Point  Determinations  on  Samples  of 
Cellobioss  Octa-acetate 


Melting  Point  of  Crys- 

talUne    Product  Mixed 

Melting  Point  of  Crys- 

with    Cellobiose     Octa- 

talline  Product  Alone 

acetate     from      Cotton 

Source  of 

(Uncorr.) 

(Uncorr.) 

Cellobiose 

• 

°C. 

"C. 

Balsam 

227.5  to  228.5 

227      to  228 

Cedar 

228.5 

226.5 

Hemlock 

227 

227      to  228 

Pine 

227      to  228.5 

227      to  228 

Aspen 

227      to  228 

227      to  228 

Beech 

227       to  228.5 

227.5  to  228 

Birch 

227.5  to  228 

226.5  to  227.5 

Maple 

227 

226.5  to  227 

Oak 

227.5  to  229 

227      to  228.5 

Spruce 

227      to  228 

227      to  227.5 

Purified  cotton 

227.5  to    22s 

Pine  sulfate  pulp 

226.5  to  227 

226.5  to  227.5 

Fiber  silk 

227      to  227.5 

226.5  to  227.5 

yields  of  cellobiose  octa-acetate  fluctuated  widely  aad  were 
often  far  from  satisfactory,  probably  because  of  the  differ- 
ence in  the  state  of  division  of  the  original  samples.     There- 

'  Private  communication,  July  19,  1922. 

*  "ijber  die  Einwirkung  von  Waser  und  Natronlauge  auf  Baumwolle," 
Dissertation,    Darmstadt,    1912. 
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Weight  of  air-dry  cel- 
lulose taken,  grams 

Weight  of  cellulose 
taken  (corrected  for 
water,  pentosans, 
and  ash),  grams 


BLE    III COMP.\B 

Pine      Bals^ 


1.S12 

ions 


Spruc( 
2  000 


Cellobiose  Obtained 
Cedar  Maple  Aspen. 
2.000     2.000     2.000 


1.760 
1.036 


1 .  802 
1.010 


Percentage  of  theoret- 
ical yield  of  octa-ace-    25. S     26.6       28.2       27.4       26.9       29.2       23  9 
tate  calculated  from 
corrected  weight  of 
cellulose 

a  Mechanical  loss  during  crystallization  of  cellobiose  octa-acetate.      The 

6  Relatively  smaller  amounts  of  acetic  anhydride  and  sulfuric  acid  were 

c  No  thermostat  control  was  used  in  this  case. 

<i  (r)  and  (.d)  of  this  series  show  the  effect  when  the  thermostat  control  a 
dropped  to  14^  C.  (from  25^  C);  otherwise,  experimental  conditions  remaine 


FROM  Cellulose  Isolated  from  Various  Woods  and  Cotton 


1.76S     1,732 
1  nSO     O.S64a 


Hemlock  Beech 
2  000     1.8606 


1  810 
0.935 


1.620 
I    114 


Oakc 
2  000 


(a)33.1 
(/>)32.8 


uU  is  therefore  lov\ 


-1,792  1.868  1.872(a)  (6) 

1.911(c)  (<i) 
0.905  (o)    1.182    (a)   1.394 
(6)    1.185    (.b)    1.372 
(c)    1.310 


((1)30.3 
(6)30.3 


(rf)   1.339 

(a)3S.6 

(6)35.2 

(c)32.8 

(d)33.5 


ntally  failed.      For  a  few  hours  the  temperature  of  the 


fore,  in  tlie.se  preliiniuary  experiment.s  each  cellulose  required 
individual  study,  and  the  best  eondition.s  for  securing  promiit 
peptization  of  individual  celluloses  were  only  obtained  after 
considerable  experimentation. 

Melting  Point  Determinations — A  short-stem  ther- 
mometer, 200°  to  250°  C.  range,  and  a  concentrated  sulfuric 
acid  bath  in  a  Thiele  melting  point  apparatus  were  used  in 
these  determinations.  A  melting  point  determination  was 
made  of  each  crystalline  product,  both  alone  and  in 
admixture  wth  an  equal  amount  of  cellobiose  octa-acetate 
obtained  from  cotton  (ra.  p.  227.5°  to  228°  C,  uncorr.). 
Table  11  shows  the  results  of  the  melting  point  determina- 
tions. 

Quantitative  Acetolysis  Experiments 

A  standardized  procedure  was  finally  adopted,  which  per- 
mitted us  to  carry  out  acetolysis  experiments  under  nearly 
identical  conditions. 

Two  grams  of  air-dried  sample  were  put  into  a  mixture  of  8 
grams  of  acetic  anhydride  (b.  p.  135°  to  137°  C.)  and  2  grams 
of  concentrated  sulfuric  acid  (sp.  gr.  1.83)  in  a  125-cc.  wide- 
mouth,  glass-stoppered  bottle.  The  mixture  was  prepared  by  add- 
ing the  sulfuric  acid  to  the  acetic  anhydride,  cooled  to  — 10°  C. 
at  such  a  rate  that  the  temperature  did  not  rise  above  0°  C.  dur- 
ing the  addition.  During  the  preparation  of  the  mixture  and  the 
addition  of  the  sample  the  glass  stopper  was  replaced  by  a  cork 
stopper  through  which  a  thermometer  was  inserted.  The 
sample  was  pressed  down  so  as  to  moisten  the  substance  thor- 
oughly, and  the  mixture  was  then  allowed  to  stand  for  at  least 
an  hour  and  sometimes  an  hour  and  a  half  in  an  ice  bath.  The 
glass  stopper  was  then  replaced  and  the  bottle  put  into  a  bath 
kept  at  25°  =•=  0.2°  C.  by  means  of  thermostatic  control,  for  6 
days.  If  the  sample  had  not  gone  into  solution  at  the  end  of  24 
hours,  it  was  stirred  with  a  small  glass  rod,  previously  placed 
in  the  bottle,  and  frequent  stirring  was  given  untU  the  fibers  had 
disappeared.  Crystallization  began  within  50  to  60  hours 
after  placing  in  the  bath,  and  at  the  end  of  the  6-day  period  a 
stiff,  crystalline  mass  had  formed.  To  this  mass  were  added  6  cc. 
of  glacial  acetic  acid  and  the  mixture  was  warmed  on  a  water  bath 
(to  a  temperature  not  above  50°  C.)  until  it  could  be  poured  from 
the  bottle  into  200  cc.  of  water  at  0°  to  10°  C.  The  bottle 
was  rinsed  with  150  cc.  of  cold  water  and  the  precipitate  allowed 
to  stand  in  the  water  at  5°  to  10°  C.  for  1  hour.  It  was  then 
filtered  off  on  a  Biichner  funnel,  mercerized  cotton  being  used  as 
the  filtering  medium.  The  precipitate  was  washed  with  cold 
water  until  free  from  acid  and  sulfate  when  tested  with  litmus 
and  barium  chloride  solutions,  and  as  much  water  as  possible 
was  removed  by  suction. 

Within  24  hours  the  material  was  removed  from  the  Biichner 
funnel  with  alcohol  and  allowed  to  remain  under  200  to  250  cc. 
of  alcohol  until  it  was  convenient  to  recrystallize  it.  The  first 
crystallization  from  alcohol  was  accomplished  by  dissolving 
the  precipitate  and  filtering  or  decanting  off  from  any  undissolved 
portion.  Crystallization  was  allowed  to  take  place  slowly, 
after  which  the  crystals  were  filtered  on  a  weighed  Gooch  cru- 
cible, using  asbestos  as  the  filtering  medium.  The  filtrate  was 
evaporated  to  75  cc.  and  allowed  to  stand  for  3  days  at  room 
temperature  in  order  to  obtain  a  second  crop  of  crystals.  The 
yields  recorded  in  Table  III  are  based  on  the  total  yields  of 
cellobiose  octa-acetate  obtained  under  these  conditions. 


The  tendency  in  the  past  has  been  to  discuss  alleged  differ- 
ences or  simOarities  in  chemical  constitution  of  celluloses 
derived  from  different  sources  on  the  bases  of  analytical  data. 
For  example,  certain  investigators  cherish  the  belief  that  if 
the  total  cellulose  isolated  from  a  wood  contains  a  relatively 
large  percentage  of  a-cellulose,  whereas  that  prepared  from 
another  wood  by  a  nearly  identical  procedure  contains  a 
much  lower  percentage  of  a-cellulose,  the  original  celluloses 
in  the  two  woods  cannot  be  chemically  identical.  Similarly, 
a  normal  cellulose  which  retains  5  per  cent  of  furfural- 
yielding  material  is  viewed  by  certain  experimenters  as  being 
constitutionally  different  from  normal  cellulose  retaining 
only  1  per  cent  of  pentosans.  These  differences  might  just 
as  easily  result  from  physical  diiTerences  in  cellulose,  elabo- 
rated in  the  formation  of  the  original  wood.  No  one  will  con- 
trovert the  fact  that  residues  (termed  "cellidose")  obtained 
from  different  woods  are  actually  not  identical.  On  the  other 
hand,  analytical  differences  cannot  indicate  whether  or  not 
the  preponderating  material  in  each  of  these  various  resi- 
dues is  actuallj'  one  chemical  substance,  and  they  tlirow  no 
light  whatsoever  on  the  chemical  constitution  of  the  cellu- 
lose of  the  original  wood.  Methods  used  in  technological 
investigations  of  pulp  have  become  a  fetish  and  the  build- 
ing of  hypotheses  regarding  the  constitution  of  cellulose 
on  data  furnished  by  such  methods  should  be  discouraged. 
This  question  has  been  extensively  discussed  in  a  previous 
article.^ 

As  a  result  of  the  authors'  work,  it  can  be  definitely  stated 
that  the  cellobiose  linking  occurs  to  the  extent  of  24  per  cent 
in  each  of  the  celluloses  examined,  and  hence  in  this  respect 
at  least  all  the  celluloses  are  similar.  Since  the  acetolysis 
mixture  is  known  to  destroy  appreciable  amounts  of  cellobiose 
during  acetolysis,  24  per  cent  is  a  minimal  figure.  Taking 
the  unavoidable  losses  into  consideration,  the  cellobiose 
linking  may  occur  to  the  extent  of  nearly  50  per  cent  in  each 
case.' 

Furthermore,  the  rate  of  acetolysis  in  all  celluloses  examined 
is  roughly  the  same.  Whether  or  not  the  differences  in  cello- 
biose yields  (24  to  35  per  cent  of  the  theoretical  yield)  are 
worthy  of  note  is  still  an  open  question.  The  influence  of 
small  amounts  of  impurities  on  cellobiose  yields  has  not  been 
studied.  However,  the  data  show  that  there  are  appreciable 
variations  in  cellobiose  yields  in  the  case  of  the  same  purified 
cotton,  if  the  experiments  are  made  at  different  times  even 
though  similar  technic  is  used.'"  This  would  indicate  that 
very  slight  variations  in  the  technic  of  acetolysis  of  cellulose 
or  isolation  of  the  cellobiose  octa-acetate  cause  these  differ- 
ences and  that  the  quantitative  yield  data  in  Table  III, 
while  very  suggestive,  cannot  be  interpreted  too  literally. 

•  Freudenberg,  Ber.,  44,  707    (1921),  who  gives  evidence  regarding  the 
percentage  of  cellobiose  actually  formed  and  lost  during  acetolysis,  based 
upon  experimental  as  well  as  theoretical  grounds. 
'0  Table  III,  Footnote  d. 
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In  the  wTiters'  opinion  there  are  no  data  in  the  literature 
which  would  force  the  conclusion  that  the  cellulo*e.s  of  the 
various  seed-bearing  plants  are  different  chemical  substances. 

Appendix — Optical  Properties  of  Cellobio.se  Octa- 

ACETATE 

[By  Edgar  T.  Wherry,  Crystallographer,   Bureau  of  Chemistry, 
Washington,  D.  C  ] 

Two  samples  of  cellobiose  octa-acetate  prepared  by  Wise  and 
Russell,  one  from  cotton  cellulose  and  the  other  from  wood  cel- 
lulose,   were    examined.     They    showed    identical     properties. 

In  ordinary  light:  Seen  to  consist  of  minute  rods.  Refrac- 
tive indices  (D) : 

a  =  1.470,  /3  =  1.480,  7  =  1.505,  all  =t  0.005;  y  -  a  =  0.035 
Lengthwise  of  the  rods  index  0  is  shown,  while  either  of  the  others 
may  be  shown  crosswise. 

In  parallel  polarized  light,  Nicols  crossed:  Double  refraction 
strong,  the  colors  being  bright  gray,  even  on  very  thin  crystals. 
Extinction  parallel ;    elongation  =t . 

The  technic  used  in  identification  is  as  follows:  Use  a  micro- 
scope equipped  with  at  least  one  Nicol  prism,  and  ascertain  the 
direction  of  the  vibration  plane  of  this  Nicol.     Immerse  a  small 


quantity  of  the  substance  in  a  drop  of  liquid  with  refractive 
index  «  near  1.48.  Commercial  liquid  petrolatum  is  the  most 
satisfactory,  but  almond  oil,  castor  oil,  or  pseudo-cumene  may 
also  be  used.  Partially  close  the  substage  diaphragm,  and 
center  a  broad  crystal.  Turn  the  stage  until  this  crystal  ap- 
proaches paralleHsm  with  the  cross  hair  indicating  the  vibration 
plane  of  the  Nicol.  If  the  substance  is  cellobiose  octa-acetate, 
the  crystal  will  disappear,  and  will  remain  invisible  even  on  suc- 
cessively raising  and  lowering  the  microscope  tube  with  the  fine 
adjustment.  This  shows  the  refractive  index  lengthwise  to  be 
equal  to  that  of  the  liquid,  and  this  index  is  the  most  character- 
istic of  the  substance. 

Immerse  another  sample  in  a  liquid  with  n  near  1.47,  such  as 
glycerol  or  turpentine,  and  observe  the  behavior  of  crystals  on 
turning  them  into  perpendicular  position  with  reference  to  the 
vibration  plane  of  the  Nicol.  Occasionally,  a  crystal  will  be 
found  which  will  disappear  in  this  position,  showing  its  index 
crosswise  to  be  equal  to  that  of  the  liquid.  Repeat  with  a 
liquid  such  as  sandalwood  oil  or  propyl  iodide  with  n  near  1.505. 
Under  these  conditions  occasional  crystals  will  also  disappear, 
their  index  crosswise  being  the  same  as  that  of  the  liquid.  In 
this  way  three  refractive  indices  can  be  matched,  and  the  identity 
of  the  substance  as  cellobiose  octa-acetate  may  be  definitely 
confirmed. 


Effect  of  Hydrogen-Ion  Concentration  on  Adsorption  of  Dyes  by 
Wool  and  Mordants' 

Preliminary  Paper 
By  O.  Reinmuth  and  Neil  E.  Gordon 
University  of  Marylamd,  Coi.i.ege  Park,  Md. 


WORK  in  this  laboratory  on  inorganic  gels  in  connec- 
tion with  soil  colloids  led  us  to  believe  that  the 
hydrogen-ion  concentration  played  a  very  important 
role  in  (a)  the  adsorption  of  dyes,  (h)  the  color  which  they 
imparted  to  the  fiber,  and  (c)  the  manner  in  which  they  were 
adsorbed.  The  literature  showed  that  very  little  had  been 
done  on  the  adsorption  of  dyes  from  solutions  where  special 
attention  was  paid  to  the  hydrogen-ion  concentration. 
Considerable  work  was  carried  out  with  this  end  in  view,  but 
its  completion  has  been  unavoidably  delayed.  In  the  mean- 
time an  article  by  Briggs  and  Bull-  appeared  practically  cov- 
ering the  work  which  the  authors  had  been  carrying  out 
on  the  color,  adsorption,  and  hydrogen-ion  concentration 
of  fiber.  However,  Briggs  and  Bull  did  not  take  up  any  work 
on  mordants,  and  the  authors  are  therefore  making  a  prelim- 
inary report  on  one  of  the  mordants. 

Materials 

Orange  II  was  one  of  the  dyes  first  used.  Other  dye 
baths  are  being  used  at  the  present.  The  wool  was  white 
sweater  yarn  of  the  best  grade,  washed,  dried,  and  kept  in  a 
desiccator  until  used.  The  mordants  used  most  were  alu- 
mina and  sUica.  When  mordants  were  used  without  the  wool 
they  were  prepared  in  the  form  of  gels,  as  described  in  a 
previous  article.^  When  the  mordants  were  used  with  the 
wool,  the  gels  were  precipitated  in  the  fiber. 

Experimental 

The  baths  were  prepared  of  varying  hydrogen-ion  concen- 
tration by  adding  0.1  N  solution  of  sodium  hydroxide  or 
sulfuric  acid.    The  ratio  between  the  milligrams  of  dye  and 

^  Presented  before  the  Division  of  Dye  Chemistry  at  the  65th  Meeting 
of  the  American  Chemical  Society.  New  Haven,  Conn.,  April  2  to  7,  1923. 
'  J.  Phys.  Chem..  86,  845  (1922). 
'Soil  Sci.,  IS,  157  (1923). 


the  weight  of  the  wool  or  mordant  was  kept  constant  through- 
out the  runs.  The  time  allowed  for  equilibrium  in  each  case 
was  the  same.  The  temperature  of  the  bath  was  kept  at  the 
boiling  point  during  adsorption.  The  amount  of  dye  ad- 
sorbed by  the  pure  wool,  mordanted  wool,  or  mordant 
alone  was  determined  by  titrating  a  sample  of  the  dye  solu- 
tion before  and  after  adsorption  had  taken  place.  Titanium 
chloride  was  used  for  determining  the  concentration  of  the 
dye,  as  suggested  by  Knecht.''  The  pH  values  of  the  bath 
were  determined  by  the  use  of  a  hydrogen  electrode. 

The  data  obtained  for  the  fiber  were  so  much  like  those  of 
Briggs  and  Bull  that  they  will  not  be  given  in  this  preliminary 
report.  The  following  table  gives  one  an  idea  of  results  ob- 
tained when  an  acid,  such  as  Orange  II,  is  permitted  to  be 
adsorbed  by  a  mordant,  such  as  alumina,  under  a  varying 
hydrogen-ion  concentration. 

Effect  of  Hydrogen-Ion  Concentration  on  the  Adsorption  of  Dyes 


Mg.  Dye 

' —  Alumina  Gel  — » 

Dye 

Dye 

Dye  Left 

Adsorbed 

pH 

Wet 

Dry 

Used 

Adsorbed 

in  Bath 

per  G. 

Value 

G. 

G. 

Mg. 

Mg. 

Mg. 

of  Gel 

3.657 

13.92 

1.0231 

525.0 

283. 9 

241.1 

278.2 

3.753 

14.13 

1 . 0385 

532.7 

287.6 

243.0 

276.9 

3.888 

7.93 

0.5843 

299.7 

120.2 

179.6 

205.9 

4.145 

11.17 

0.8210 

421.1 

139.6 

288.5 

169.4 

4.260 

10.50 

0.7417 

395.8 

117.4 

278.4 

152.2 

4.514 

9.43 

0.6931 

355.5 

93.0 

262.4 

134.3 

4.852 

10,26 

0.7541 

3S6.8 

82.9 

303.9 

111.0 

5.021 

13.65 

1.0023 

514.5 

45.0 

469.5 

44.9 

5.393 

14.33 

1.0532 

540.2 

47.1 

493.1 

42.2 

This  marked  change  of  adsorption  with  the  small  change 
in  pH  value  makes  it  quite  evident  that  a  control  of  hydrogen- 
ion  concentration  is  a  most  important  factor  in  the  dye  in- 
dustry. There  is  also  a  marked  change  of  color  with  a  change 
of  hydrogen-ion  concentration.  This  was  especially  notice- 
able with  some  dyes  and  at  certain  pH  values.  A  full  discussion 
of  this  and  change  of  color  with  the  strong  adsorption  of  dye 
will  be  reported  in  a  later  paper. 

<  Ber.,  36,  1552  (1903)^    40,  3819  (1907). 
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The  Chemical  Properties  of  Cotton  Linters' 


By  William  F.  Henderson 


Mellon  Institute  of  Industrial  Research,  Pittsburgh.  Pa. 


THE     purpose    of    this               By  treating   cotton   linters  with  strong  acids   it   was  found  that               EXTRACTION    WITH     SoL- 
investigation  was  to           (/,e  copper  numbers  were  increased  considerably  as  long  as  the  acid          VENTS — Extractions    were 
obtain  more  definite           concentrations   were   low.   but   very   rapidly   when   the  acid  concen-          made   on   linters,  Using   for 
information  concerning  the         trations  were  high.     IVith  weak  acids  the  change  in  copper  numbers         solvents,  water,  chloroform, 

chemical  reactions  of  cotton          u;as  slight  for  all  concentrations.  When  the  linters  were  treated          and  ethyl  alcohol.     A  Soxh- 
linters.    Although  the  quail-          „,,•/;,  alkalies,   the  copper  numbers  remained  practically  constant.          let  apparatus  was  employed 

tity  of   linters    produced   is               1/arious  methods  for  preparing  viscose  from  linters  were  tried.          and  the  solvent  afterwards 

subject  to    wide    variation,          Preliminary  acid  treatment  of  the  linters  produced  a  marked  effect          was  distilled  and  the    resi- 

the  amount  of  this  material          ^pon  the  viscosity  of  the  viscose  solutions.      The  effect  upon  the          due  weighed, 

which  is  available  is   large.          viscosity  was  much  more  pronounced  than  that  on  the  coppernumbers.  Samples  dried  at  105°  to 

The  peak    of    the   annual  110°  C.  were  used  in  eaeh 

production  was  reached  in  case.      The  results   of    the 

1916,  when  over  a  million  and  a   quarter   of    the    500-lb.  extractions  were  as  follows: 

bales  were  produced.     That  the  supply  is  fairly  large  and  the  p^^  ^^^^ 

cost  of  production  low  has  been  recognized  to  some  extent,  Solvent                                               Extract 

and  large  quantities  of  linters  are  used  in  the  paper  and  nitro-  CMorofoVin!  '.'.'.'.'.'.'.'.'.'.'.'.\'.\'.'.'.'.'.'.'.'.'.'.'.'.'.\  o!4i5 

cellulose  industries.  Other  industries  use   linters  in   consid-  Ethyl  alcohol o..w5 

erable  quantities,  and  doubtless  there  wiU  be  many  addi-  Ash— The  material  showed  a  low  percentage  of  ash,  the 

tional  opportunities  for   application.     It  has  been  the  au-  average  of  several  determinations  giving  0.230  per  cent 

thor's  aim  to  discover  some  of  the  properties  of  linters  which  Bleached  cotton,  according  to  Sohwalbe,-'  should  give  on  the 

will    make    possible    further  applications  of    this    type  of  average  about  0.5  per  cent  of  ash,  although  Cross  and  Bevan^ 

material.  found  the  ash  content  to  range  from  0.1  to  0.4  per  cent. 

Physical  Characterlstics  Copper  Number — The  copper  number,  or  copper  index, 

is  a  value  based  on  the  reduction  of  copper  in  Fehling's  solu- 

Under  the  microscope  linters  show  the  same  character-  tion.     The  standards  of  comparison  are  purely  arbitrary 

istics  as  ordinary  cotton  fibers.     They  are  colorless,  trans-  and  consistent  results  depend  entirely  upon  well-controlled' 

parent,    and   present   a   flattened,    nbbon-like   appearance.  uniform  conditions  for  aU  the  determinations  to  be  made' 

The  fibers  are  hollow,  the  lumen  showing  up  very  plainly  The  method  used  by  the  author  was  very  similar  to  that 

in    unstained    preparations.     A    characteristic    twisting    is  recommended  by  Schwalbe  ^ 

revealed,  just  as  in  the  case  of  long  cotton  fibers.     The  ,              .  •   .          ,         .  ,  .      , 

Imters  differ  from  long-fiber  cotton  apparently  only  in  length.  wifh^To  c^'^fw^rt'dThfiSf  tuTbS 

The  linters  used  for  this  research  were  almost  pure  white  cubic  centimeters  of  each  part  of  Fehling's  solution  were  boiled, 

in  color,  but  when  compared  with  a  slieet  of  wliite  paper  the  two  parts  mixed,  and  the  mixture  added  to  the  water  con- 

a  faint  yellow  tmt  could  be  detected,  due  to  the  presence  of  taming  the  cellulose.     The  whole  was  boiled  exactly  15  minutes, 

11               J.     c  •             u           i.1      CI           irn        •                 1  ^^'th  stirring,  m  an  all-glass  reflux  apparatus.     After  filtration 

a  small  amount  of  iron  salts  on  the  fiber.     When  inamersed  through  a  Buchner  funnel  (diatomaceous  earth  was  unnecessary" 

for  a   tew  minutes   in   strong   hydrochloric   acid,   this   iron  the  linters  were  washed  with  hot  water  until  the  filtrate  showed 

dissolved  out,  imparted  a  yellow  color  to  the  acid,  and  am-  no  copper  when   tested   with   ferrocyanide.     The  linters  were 

monium  thiocyanate  showed  the  presence  of  iron  in  the  acid  treated  with  7  per  cent  nitric  acid,  warmed,  and  filtered.     After 

1    i-            -iTn"               1      1   f         c           ii  •          -1       1    i-  rinsmg  they  were  treated  with  dilute  ammonia  water,  warmed 

solution      When  washed  free  from  this  acid  solution,  pure  Altered,  and  then  treated  again  with  dilute  nitric  acid,  and  fiTaUy 

white  fibers  remained.  washed  free  from  copper.     The  filtrates  and  washings  were  con- 

.                        ^  centrated  and  the  copper  determined  by  titration  with  thio- 

Analytical  Characteristics  sulfate 

MoiSTUHE-Linters  are  hygroscopic,  and  when  dried  in  ^^■^^^^g^^,t^:^^i.^:^^:^l^ 
air  will  retain  from  5  to  b  per  cent  ot  then-  own  weight  of  oxide  during  the  reduction,  and  also  the  trace  of  unreduced  copper 
water.  Determinations  of  the  moisture  content  were  made  which  cannot  be  removed  from  the  fibers  by  washing  with  hot 
by  noting  the  loss  in  weight  when  the  air-dried  samples  water.  In  order  to  determine  the  amount  of  copper  reduced, 
were  heated  for  2  hours  it  110°  C  qnH  tliP  mntprial  nonlpri  ■  ^™'^"  amount  of  unreduced  copper  which  adheres  so  ten- 
were  lieatea  tor  ^ftours  at  liO  L,.  and  the  materia  cooled  aciously  to  the  linters  must  be  determined  and  the  amount  sub- 
in  a  desiccator,  ihe  toUowing  data  are  typical  for  the  type  tracted  from  the  total  copper.  The  unreduced  copper  was  de- 
of  linters  used:  termined  by  treating  the  linters  with  cold  Fehling's  solution. 

The  removal  and  determination  of  the  copper  were  accomplished 

Moisture                                                       Per  cent  in  the  manner  described  above.     This  copper  has  been  termed 

Saturated  air i4sq  "correction"   in  the   data  concerning  copper  numbers   in  this 

paper. 

For  ordinary  cotton  fiber  the  water  content  usuaUy  ranges  The  linters  used  in  this  research  gave  the  following  results 

from  6  to  8  per  cent.     In  a  saturated  atmosphere,  Wiesner^  for  copper  number  determinations,  calculated  on  the  basis 

found  a  water  content  of  20.99  per  cent  for  cotton  ceUulose.  of  100  grams  of  oven-dried  material: 

'  Presented  before  the   Division  of  Cellulose  Chemistry  at  the  64th  Per  cent 

Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September  X°'^'  copper 1.03 

»  ^„  Q    iQ.7.1  ,  correction 0.46 

'*  ^°  "•  ^^•^■^-  Reduced  copper  (difference) 0.  57 

2  Abstract  of  a  thesis  submitted  to  the  University  of  Pittsburgh  in         ' 

partial  fulfilment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy.  <  "Chemie  der  Cellulose,"  p.  34. 

'  Wiesner,    "Die    Rohstoffe    des    Pfanzenreiche,"  2nd  ed.,  2,  pp.  181  '"Cellulose,"  2nd  ed.,  p.  3. 

and  250;  Matthews,  "Textile  Fibers,"  3rd  ed.,  p.  174.  «  "Chemie  der  Cellulose,"  p.  625. 
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SuMMABY  OF  PROPERTIES — A  resum^  of  the  preliminary 
treatment  given  the  linters  during  the  course  of  manufacture, 
with  the  analytical  figures  determined,  points  very  clearly 
to  the  fact  that  these  linters  are  cellulosic  material  of  ex- 
ceptional purity. 

Preliminary   Treatment: 

(1)  Dirt  dusted  out 

(2)  Boiled  5  hours  in  1  per  cent  NaOH 
(.3)     Bleached  with  very  weak  hypochlorite 
(4)     Dried  at  low  temperature 

Analytical  Constants: 

(1)  Moisture,  5.5  per  cent 

(2)  Extracted  material,  0.31  to  0.57  per  cent 

(3)  Ash,  O.l.S  per  cent 

(4)  Copper  reduction,  0.57  per  cent 
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formic,  and  acetic.  The  concentrations  ranged  from  10  to 
100  per  cent,  depending  upon  the  acid.  The  time  of  exposure 
in  most  cases  was  18  hours.  The  temperature  was  25°  C. 
in  all  cases.  The  results  are  given  in  the  accompanying 
table  and  in  Fig.  1.  The  results  for  sulfuric  acid  are  plotted 
as  representative  of  the  action  of  strong  acids  on  linters. 

Effects  of  Acids  on  Copper  Numbers  op  Linters 

Aqueous  Sulfuric  Acid.  16  Hrs.  (.Fig.  1) 
Per  cent       Total  Copper        Correction  Copper 

Acid  Per  cent  Per  cent  Number 

10  0.88  0.44  0.44 

20  1.33  0.49  0.84 

40  2.64  0.34  2.30 

45  3.16  0,34  2.82 

50  3.59  0.29  3.30 

55  5.10  0,20  4.90 

60  6.88  0.14  6.74 

Aqueous  Hydrochloric  Acid,  20  Hrs.* 
10  2.01  0.47  1.54 

15  2.48  0.42  2.06 

20  3.86  0.40  3.46 

25  5.66  0.34  5.32 

30  6.94  0  31  6.63 

34  '.35  0.25  7.10 

Aqueous  Hydrobromic  Acid,  18  Hrs. 
10  1.75  0.56  1.19 

20  1.88  0.39  1.49 

30  3.46  0.35  3.11 

34  4.17  0.37  3.80 

Aqueous  Nitric  .Acid,  18  Hrs. 
10  1.00  0.46  0..54 

-      20  1.32  0.41  0.91 

30  1.61  0.42  1.19 

40  2.10  0.40  1.70 

50  3.51  0.39  3.12 

60  10. .53  0.44  10.09 

70  26.99  1.21  25.78 

.-iqueous  Phosphoric  Acid,  18  Hrs. 
10  1.00  0.48  0.52 

30  1.08  0.45  0.63 

60  1.47  0.42  1.05 

70  1.69  0.43  1.26 

80  1.98  0.46  1.52 

Aqueous  Formic  Acid,  18  Hrs. 
10  0.83  0.43  0.40 

20  0.88  0.41  0.47 

40  0.95  0.39  0.56 

60  1.22  0.39  0.83 

7S  1.16  0.30  0.86 

.Aqueous  .Acetic  .Acid,  18  Hrs. 

20  0.59  0.34  0.25 

40  0.60  0.33  0.27 

60  0.75  0.40  0.35 

SO  0.98  0.43  0.55 

100  1.14  0.46  0.68 

*  When  linters  were  treated  for  18  hours  with  anhydrous  ethyl  ether, 

saturated  with  dry  hydrochloric  acid  gas,  a  reaction  somewhat  similar  to 

that  in  aqueous  solution  was  noted.      The  linters  in    this  case   gave  copper 

values  as  follows: 

Per  cent 

Total  copper I,  3.29;  II,  3. 17 

Average 3 .  23 

Correction 0 .  59 

Copper  number 2 .  64 


Action   of   Certain   Halogen  Compounds   on  Linters 

Phosphorus  Oxychloride — Phosphorus  oxychloride  re- 
acts with  linters  in  the  cold,  and  after  several  hours  shows 
a  marked  tendency  to  disintegi-ate  the  fibers.  The  action 
is  very  similar  to  that  produced  by  hydrochloric  acid,  which 
is  discussed  below. 

Selenium  Oxychloride — Cold  selenium  oxj'chloride  pro- 
duced no  visible  change  in  oven-dried  linters  after  24  hours. 
When  warmed  to  approximately  75°  C.  the  linters  softened, 
disintegrated,  and  finally  the  mix-ture  became  a  deep  brown 
liquid.  A  small  amount  of  hydrogen  chloride  was  evolved 
during  the  process.  One  hundred  and  fifty  cubic  centimeters 
of  anhydrous  ethyl  ether  were  added  to  the  cooled  solution 
and  a  pale  cream-colored,  amorphous  precipitate  settled  out. 
This  substance  quickly  decomposed  in  the  presence  of  a  trace 
of  moisture,  turning  bright  red  (selenium)  and  evolving  hy- 
drogen selenide. 

Action  of  Acids  on  Linters 

Linters  were  treated  with  different  acids  of  varying  con- 
centrations for  se\'eral  hours,  and,  after  washing  and  drying, 
the  copper  numbers  were  determined.  The  acids  used  were 
sulfuric,     hydrochloric,     hydrobromic,     nitric,     phosphoric. 


Action  of  Alkalies  on  Linters 

Experiments  were  conducted  using  alkalies  with  linters 
in  a  manner  similar  to  that  employed  for  acids.  The  alkalies 
used  were  sodium,  potassium,  and  ammonium  hydroxides. 
The  following  tables  and  Fig.  2  show  the  results  of  these 
experiments : 


.4 

queous  Sodium  Hydr 

oxide,  IS  Hrs. 

25' C. 

Per  cent 
Alkali 

Total  Copper 
Per  cent 

Correction 
Per  cent 

Copper 

Number 

10 
15 
20 
30 
50 

1.10 
l.Sl 
2.06 
2.03 
2.14 

0.57 
1.12 
1.37 
1.34 
1.36 

0.53 
0.69 
0.69 
0.69 
0.78 

These  results  agree  with  the  idea  presented  by  Hibbert,"  that 
alkalies  do  not  open  up  one  of  the  cellulose  rings.  The  constancy 
of  the  copper  reduction  values  bears  out  this  observation. 


Aqu 

'ous  Potassium 

Hydroxide,  18  Hrs. 

25"  C. 

Per  cent 

Total  Coppe 

r       Correction 

Copper 

Alkali 

Per  cent 

Per  cent 

Numbe 

10 

1.04 

0.50 

0.54 

15 

1.07 

0.61 

0.46 

20 

1.32 

0.77 

0.55 

30 

1.89 

1.18 

0.71 

50 

2.04 

1.39 

0.65 

'  This  Journal.  tS,  258,  iZA    (1921). 
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Ammonium  Hydroxide.  Concentrated  ammonium  hydroxide,, 
containing  28.3  per  cent  of  ammonia,  was  tried  with  linters. 
The  copper  values  were  almost  the  same  as  were  found  for  un- 
treated cellulose,  being  as  follows: 

Linters  +  NH3  Original  Linters 

Total  copper 1.10  1.03 

Correction 0.49  0.46 

Copper  reduced 0.61  0.57 

It  is  evident  that  concentrated  ammonium  hydroxide  at  25°  C. 
has  no  appreciable  effect  upon  the  linters. 

Ester  Formation  with  Linters 

In  the  past  twenty  years  an  immense  amount  of  work 
has  been  done  with  the  esterification  of  cellulose.  The 
formation  of  nitrates,  acetates,  benzoates,  formates,  lactates, 
etc.,  has  been  carefully  studied,  and  almost  innumerable 
patents  have  appeared  covering  the  various  methods  of 
production.'  The  author  has  not  endeavored  to  add  to  this 
long  list  of  methods,  but  has  attempted  the  application  of 
a  few  of  the  well-tried  processes  to  the  preparation  of  esters 
from  linters.  During  the  war  the  formation  of  cellulose 
nitrates  from  linters  was  investigated  thoroughly  and  carried 
out  on  an  immense  scale  by  the  War  Department.  The 
author  devoted  his  attention  to  the  production  of  the  ben- 
zoate,  and  especially  to  the  production  of  the  dithiocarbonate, 
commonly  known  as  viscose. 

Benzoate — The  method  most  commonly  used  for  the 
formation  of  cellulose  benzoate  is  one  which  proceeds  accord- 
ing to  the  Shotten-Baumann  reaction.  The  application  of 
this  method  to  cellulose  was  investigated  by  Ost  and  Klein.' 
This  method  involved  the  use  of  benzoyl  chloride  with  cellu- 
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lose  in  the  presence  of  a  base.  The  most  successful  prepara- 
tion of  the  tribenzoate  of  ceUulose  resulted  when  pyridine 
was  used  as  the  base.  The  discussion  of  this  reaction  is  given 
by  Heuser.'" 

When  this  method  was  tried  by  the  author,  with  linters, 
it  was  found  that  the  esterification  occurred  very  readilj-. 


•  Worden,  "Technology  of  Cellulosi 
'  Z.  angtw.  Chem.,  26,  437  (1913). 
'  "Lehrbuch  der  Cellulose  Chemie,' 


Esters,"  Vol.   1,  p.  3088. 


The  tribenzoate  was  produced  and  it  was  completely  soluble 
in  chloroform,  producing  a  very  viscous  solution. 

Dithiocarbonate — Most  of  the  author's  research  in 
regard  to  esters  has  been  in  comiection  with  ceUulose  dithio- 
carbonate, or  viscose,  as  it  is  usually  called.  This  ester  was 
discovered  by  Cross  and  Bevan,  who  patented  their  dis- 
covery in  1893."  A  description  of  the  preparation  of  viscose 
and  its  properties  has  been  given  by  these  chemists  in  their 
book,  "CeUulose,"  and  it  has  now  become  one  of  the  impwrtant 
subjects  in  every  general  treatise  on  ceUulose  chemistry. 

The  successful  production  of  \Tscose  depends  upon  the 
many  factors  which  may  be  classified  in  a  general  way  as 
foUows: 

(1)  Preliminary  treatment  of  the  cellulose 

(2)  Concentration  of  reagents  employed 
(.3)     Temperature  control 

(4)     Time  allowed  for  stages  of  the  reaction 

In  general,  the  program  carried  out  may  be  divided  into 
three  stages: 

(1)  Formation  of  alkali  cellulose 

(2)  Combination   of   alkali   ceUulose   with   carbon   disulfide 

(3)  Solution  of  the  ester  in  water 

The  formation  of  the  alkali  ceUulose  is  accomplished  by 
the  interaction  of  cellulose  and  sodium  hydroxide  solution. 
Not  only  is  the  combination  of  ceUulose  with  alkali  to  form 
alkali  ceUulose  necessary,  but  a  process  of  "ripening"  is  also 
important.  This  process  consists  merely  in  aUowing  the 
alkali  ceUulose  to  stand  several  hours  before  attempting  to 
apply  the  carbon  disulfide.  In  a  patent"  granted  to  the 
discoverers  of  viscose,  claim  was  made  that  the  alkali  and 
carbon  disulfide  could  be  applied  simultaneously,  but  in 
the  manufacture  of  viscose  at  the  present  time  the  alkali 
cellulose  is  aUowed  to  ripen  before  the  carbon  disulfide  is 
applied.  The  ripening  may  be  carried  out  in  a  closed  vessel 
or  it  may  be  accomplished  by  exposing  the  alkali  ceUulose 
to  the  air.  The  temperature  at  which  the  ripening  occurs 
has  an  important  bearing  on  the  quality  of  viscose  produced. 
Carbon  disulfide  is  added  and  the  mixture  sealed  up  to  pre- 
vent loss  of  carbon  disulfide  vapor.  The  carbon  disiUfide 
vapor  reacts  with  the  alkali  cellulose,  and  the  whole  mass 
becomes  yeUow  and  finaUy  orange  in  color.  If  the  reaction 
proceeds  properly,  the  fibers  eventually  melt  together  into 
moist,  gelatinous  masses.  Here  also  the  temperature  affects 
the  speed  of  the  reaction.  At  4°  C.  at  least  48  hours  are 
necessary,  wliile  at  25°  C.  usually  18  hours    are  sufficient. 

When  the  combination  of  alkali  cellulose  with  carbon  di- 
sulfide is  complete,  any  excess  of  carbon  disulfide  is  removed 
by  suction,  and  water  and  usually  more  sodium  hydroxide 
are  added  to  the  cellulose  ester.  The  dissohing  of  the  ester 
is  usually  slow,  due  to  the  great  viscosity  of  the  solution. 
Frequent  agitation  is  desirable.  As  the  solution  process 
is  carried  out  the  material  is  stored  in  a  refrigerator,  where 
it  must  be  henceforth  kept  to  prevent  rapid  decomposition. 
The  quality  of  the  various  solutions  is  subject  to  wide  varia- 
tions unless  great  care  has  been  exercised  to  control  the  condi- 
tions under  which  these  solutions  have  been  prepared. 

Freshly  prepared  xdseose  must  be  subjected  to  another 
ripening  process  if  the  product  is  to  be  used  for  producing 
threads  or  fUms.  Cellulose  dithiocarbonate  is  not  a  very 
stable  substance  and  wiU  decompose  at  room  temperature 
in  the  course  of  2  or  3  days.  This  decomposition  occurs 
very  slowly  at  4°  C;  conseciuently,  the  preparations  must 
be  preserved  in  a  refrigerator.  The  ripening  consists  in 
aUowing  this  decomposition  to  proceed  to  the  point  where 
the  properties  of  the  product  are  most  suitable  for  the  appli- 
cation in  mind. 

"  Brit.  Patent  5700  (1893). 
"  U.  S.  Patent  520,770. 
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A  great  many  modifications  of  the  methods  described  in 
general  in  the  literature  have  been  tried  by  the  author  of 
this  paper,  in  the  effort  to  discover  the  best  conditions  under 
which  viscose  could  be  produced  from  linters.  It  is  generally 
recognized  by  workers  in  this  field  that  viscose  made  from 
wood  pulp  is  more  readily  dis.solved  in  water  than  that  made 
from  very  pure  forms  of  cellulose,  such  as  cotton.  It  is 
also  generally  known  that  \'iscose  made  from  wood  pulp 
produces  films,  or  threads,  which  are  not  as  strong  as  those 
produced  from  the  purer  forms  of  cellulose. 
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Fig.  3 — Comparative  Viscosity  ok  Solutions  op  Viscose  Made  from 
Cotton  Linters  Treated  with  Nitric  .^cid 

Experiments  were  conducted  in  which  the  conditions  of 
formation  of  the  alkali  were  tried,  and  both  temperature 
and  time  of  exposure  were  varied.  The  conditions  under 
which  the  alkali  cellulose  was  ripened  were  varied  and  the 
effects  noted.  In  many  of  these  preparations  the  alkali 
reaction  was  not  complete  and  the  resulting  xanthogenate 
would  not  dissolve  in  water.  In  others  the  alkali  reaction 
had  gone  too  far  and,  while  complete  solubility  of  the  ester 
often  resulted,  the  viscosity  of  the  solution  was  very  low. 
A  method  suggested  by  Mitscherling"  for  the  production  of 
viscose  from  cotton  was  tried  out  with  linters.  This  method 
was  briefly  as  follows: 

One  hundred  grams  of  linters  were  treated  with  750  grams 
of  20  per  cent  sodium  hydroxide  for  20  jninutes  at  25°  C. 
Alkali  was  pressed  out  under  pressure  and  the  pressed  alkali 
cellulose  weighed  360  grams.  This  was  exposed  to  air  for 
44  hours  at  25°  C.  It  was  then  placed  in  a  bottle,  50  grams 
of  carbon  disulfide  added,  and  the  bottle  sealed.  The  mix- 
ture was  allowed  to  stand  at  25°  C.  for  IS  hours. ^■'  Fifty 
grams  of  sodium  hydroxide  were  dissolved  in  a  liter  of  water 
and  this  solution  was  added  to  the  xanthogenate.  The  whole 
was  made  up  to  2000  grams.  The  solution  was  practically 
complete,  but  the  product  was  thin  and  watery,  and  very 
unsatisfactory  for  most  applications. 

This  very  low  \iscosity  of  the  product  just  described 
reminded  the   author  of  a  series  of   ^•iscose   preparations 

1'  Paper  presented'  before  the  Section  of  Cellulose  Chemistry  at  the 
62nd  Meeting  of  the  American  Chemical  Society,  New  York,  N.  Y., 
September  6  to  10,  1921. 

1*  Mitscherling  proposed  the  use  at  this  point  of  sodium  hydroxide 
tqual  to  the  weight  of  the  original  cellulose. 


which  he  had  made  earlier  from  partially  hydrolyzed  linters. 
These  preparations  were  likewise  low  in  viscosity.  In  a 
series  of  experiments  in  which  the  method  suggested  by 
Mitscherling's  paper  was  modified,  it  was  found  that  by 
shortening  the  time  of  exposure  of  the  alkali  cellulose  to 
air  (ripening)  the  \iscosity  of  the  product  became  much 
greater.  When  the  time  was  shortened  to  5  hours,  a  product 
of  high  viscosity  and  other  fine  qualities  was  produced. 

Reference  was  made  earlier  in  this  discussion  to  the  effect 
on  vdscose  of  preliminary  treatment  of  the  cellulose.  Herein 
apparently  lies  the  reason  for  the  difference  in  properties 
of  wood-pulp  viscose  and  cotton  viscose.  The  treatment 
through  which  wood  pulp  goes  in  order  to  free  the  cellulose 
from  lignin,  etc.,  is  more  drastic  than  that  through  which 
cotton  is  put.  The  effect  is  noticed  in  the  more  rapid  solu- 
tion of  viscose  made  from  wood  pulp  than  that  made  from 
cotton,  and  at  the  same  time  the  production  of  weaker  threads 
or  fUnis  by  the  former  when  compared  with  those  from  the 
latter. 

This  was  borne  out  by  a  series  of  experiments  performed 
by  the  author.  Samples  of  Imters  were  treated  for  varying 
lengths  of  time  with  hydrochloric  acid  and  afterwards  washed 
imtU  neutral.  Viscose  was  made  from  these  acid-treated 
linters,  and  in  every  case  very  thin  watery  products  were 
formed.  The  cellulose  was  rendered  much  more  reactive 
by  the  acid  treatment,  but  the  products  made  from  the  vis- 
cose possessed  very  little  strength. 

The  final  piece  of  work  in  connection  with  this  research 
consisted  in  the  preparation  of  viscose  from  samples  of  linters 
which  had  been  treated  with  increasing  concentrations  of 
nitric  acid. 

Thirty-gram  samples  of  linters  were  treated  with  nitric 
acid  solutions  ranging  from  10  to  70  per  cent,  for  18  hours  at 
25°  C.  After  washing  thoroughly,  until  free  from  acid, 
these  samples  were  dried  at  room  temperature.  Each 
sample  was  converted  into  viscose,  using  identical  conditions 
for  all.  A  blank  (untreated  fibers)  was  run  for  a  comparative 
test.  The  blank  test  gave  'voscose  which  possessed  the 
highest  viscosity  of  all  the  samples,  and  in  the  acid-treated 
samples  the  viscosity  fell  with  gi-eat  rapidity.  A  Stormer 
viscometer  was  used  to  gain  some  idea  of  the  comparative 
\'iscosities.    The  results  of  these  tests  were  as  follows: 
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The  greatest  diminution  of  viscosity  occurred  when  the 
lowest  concentration  of  acid  was  used.  This  is  readUy  seen 
when  the  figures  are  plotted,  as  in  Fig.  3. 
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Furfural  from  Corncobs' 

II — The  Bureau  of  Chemistry  Experimental  Plant  and  Process  for  Furfural  Production 

By  Frederick  B.  LaForge  and  Gerald  H.  Mains 

Bureau  of  Chemistry,  Washington,  D.  C. 


WORK  in  the  Bu- 
reau of  Chemis- 
try on  the  utih- 
zation  of  corncobs  started 
in  1918,  resulted  in  the  de- 
velopment of  processes  for 
the  manufacture  of  various 
products,-  including  corn- 
cob adhesive.^  In  1920 
Monroe,  of  this  bureau, 
obtained  furfural  by  the  ac- 
tion of  fairly  concentrated 
sulfuric  acid  upon  this  ad- 
hesive.'' The  possibility 
of  thus  producing  furfural 
cheaply  led  to  a  study  of 
possible  uses  of  the  material 
as  an  organic  intermedi- 
ate. As  the  minimum  price  quotation  from  chemical  supply 
houses  was  $30  per  pound,  it  was  decided  to  produce  the 
furfural  for  experimental  work  in  the  bureau. 

About  60  pounds  of  furfural  were  produced  during  the 
winter  of  1920-21,  using  a  small  Duriron  digester  adopted 
as  the  result  of  laboratory  experiments  on  sulfuric  acid  diges- 
tion of  the  adhesive  and  of  the  cobs  themselves.  Interest 
in  the  possibilities  of  furfural  utilization  had  been  aroused 
among  commercial  firms,  and  a  considerable  portion  of  the 
material  made  was  supplied  to  these  manufacturers  for 
cooperative  research.  Preliminary  results  of  this  cooperation 
were  so  promising  that  a  study  of  furfural  production  on  a 
semicommercial  scale  was  undertaken.  The  previous 
experimental  work  had  shown  that  the  procuring  of  a  maxi- 
mum yield  of  furfural  was  not  the  determining  factor  of 
low  cost,  but  that  the  main  consideration  should  be  given  to 
the  time,  labor,  heat,  and  digestive  agents  required.  The 
sulfuric  acid  digestion  gave  good  yields,  but  was  deficient 
in  the  other  points. 

Several  investigators  had  noted  the  formation  of  furfural 
by  the  action  of  steam  or  superheated  water  on  various  vege- 
table materials.''  Furfural  had  been  isolated  from  the  vapors 
accompanying  the  production  of  corncob  adhesive,  and  ex- 
periments* showed  the  possibility  of  obtaining  promising 
yields  from  the  cobs  by  steam  digestion  under  pressure. 

A  steel  digester  designed  for  the  production  of  adhesive 
was  accordingly  put  into  use,  and  large  quantities  of  dilute 
furfural  solutions  were  produced.  A  study  of  the  system 
furfural-water'  made  it  possible  to  work  out  conditions 
for  the  ready  concentration  of  the  furfural  by  fractional 
distillation,  and  small  temporary  stills  were  used  until  a 
suitable  column  could  be  designed.  Several  manufacturers 
of  distillation   equipment   cooperated  with  the   bureau  in 
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In  this  paper  the  work,  of  ihe  Bureau  of  Chemistry  in  the  production 
of  furfural  from  corncobs,  and  the  experimental  plant  and  process 
developed  in  the  course  of  the  work,  are  described.  The  plant  consists 
essentially  of  a  pressure  digester  unit  and  a  continuous  column 
still.  The  cobs  are  digested  with  water  and  high-pressure  steam, 
the  vapors  being  condensed  to  form  a  dilute  furfural  solution  which 
is  concentrated  in  the  column  still. 

Optimum  operating  conditions  are:  Pressure,  130  to  135  pounds 
{180°  C):  ratio  of  water  to  cobs,  4:1 ;  digestion  period.  2  hours. 
The  furfural  yield  obtained  is  6  per  cent  of  the  weight  of  cobs  used. 
The  column  still  separates  from  the  dilute  solution  5  to  6  pounds 
of  crude  {95  per  cent)  furfural  per  hour  with  a  97  to  98  per  cent 
recovery.  Small  quantities  of  acetic  acid,  acetaldehyde,  and  meth- 
anol are  by-products. 

The  process  is  simple  and  commercially  feasible,  and  can  be 
adapted  to  a  number  of  agricultural  wastes. 
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the  design  of  apparatus  for 
concentrating  the  dilute  fur- 
fural solutions,  using  data 
obtained  in  the  experimen- 
tal work.  Specifications 
were  drawn  up  for  a  con- 
tinuous column  still  utiliz- 
ing the  various  designs 
suggested,  and  the  column 
was  put  into  operation  in 
January,  1922. 

During  1921,  using  the 
digester  and  temporary  rec- 
tifying stills,  more  than  220 
pounds  of  furfural  were 
made  at  the  experimental 
plant,  tllis  quantity  of 
material  being  required  for 
the  developing  cooperative  work  on  furfural  utilization. 
The  erection  of  the  column  still  gave  the  plant  a  maximum 
capacity  of  40  to  50  pounds  of  furfural  per  working  day. 
The  latter  part  of  January,  1922,  commercial  furfural  was 
offered  on  the  market  in  this  country  at  a  comparatively 
low  price  through  the  independent  research  of  the  Miner 
Laboratories  of  Chicago.  The  increasmg  demand  for  fur- 
fural by  the  more  important  cooperators  was  taken  care  of 
by  this  development,  thus  permitting  attention  to  be  turned 
from  quantity  production  to  experimental  work.  Durmg 
the  experimental  runs  in  1922  approximately  350  pounds 
of  furfural  were  produced,  95  pounds  during  a  single  21-hour 
continuous  run. 

The  Plant 
The  furfural  plant  occupies  a  portion  of  the  main  floor 
space  of  the  building  of  the  Color  Laboratory  at  Arlmgton 
Farm,  Eosslyn,  Va.  Tliis  building  is  a  factory  type  structure, 
provided  with  all  necessary  facilities  for  large-scale  experimen- 
tal work,  including  high  and  low-pressure  steam  and  elec- 
trical power.  A  traveling  crane  serves  for  the  hfting  and 
transporting  of  materials  and  for  the  erection  of  heavy  ap- 
paratus. The  equipment  consists  of  two  parts — a  digester 
unit  for  the  production  of  dilute  furfural  solution,  and  a  col- 
umn still  for  the  separation  of  furfural  from  this  solution. 
Digester  Unit — The  digester  proper  is  a  cylindrical 
steel  shell,  72  inches  high  by  36  inches  in  diameter,  with  a 
conical  bottom.  It  has  an  available  capacity  of  about  30 
cubic  feet  and  holds  a  charge  of  200  to  2.50  pounds  of  cobs, 
with  the  necessary  amount  of  water.  The  digester  and 
accessories  are  shown  in  Figs.  1  and  2,  and  diagrammatically 
in  Fig.  3.  There  is  a  15-inch  charging  door  at  the  top  of 
the  digester  and  a  12-inch  standard  garbage-reducer  type 
gate  valve  at  the  bottom.  The  digester  is  provided  with 
a  steam  gage,  thermometer  well,  and  safety  valve.  The 
steam,  controlled  by  a  pressure  regulator,  enters  near  the 
gate  valve.  The  blow-off  vapors  pass  to  the  condenser 
tlirough  an  exit  pipe  near  the  top  of  the  shell,  the  opening 
being  placed  as  high  as  possible  to  minimize  the  entrainment 
of  soUd  and  liquid  particles. 

Beneath  this  digester  is  a  wooden  box  connected  with  the 
bottom  opening  of  the  gate  valve.     This  box  has  an  inclined 
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slatted  bottom,  covered  with  a  screen,  which  ser\'e.s  to  drain 
the  discharged  contents  of  the  digester.  The  liquids  are 
caught  in  a  shallow  wooden  tank  under  the  drain  box.  A 
hydraulic  press  to  handle  the  wet  residue  is  placed  conveni- 
ently near  the  di-ainage  tank. 


Fig.  1 — Furfural  Plant.  Showing  Digester  and  Press 

The  condenser  for  the  furfural-laden  blow-off  vapors  is 
of  the  vertical  copper  tube  t\-pe.  The  condensed  vapors 
are  collected  in  barrels  or  in  a  small  receiver,  from  which  the 
liquid  is  pumped  to  a  storage  tank. 

Column  Still — The  continuous  column  still  (Fig.  2) 
used  in  the  experimental  plant  consists  of  a  column  mth  ex- 
hausting and  rectifying  sections,  a  condenser  for  the  minimum 
boiling  furfural-water  distOlate,  a  condenser  for  the  heads, 
a  decanter,  feed  and  receiving  tanks,  and  accessories. 

Fig.  4  is  a  diagrammatic  representation  of  the  still.  The 
exhausting  and  rectifying  sections  of  the  column  are  built 
of  standard  8-inch  plate  units.  There  are  12  plate  and  boil- 
ing cap  units,  6  inches  high,  in  the  exhausting  section  and 
21  perforated  plate  units,  4  inches  high,  in  the  rectifying 
section.  A  24-inch  dephlegmator  section  at  the  top  and  a 
12-ineh  bottom  section  containing  the  open  steam  spray- 
head  complete  the  column  proper.  The  condensers  consist 
of  copper  coils  enclosed  in  gah-anized  iron  tanks.  The 
decanter  and  receiving  tanks  are  of  copper,  the  receiving 
tanks  being  tm  lined.  The  feed  tank  is  of  galvanized  iron 
and  has  a  capacity  of  100  gallons.  All  piping  except  for 
condensing  water  is  of  copper. 

The  dilute  furfural  solution  from  the  digester  is  pumped 
from  its  storage  tank  to  the  feed  tank,  whence  it  flows  by 
gravity  onto  Plate  12  at  the  top  of  the  e.xhaustmg  section,  .4. 
Distillation  is  effected  by  means  of  open  steam  entering  the 
bottom  of  the  column  through  the  pressure  regulator,  R. 
In  the  exhausting  section  the  furfural  is  vaporized  and  carried, 
togetiier  mth  water  and  the  more  volatile  components, 
into  the  rectifjing  coluum,  B,  which  separates  from  tliis 
vapor  a  minimum  boiling  mixture  of  furfural  and  water 


containing  approximately  35  per  cent  of  furfural  and  boUing 
at  97.9°  C.  This  furfural- water  mixture  is  drawn  off  through 
the  main  \-apor  pipe,  C,  and  passes  through  the  condenser, 
D,  into  the  decanter,  E.  Since  at  room  temperature  furfural 
is  soluble  in  water  to  the  extent  of  only  about  8  per  cent, 
the  excess  furfural  separates  as  a  lower  layer,  while  the  upper 
saturated  solution  of  furfural  in  water  flows  off  through  the 
return  pipe  F,  as  reflux  to  the  column,  entering  it  at  Plate  14. 
The  lower  furfural  layer,  which  contains  approximately  5  per 
cent  of  water,  is  drawn  from  the  bottom  of  the  decanter  con- 
tinuously, and  passes  through  the  tester,  G,  to  the  receiving 
tank,  H.  This  furfural,  containing  a  small  quantity  of  other 
imi^urities  besides  the  water,  is  knoTvn  as  crude  or  technical 
furfural,  and  as  such  is  ready  for  use  in  the  trade. 

The  feed  Mquor  contains  a  small  quantity  of  lower  boiling 
impurities,  wliich  are  carried  through  to  the  upper  part  of 
the  rectifying  colunm  and  pass  off  as  heads  through  the  vapor 
pipe.  A',  and  condenser,  L,  to  the  receiving  tank,  M.  The 
dephlegmator,  J,  helps  to  provide  reflux  for  the  upper  portions 
of  the  rectifying  column. 

The  organic  acid  contained  in  the  feed  liquor  passes  toward 
the  bottom  of  the  exhausting  column,  and  is  carried  off  with 
the  water  by  the  discharge  pipe,  S,  to  the  sewer.  The  vent, 
T^  open  to  the  air,  takes  care  of  anj-  sudden  change  of  pressure 
in  the  lower  part  of  the  column. 

Regulating  accessories  include  four  valve-controlled 
branches  of  the  main  vapor  pipe  leading  from  different  plates 
of  the  rectif.ying  section,  drain  cocks  from  each  plate,  pressure 
gage,  the  thermometer,  Ti,  at  the  feed  plate,  and  the  ther- 
mometers, 7*2  and  Ti,  inserted  in  the  vapor  pipes. 

Stea-m  Digestion  Process 

The  optimum  conditions  as  determined  by  the  laboratory 
experiments*  gave  a  furfural  yield  of  about  9  per  cent  (based 
on  air-dry  weight  of  cobs)  starting  with  a  water  to  cob  ratio 
of  6  :  1  and  distilHng  off  about  60  per  cent  of  the  water  during 
the  reaction  period  of  2  hours  with  temperature  of  180°  C. 

In  the  experunental  plant,  since  the  digester  is  heated  by 
the  injection  of  steam,  the  water  to  cob  ratio  at  any  stage 
of  the  process  necessarily  differs  from  that  existing  in  the 
externally  heated  laboratory  autoclave.  Runs  were  made 
using  various  proportions  of  water  to  cobs  to  adjust  properly 
the  conditions.  The  best  results  were  obtained  where  a 
ratio  of  4:1  was  reached  after  30  minutes  at  130  to  135 
pounds  gage  pressure  (180°  C). 

In  order  to  obtain  the  900  pounds  of  water  (at  the  end  of  30 
minutes  digestion)  for  the  usual  charge  of  200  to  225  pounds  of 
cobs,  it  was  necessary  to  start  with  about  550  pounds  of  water 
at  room  temperature,  condensation  making  up  the  difference. 

In  experiments  on  this  scale,  no  difference  in  results  was 
observed  in  the  use  of  whole  or  broken  cobs.  In  fact,  the 
material  is  practically  all  disintegrated  during  the  early 
stages  of  the  digestion. 

Procedure — About  550  pounds  of  water,  or  weak  furfural 
solution,  and  from  200  to  225  pounds  of  cobs  are  placed  in 
the  digester,  and  steam  at  150  pounds  boiler  pressure  is 
slowly  run  in.  The  time  when  the  pressure  in  the  digester 
has  reached  130  pounds  is  recorded  as  the  beginning  of  the 
reaction  period.  At  this  point  the  blow-off  vahe  is  opened 
slightly  and  the  rate  of  distillation  regulated  to  1  to  1.5  pounds 
per  minute.  This  allows  the  escape  of  gases  as  they  are 
formed.  After  30  minutes  the  blow-off  rate  is  increased  to 
5  to  6  pounds  per  minute  and  the  digestion  continued  for 
90  minutes  longer.    At  that  point  the  steam  is  shut  off' 

«  LaForgc,  This  Journal,  16,  499  (1923). 

9  In  some  cases,  when  the  pressure  has  fallen  to  10  or  12  pounds,  a  slow 
current  of  steam  is  admitted  into  the  digester  in  order  to  expel  a  larger 
proportion  of  the  furfural  dissolved  in  the  liquid.  It  is  doubtful,  however, 
whether  this  is  necessary  or  advisable  if  the  rate  of  distillation  during  the 
process  is  properly  regulated. 
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Table  II — Furfural  Production  Using  Weak  Furfural  Solution  : 
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;ind  tlie  blow-off  increased  from  time  to  time  as  the  pressure 
falls. 

The  distillate  collected  throughout  the  run  contains  the 
major  portion  of  the  furfural  formed  in  the  process.  The 
composition  varies  at  different  stages  of  the  digestion.  Fur- 
fural begins  to  appear  in  the  distillate  about  15  minutes 
after  the  temperature  reaches  180°  C.  The  concentration 
increases  for  60  minutes,  remains  nearly  constant  for  30 
minutes,  and  then  decreases  rapidly.  Therefore,  the  entire 
distillate  from  one  or  more  runs  is  mixed  together  to  get 
a  uniform  solution  suitable  for  subsequent  concentration 
in  the  column  still. 

When  the  pressure  of  the  digester  has  dropped  to  about 
5  pounds  the  contents  are  discharged,  allowed  to  drain  for 
15  to  20  minutes,  then  pressed  to  expel  additional  liquid. 
The  small  quantity  of  dissolved  free  furfural  is  recovered 
from  the  extract  by  distilling  off'  about  one-third  of  its  volume. 
The  dilute  furfural  thus  obtained  is  added  to  sulisequent 
charges  of  cobs.  The  added  furfural,  together  with  that 
formed  from  the  cobs,  distils  off,  thus  increasing  the  concen- 
tration of  the  distillate  and  making  possible  a  recovery  of 
practically  all  the  available  furfural.  The  ceUulosic  press 
cake  and  the  residual  extract  liquor  from  which  the  furfural 
has  been  recovered  are  usually  discarded. 

Data  from  Typical  Runs — Table  I  gives  data  from  a 
series  of  runs  made  in  the  earlier  stages  of  the  work  before 
the  optimum  water-cob  ratio  had  been  determined.  The 
charge  of  water  used  would  give  a  water-cob  ratio  at  the  end 
of  20  minutes  digestion  nearer  3:1  than  the  optimum  4:1. 
The  slight  variations  occurring  in  this  ratio  and  in  the  time 
relations  were  not  sufficient  to  affect  the  yield  materially. 

The  column  headings  are  for  the  most  part  self-explanatory. 
The  quantities  of  furfural  were  determined  in  the  distillate 
by  the  usual  phloroglucin  method.  The  free  furfural  in  the 
discharge  liquor  was  determined  by  distillmg  off  80  cc.  from 
100  cc.  and  determming  the  furfural  in  an  aliquot  part  of  the 
distillate.  The  column  headed  "Yield"  gives  results  based 
on  analysis  of  the  solutions.  The  phloroglucin  precipitates 
contain  a  small  amount  of  impurities,  and  a  number  of 
experiments  on  actual  isolation  show  that  the  true  furfural 
value  will  average  95  per  cent  of  the  calculated  value.  The 
wet  ceUulosic  residue  was  weighed  and  the  moisture  was 
determined  in  an  aliquot  part.  The  weight  of  moisture  in 
the  residue  added  to  the  weight  of  the  liquor  obtained  by 
draining  and  pressing  gives  the  weight  of  discharge  hquor. 

In  Run  A-3  an  attempt  was  made  to  increase  the  rate  of 
distiUation  in  order  to  reduce  to  a  minimum  the  furfural 
content  in  the  Uquid  remaining  in  the  digester.  Under 
the  conditions  employed,  it  was,  indeed,  possible  to  expel 
about  lialf  of  the  quantity  which  would  otherwise  have  re- 
mained in  the  discharge  liciuor.     This  advantage,  however, 


is  more  than  offset  by  the  lowered  concentration  of  the 
distillate,  the  added  steam  consumption,  and  the  increased 
time  of  operation. 

In  the  second  series  of  runs  (Table  II)  a  weak  solution  of 
furfural  instead  of  water  was  used  in  the  charge.  Its  furfural 
content  in  each  case  was  determined  by  analysis,  and  in 
calculating  the  yield  for  the  run  the  quantity  of  furfural 
added  with  the  charge  was  subtracted  from  the  total  furfural 
obtained.  The  data  from  these  runs  show  that  practically 
all  the  furfural  added  with  the  charge,  together  with  that 
produced  during  the  run,  can  be  recovered,  making  possible 
a  convenient  recovery  of  furfural  from  any  very  dilute  solu- 
tions formed  in  the  process. 


Fig.  2 — Furfural  Plant,  Showing  Column  Still  and  Digester 

At  this  stage  of  the  investigations  small-scale  laboratory 
experiments  showed  that  the  optimum  water-cob  ratio  was 
about  4:1.  With  a  digester  charge  of  500  to  600  pounds 
of  water  and  200  to  215  pounds  of  cobs,  the  water  to  cob 
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Drain  To  SrwcR 


-Unit  for  the   Steam   Digestion  of  Corn  Cobs 
Fig.  3 


ratio  of  4:1  is  reached  early  in  the  process.  Under  these 
conditions  the  resulting  jields  were  slightly  improved  (Table 
III).  Run  C-1  is  abnormal  because  of  the  long  time  of 
digestion.  Runs  C-2  and  C-3,  however,  with  normal  time 
conditions,  are  comparable  ■with  the  runs  in  Tables  I  and  II. 

In  order  to  obviate  as  far  as  possible  the  variation  of  the 
volume  of  liquid  in  the  apparatus  during  the  reaction  period, 
the  digester  and  steam  line  were  insulated  with  an  asbestos- 
magnesia  covering  and  hot  water  was  employed  for  charging. 
Runs  D-1  and  D-2  were  made  with  this  improvement,  which 
resulted  in  a  marked  decrease  in  steam  consumption,  but 
with  no  material  change  in  yield.  A  charge  of  700  to  750 
pounds  of  water  at  90°  C.  was  required  to  obtain  the  desired 
4;  1  ratio. 

From  the  standpoint  of  time,  yields,  and  steam  consump- 
tion, the  conditions  given  for  the  Experiments  D-1  and  D-2 
(Table  III)  may  be  considered  nearly  optimum  for  the  steam 
digestion  process.  The  time  of  digestion  is  2  hours.  The 
total  period  from  turning  on  the  steam  to  discharging  is 
145  to  150  minutes.  The  charging  operations  require  not 
more  than  15  to  20  minutes,  so  that  the  entire  cycle  may  be 
completed  in  less  than  3  hours.  The  yield  of  furfural  that 
may  be  isolated  is  slightly  over  6  per  cent  (6.36  X  95  per 
cent  =  6.04)  of  the  air-dry  weight  of  the  cobs. 

Effect  of  Iron  on  Furfural  Yield — The  jnelds  of 
furfural  of  around  6  per  cent  obtained  with  the  digester  are 
decidedly  lower  than  the  maximum  yield  of  nearly  9  per  cent 
obtained  in  the  laboratory  under  comparable  conditions  of 
time,  temperature,  and  water-cob  ratio. 

Since  the  laboratory  experiments  were  made  in  a  copper 
autoclave  while  the  digester  was  of  iron,  it  was  suspected 
that  the  difference  in  materials  might  have  some  effect  on 
the  results.  Accordicgly,  the  laboratory  experiments 
were  repeated  under  the  optimum  conditions.  Constant 
results  were  obtained  in  four  different  runs,  the  j'ield  being 
8.9  per  cent.  When  the  same  autoclave  was  provided  with 
a  sheet-iron  lining,  yields  varying  from  8.7  to  7.0  per  cent 
were  obtained.  The  highest  yields  were  observed  where 
the  iron  had  become  coated  with  a  dark  film  of  decomposition 
products  and  the  lowest  after  the  iron  had  been  thoroughly 
cleaned. 

From  these  laboratory  experiments  it  is  evident  that  the 
presence  of  iron  has  an  adverse  effect  on  the  yield  of  furfural 
by  the  steam  digestion  process  and  that  it  would  be  advisable 


to  employ  a  digester  Uued  with  tile  or  some  other  inert  mate- 
rial. 

Steasi  Consumption — The  steam  consumption  for  any 
run  may  be  readily  calculated  from  the  data  in  the  tables. 
Since  all  steam  introduced  into  the  digester  is  either  con- 
densed there  or  distilled  over,  the  amount  consumed  for  any 
particular  run  may  be  found  by  measuring  the  volume  of 
the  distillate  and  noting  the  increase  of  liquid  in  the  digester 
during  the  run.  Thus,  for  the  typical  case  (compare  Table 
III),  where  225  pounds  of  cobs  and  700  pounds  of  water  at 
90°  C.  were  employed,  the  quantity  of  distillate  would  be 
700  pounds  and  the  increa.se  100  pounds,  corresponding 
together  to  800  pounds  of  steam.'"  Assuming  that  the  tem- 
perature of  the  boiler  feed  water  was  70°  F.,  and  the  average 
gage  pressure  of  the  steam  145  pounds,  this  corresponds 
to  approximately  925,000  B.  t.  u. 

For  the  recovery  of  the  weak  furfural  solution  from  t"he 
drained  liquid  to  be  used  in  a  subsequent  charge,  about 
300  pounds  of  solution  must  be  distilled  from  the  800  pounds 
of  discharge  liquor.  Assuming  that  it  were  fed  to  a  single 
effect  evaporator  at  70°  F.,  about  325,000  B.  t.  u.  would  be 
required. 

For  the  production  of  furfural  in  the  form  of  a  2  per  cent 
solution  with  a  yield  of  about  13.5  poimds,  or  6  per  cent,  about 
1,250,000  B.  t.  u.  would  be  required,  or  95,000  B.  t.  u.  per 
pound  of  furfural.  This  is  assuming  that  water  used  for 
charging  the  digester  was  heated  \^^th  waste  steam  but  with 
no  other  saving  of  heat  in  the  process. 

Concentration  of  Dilute  Furfural  Solutions 

To  utihze  a  continuous  still  the  requirement  of  constant 
feed  composition  must  be  met.  Since  the  furfural  content 
of  the  digester  distUlate  varies  greatly  in  different  parts  of 
the  run,  it  would  not  be  feasible  to  use  the  uncondensed 
vapor  as  feed  for  the  column  still.  A  constant  composition 
feed  may  be  readily  obtained  by  using  the  mixed  condensed 
distillates.  This  procedure  was  adopted  in  the  experimental 
plant. 

Composition  of  Feed  Liquor — The  furfural  concentration 
of  the  feed  liquor  (digester  distillate)  has  averaged  2  to  3  per 
cent,  although  test  runs  with  the  colunui  still  have  been  made 
with  concentrations  varvdng  from  0.5  per  cent  to  over  7  per 

1°  The  6gures  for  steam  are  given  to  the  nearest  30  pounds,  which  _ 
represents  the  limit  of  accuracy  of  the  working  conditions 
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Tablb  III — Productic 

IN  OF  Furpurai,  Using  Optimum  Wateh-Cob 

Ratio 

Run 

Weight  op                 Time  for 

. Charge .             Heating            Time  of 

Cabs             Water           to  ISO"  C.      Digestion 
Lbs.              Lbs.                   Min.                Min. 

Time  of 

Blow-off 

(Pressure, 

135-5  Lbs.) 

Min. 

FURPURAL IN 

Weight  of Distillate — ■ 

Total         Concen- 
Distillate     tration          Weight 

Lbs.            Per  cent            Lbs. 

Discharge 

Liquor 

Lbs. 

Furfural 

in                Total 

Discharge      Furfural 

Liquor         Produced 

Lbs,               Lbs. 

Yield- 
Per  cent 

C-1 
C-2 
C-3 
D-1 
D-2 

200                 540                        10                      160 
215                 600                        20                      120 
200                550                      12                    120 
225                 700                        11                      120 
227                 750                          6                      120 

27 
26 
28 
20 
19 

1091               1.39               15   2 
887               1.47               13.0 
770               1,61               12   4 
731               1,69               12   3 
708               1.83               13,0 

1027 
1150 
972 
757 
852 

0  8               16,0 
14               14  4 

1.8  14,2 
2,0               14.3 

1.9  14.9 

8.00 
6,70 
7,10 
6,36 
6.56 

a  Based 

on  air-dry  weight  of  cobs. 

Table  IV — Operating  Data 

with  Experimental  Column 

Conditions; 

Feed  rate,  89  kg.  per  hour;  product  rate,  2.41  kg. 

per  hour;  steam  pressure,  25  lbs.  per  square  i 

inch;  tempera 

ture  of  feed,  25°  C. 

Weight 
Per  cent 

of 
Original 
Fraction                                                            Feed 

Concentrat: 
Fracti 

Furfural 

[ON  OF  Components  in  Each 
ON  (Weight  Per  cent) 

Organic  Acid 
(Calcd,  as 
Acetaldehyde               Acetic) 

Per  Cent  of  Original  Components  of 
Feed  Liquor  in  Each  Fraction 

Organic  Acid 
(Calcd,  as 
Furfural         Acetaldehyde               Acetic) 

Feed  liquor 
Heads 
Product  (cri 
Discharge"! 

100 

0,2 
ide  furfural)                                                    2.71 
181 

2.74 
28 
95.2 

0.052 

0.044                      0,65 

8,5                          0,14 

1,0                        0,23 

0 , 3.55 

100 
2,0 
94,1 
3,4 

100 
39 
61 

100 
0.04 
0.96 
99 

a  Disch 

arge  is  diluted  with  condensed  steam.      Ratio  of  v 

olume  discharge  to  volume  feed  liquor,  1.81  1. 

cent.  The  acetaldehyde  and  methanol  concentrations  were 
calculated  from  analyses  of  the  heads  and  crude  furfural 
portions.  All  the  acetaldehyde  formed  during  the  digestion 
process  does  not  appear  in  the  feed  liquor,  a  large  portion 
having  been  lost  by  evaporation.  The  following  represents 
the  amounts  of  constituents  other  than  water  present  in  the 
feed  liquor:" 

Per  cent 


Furfural 

2  to  3 

Acetaldehyde 

0,04  to  0,06 

Methanol 

0.02  to  0,04 

Organic  acid  (a 

s  acetic) 

0,6  to  1.0 

The  concentrations  of  acetaldehyde  and  of  methanol  are 
so  low  that  at  first  glance  it  would  seem  hardly  worth  while 
to  separate  the  heads  portion  from  the  crude  furfural,  and 
better  policy  to  take  all  the  vapors  together  from  the  top  of 
the  column.  Experience  in  distilling  furfural  solutions, 
however,  had  shown  that  both  the  upper  layer  in  the  decanter 
and  the  lower  crude  furfural  layer  contain  acetaldehyde. 
Its  presence  increases  the  mutual  solubility  of  water  and 
furfural,  and  when  the  upper  layer  is  returned  to  the  still 
the  acetaldehyde  concentration  increases  in  the  column 
until  it  finally  prevents  the  separation  of  a  furfural  layer  in 
the  distillate.  Hence,  in  order  to  obtain  continuous  decanta- 
tion,  the  larger  part  of  the  lower  boiling  impurities  must  be 
separated  from  the  furfural-water  vapors  in  the  still. 

Operating  Data  on  Column  Still — The  general  op- 
eration of  the  column  has  been  outlined  along  with  the  de- 
scription of  the  apparatus.  In  commencing  operation,  the 
feed  rate,  steam  pressure,  decanter  return,  and  dephlegmator 
cooling  water  must  be  carefully  regulated  for  a  half-hour 
or  more,  until  a  balanced  condition  has  been  obtained  in 
the  column.  After  that,  the  column  will  run  without  atten- 
tion, save  for  the  occasional  checking  of  steam  pressure  and 
other  controlling  factors. 

Table  IV  gives  the  operating  data  for  a  typical  run  with' 
the  column  still,  samples  and  readings  having  been  taken  at 
a  time  during  the  run  when  the  column  had  been  regulated 
to  obtain  nearly  optimum  working  conditions.  The  com- 
position of  the  feed  liquor  and  the  still  products  and  the 
distribution  of  the  original  components  among  the  various 
fractions  are  shown. 

More  than  94  per  cent  of  the  original  furfural  is  found  in 
the  "crude  furfural"  product,  and  only  3.4  per  cent  has  been 
lost  with  the  discharge  from  the  column.  The  difference 
between  the  sum  of  the  furfural  in  the  products  and  in  the 

"  The  distillate  obtained  in  previous  experiments  from  the  digestion 
of  corncobs  with  10  to  30  per  cent  sulfuric  acid  differed  in  composition  from 
this  in  containing  1  to  2  per  cent  of  acetic  acid  and  0,02  to  0,04  per  cent  of 
acetone,  with  no  acetaldehyde  present,  nor  any  appreciable  amount  of 
methanol. 


feed  (0.5  per  cent)  is  well  within  the  limit  of  accuracy  of  the 
feed  and  product  rate  measurements.  Approximately  99 
per  cent  of  the  original  organic  acid,  calculated  as  acetic,  is 
found  in  the  discharge  from  the  column. 

About  60  per  cent  of  the  acetaldehyde  of  the  feed  liquor 
is  found  in  the  crude  furfural  and  40  per  cent  in  the  heads. 
Better  operating  conilitioiis  in  the  upper  portion  of  the  column 
would  reduce  the  acetaldehyde  in  the  crude  furfural  product. 
The  methanol  was  not  determined  in  this  run,  but  in  another 
run  the  concentration  in  the  heads  was  over  8  per  cent,  with 
only  a  trace  present  in  the  crude  furfural. 

Capacity  of  Colu.mn  and  Loss  of  Furfural  in  Dis- 
charge— With  any  gi^■en  feed  rate  tiie  pressure  of  the  open 
steam  used  for  vaporizing  the  liciuid  in  the  column  must 
be  regulated  to  secure  a  minimum -loss  of  furfural  in  the  dis- 
charge liquor.  If  the  steam  pressure  is  too  low,  not  all  of 
the  furfural  is  removed  from  the  feed  liquor  in  the  exhausting 
column.  If  it  is  too  high,  the  vapors  from  the  plates  are 
diluted  with  steam,  with  the  result  that  the  furfural  compo- 
sition in  the  main  distillate  is  decreased.  With  the  feed 
entering  below  its  boiling  point,  as  in  the  experimental 
column,  a  stage  is  J-eached  when  the  feed  rate  and  steam 
pressure  are  increased,  at  which  the  combined  volumes  of 
feed  and  condensed  steam  exceed  the  capacity  of  the  over- 
flow pipes.  The  effect,  known  as  "priming,"  then  occurs, 
and  hmits  the  feed  rate  and  capacity  of  the  column. 

In  calculating  the  quantity  of  furfural  in  the  discharge, 
the  discharge  rate  may  be  readily  determined  from  the 
concentration  of  acetic  acid.  For  all  practical  purposes, 
since  99  per  cent  of  the  acetic  acid  in  the  feed  liquor  is  found 
in  the  discharge,  the  ratio  of  acetic  acid  concentration  in 
the  feed  to  that  in  the  discharge  is  the  reciprocal  of  the  ratio 
of  their  volumes  or  rate  of  flow. 

The  effect  of  variations  in  feed  rate  and  steam  pressure 
on  the  quantity  of  furfural  lost  in  the  discharge  is  illustrated 
in  Table  V.  Direct  comparison  can,  of  course,  be  made 
only  between  the  data  obtained  in  runs  with  approximately 
equal  concentrations  of  feed  liquor,  such  as  Runs  2  and  3, 
and  Runs  4  and  5.  It  has  been  possible  to  obtain  as  low  a 
furfural  loss  as  0.6  per  cent  in  the  discharge  with  a  medium 
feed  rate,  using  a  feed  liquor  containing  4  per  cent  of  furfural. 

The  maximum  feed  rate  before  priming  occurred  was  about 
90  kg.  per  hour,  giving  a  capacity  for  the  column  on  a  2  per 
cent  feed  of  1.8  kg.  of  crude  furfural  per  hour,  or  approxi- 
mately 4  pounds.  For  a  3  per  cent  feed  the  maximum  capac- 
ity is  nearly  6  pounds  of  crude  furfural  per  hour.  This  is 
calculated,  considermg  3  per  cent  of  original  furfural  lost 
in  the  discharge  and  2  per  cent  going  into  the  heads  portion. 
In  practice  a  rate  of  5  to  6  pounds  of  crude  furfural  per  hour 
was  often  obtained  over  a  period  of  several  hours. 
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Acetic  Acid 

Concentration 

Ratio  of 

Steam  Pressure 

Feed  Rate 

' ^-(Normality) ^ 

Discharge  to  Feed  Rate 

Feed 

Kg,/Hr. 

Feed  (.4) 

Discharge  (S) 

U/B) 

22 

67 

0.106 

0.053 

2.0 

2.30 

0.023                              2  0 

22 

75 

0.115 

0.064 

1.8 

2.77 

0.044                              2  0 

0.064 

1.8 

2.71 

20 

90 

0.140 

0.092 

1.5 

3.03 

0.331                             16  4 

0.140 

0.092 

1.5 

3.03 

O.IOS 

0.0.56 

1.9 

2.74 

0.060                              4  2 

0.152 

0.076 

2.0 

2.88 

0.039                              2.7 

Steam  Consumption — From  the  column  showing  ratio 
of  discharge  rate  to  feed  rate  (Table  V)  the  steam  consmnp- 
tion  may  be  readDy  figured.  A  ratio  of  1.8:1  to  2.0:1 
may  be  said  to  be  average  for  good  separation  under  the 
conditions  of  the  experimental  plant. 

Considering  the  typical  run  in  Table  lY  where  the  ratio 
is  1.8:1,  the  steam  consumed  is  81  pounds  per  100  pounds 
of  feed.  The  weight  of  crude  furfural  produced  is  2.71 
pounds,  or  approximately  30  pounds  of  steam  are  used  per 
poimd  of  crude  furfural.  The  temperature  of  the  entering 
feed  can  be  raised  nearly  to  its  boUing  point,  utihzing  the 
heat  contained  in  the  discharge  from  the  column.  lu  the 
experimental  plant,  however,  the  temperature  of  the  entering 
feed  was  25°  C.,  and  about  5  pomids  of  steam  were  consumed 
in  bringing  the  feed  to  its  boiling  point.  The  separation 
of  1  pound  of  crude  furfural  required  25  pounds  of  steam, 
which  is,  at  25  pounds  gage  pressure,  equivalent  to  about 
29,000  B.  t.  u. 


Fig.  4 — DiAGR.^ 
A   =   Exhausting  section 
B  =  Rectifying  section 
C  =  Main  vapor  pipe 
D  e=  Main  condenser 
E  =  Decanter 
F  =  Reflux  return  pipe 
G  =  Tester 
H  =  Crude  furfural  r 


OF  Continuous  Furfural  Still 
J  —   Dephlegmator 
K  =  Heads  vapor  pipe 
L  =  Heads  condenser 
M  =  Heads  receiving  tank 
R   =  Steam  pressure  regulator 
5  =  Discharge  pipe  to  sewer 
7"i.  Tz.  Ti  =  Thermometers 
'jng  tank       V  =  Vent 


The  reflux  in  the  experimental  still  was  partiallj-  provided 
by  condensation  of  the  vapors  on  the  sides  of  the  noninsulated 
column,  with  a  consequent  large  heat  loss  and  inefficient 
reflux  condition.     In  spite  of  this  adverse  condition,  the 


steam  consumption  necessary  to  separate  furfural  from  its 
dilute  solutions  is  very  low. 

Comparison  of  Experiment,4l  ■with  Theoretical 
CoLU.MN — The  continuous  column  used  was  necessarily 
e-xperimental  in  design.  Since  its  construction,  the  equations 
developed  by  Lewis'"  for  the  rectification  of  binary  mLxtures 
have  opened  up  new  possibilities  in  the  scientific  design  of 
column  stills.  The  Lewis  method  has  been  extended  to 
cover  the  conditions  of  rectification  with  continuous  de- 
cantation  and  its  appfication  to  the  separation  of  furfural 
and  water.''  A  comparieon  of  the  calculated  and  experi- 
mental data  shows  that  the  column  actually  used  is  not 
very  efficient  from  the  standpoint  of  capacity,  location  of 
feed  plate,  provisions  for  sufficient  reflux,  and  steam  consump- 
tion. However,  it  gives  an  efficient  separation  of  components 
with  a  reasonable  steam  consumption. 

By-products  ant)  Residues 

The  low-boiling  by-products  of  the  steam  digestion  process 
are  acetaldehyde  and  methanol.  The  jields,  based  on  the 
weight  of  cobs,  are  relatively  small — about  0.1  and  0.06  per 
cent,  respectively.  However,  the  quantity  of  each  product 
is  more  than  8  per  cent  of  the  heads  frOm  the  column  still, 
and  can  be  isolated  while  recovering  the  furfural  from  this 
portion. 

The  principal  by-product  of  the  process  is  the  organic 
acid  contained  in  the  discharge  liquor  from  the  column. 
Tills  acid  is  largely  acetic,  although  formic  acid  is  present 
in  small  quantities.  The  jdeld  of  acid  is  about  2  per  cent 
of  the  weight  of  cobs,  but  the  concentration  is  so  low  in  the 
discharge  liquor  as  to  preclude  its  economical  separation 
by  the  usual  methods.  A  modification  of  the  recent  French 
process  for  recovery  of  acetic  acid  in  manufacturing  tanning 
extracts,'^  where  the  dilute  acid  is  passed  in  vapor  form 
through  an  alkaline  solution,  might  well  be  appUed  in  this 
case.  This  j-ield  of  2  per  cent  represents  less  than  one-half 
of  the  total  organic  acid  produced  in  the  process.  The 
remainder  is  found  in  the  residual  liquor  from  the  digester. 

The  cellulosic  residue  from  the  process  retains  about 
four  parts  of  moisture  which  may  be  expelled  to  a  large 
extent  by  pressing.  For  this  operation  a  h\-draulic  press 
wiiich  dehvered  the  material  with  a  moisture  content  of 
about  60  per  cent  was  used. 

The  weight  of  the  dry  residue  from  225  pounds  of  cobs 
would  be  approximatelj-  140  pounds.  This  material  has  a 
B.  t.  u.  value  of  about  9000.  The  140  pounds  correspond, 
therefore,  to  l,260,0q0  B.  t.  u.  The  heat  value  of  the 
press  cake  would  be  decreased  by  an  amount  of  heat 
necessary  to  evaporate  about  200  pounds  of  moisture  and 
raise  the  steam  to  the  temperature  of  the  flue  gases,  leaving 
about  1,000,000  B.  t.  u.  for  steam  raising.  Pro%-ided  no 
serious  difficulties  were  encountered  in  burning,  the  residue 
might  furnish  a  substantial  part  of  the  heat  requirements 
for  the  digestion  process.  This  material  has  also  been  found 
suitable  for   certain  pressed  articles'^  used   as  substitutes 

'■  This  Journ.u,.  14,  492  (1922). 

'3  An  article  giving  the  details  of  this  extension  of   the    Lewis    method 
has  been  submitted  for  publication. 

"  Depasse.  Chtmie  b-  industrie,  7,  244.  458  (1922). 

»  Gruber  and  Bashioum,  U.  S.  Patent  1,427,378  (August  29,  1922). 


August,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


829 


for  wood,  wall  board,  etc.  By  treatment  with  caustic  soda 
solution  and  washing,  it  may  be  converted  into  a  wood-flour 
substitute. 

The  concentrated  discharge  liquor  from  which  the  free 
furfural  has  been  expelled  contains,  among  other  substances, 
all  the  potassium  originally  present  in  the  cobs.  As  the 
potassium  content  of  the  cobs  is  more  than  0.5  per  cent, 
under  favorable  conditions  recovery  might  be  profitable. 

Gener.\l 

The  plant  here  described  has  a  capacity  of  over  100  pounds 
of  furfural  per  24-hour  day,  if  run  on  a  continuous  basis. 
Its  features  are  capable  of  ready  enlargement  to  a  commercial 
scale.  The  type  of  digesting  equipment  employed  is  similar 
to  that  used  in  garbage  reduction  plants.  Large  capacity 
may  be  attained  by  increasing  the  size  and  number  of  units. 
A  continuous  column  still,  large  enough  to  handle  all  the 
furfural  produced  in  a  plant,  can  be  constructed,  although 
two  columns  would  be  preferable  in  a  very  large  plant. 

In  the  experimental  plant,  the  operations  were  performed 
by  two  chemists  and  a  helper.     A  plant  of  several  times 


the  size  could  be  operated  with  little  additional  labor.  The 
labor  item,  however,  will  be  the  main  factor  in  the  cost  of 
producing  furfural  except  with  very  large  installations. 

The  process  as  developed  is  simple  and  commercially  feasi- 
ble. Not  only  corncobs,  but  many  other  pentosan-containing 
vegetable  wastes,  such  as  oat  hulls,  rice  hulls,  bagasse,  etc., 
may  constitute  the  raw  material.  Some  of  these  products 
give  very  good  yields  of  furfural,  but  none  of  them  have 
proved  equal  to  corncobs. 
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Nonmetallic  Inclusions  in  Hypereutectoid  Steel 


By  E.  G.  Mahin  and  G.  B.  Wilson 

Purdue  University,  Laf.wettg,  Ind. 


Methods  already  outlined  in  earlier  papers  for  studying  solubility 
ejfects  upon  fcrrile  separation  were  applied  to  the  observation  of 
these  effects  upon  cementite  separation  in  hypereutectoid  steels. 
The  results  indicate  that  at  least  silicon,  phosphorus,  titanium, 
chromium,  nicl^el,  aluminium,  and  copper,  singly  or  conjointly, 
are  effective  in  causing  premature  cementite  separation  if  these 
elements  are  themselves  segregated  in  the  steel.  It  would  appear 
also  that  any  stresses  that  may  be  set  up  by  forcing  the  insert  into 
the  body  steel  under  pressure  can  have  no  effect  of  this  k.ind. 


The  undesirable  effects  of  nonmetallic  inclusions  cannot  be 
removed  by  thermal  treatment,  since  such  inclusions  furnish  an 
inexhaustible  supply  of  contaminating  material.  The  only  remedy 
seems  to  be  in  refining  the  processes  of  manufacture  of  steel  to  the 
highest  possible  degree,  so  that  steel  may  be  produced  which  has  a 
minimum  of  these  objectionable  bodies,  and  so  that  this  minimum 
of  material  may  be  as  finely  divided  and  as  widely  disseminated 
as  possible 


THE  influence  of  foreign  inclusions  of  a  nonmetallic 
character  upon  the  localization  of  ferrite  in  cooling 
hypoeutectoid  steel  has  received  much  attention 
from  various  investigators.  In  four  earlier  papers  from  this 
laboratory,-  this  influence  has  been  discussed  from  the  stand- 
point of  solubility  effects,  and  support  has  been  given  to 
the  view  that  not  only  is  total  insolubility  of  inclusions 
theoretically  impossible,  but  that  the  existing  slight  solubility 
of  such  bodies  is  an  important  factor  in  the  determination 
of  the  localization  of  ferrite. 

If  this  theory  is  correct,  a  similar  explanation  should  be 
indicated  for  the  localization  of  cementite  by  inclusions. 
We  are  here  dealing  with  the  opposite  branch  of  the  trans- 
formation curve,  in  a  system  in  wliich  cooling  austenite 
becomes  saturated  with  cementite  upon  entering  the  trans- 
formation range.  Similar  conditions  should  obtain  in  this 
case.  The  austenite  becomes  saturated  first  at  .A  cm.  Super- 
saturation  becomes  acute  upon  further  cooling,  and  it  is 
finally  relieved,  at  Avim,  by  local  rejection  of  the  solute. 
Normally  and  in  austenite  of  uniform  composition,  cementite 
might  be  expected  to  form  at  boundaries  and  cleavage  faces 
of  austenite  grains,  and  this  is  usually  the  case.  But  here, 
as  with  ferrite  in  hypoeutectoid  steels,  slight  differences  in 
carbon  content  and  in  cementite  solubility — the  latter  due 

1  Received  March  16,  1923.  Presented  before  the  Division  of  Industrial 
and  Engineering  Chemistry  at  the  65th  Meeting  of  the  American  Chemical 
Society.  New  Ha\>en,  Conn.,  April  2  to  7,  1923. 

2  This  Journai.,  11,  739  (1919);  12,  1090,  1095  (1920);  Chem.  Mel. 
Ens..  27,  9S0  (1922). 


to  localization  of  dissolved  impurities — may  have  an  in- 
fluence in  the  determination  of  the  locus  of  cementite  in 
network  formation. 

In  the  last  paper  cited  above-  it  was  pointed  out  that 
ferrite  segregation  from  these  causes  is  not  so  noticeable 
or  important  in  steels  of  only  slightly  hypoeutectoid  compo- 
sition, because  of  the  narrowness  of  the  transformation  range 
for  such  steels,  the  entire  movement  of  excess  ferrite,  across 
and  out  from  the  austenite  grain,  taking  place  in  a  compara- 
tively short  period  of  time.  A  similar  statement  applies 
to  hypereutectoid  steels,  and,  since  the  majority  of  commercial 
steels  of  this  character  contain  carbon  sufficient  to  form  only 
a  comparatively  thin  network,  and  rarely  isolated  grains 
except  where  cementite  has  coagulated,  it  follows  that  in 
most  cases  co-segregation  of  cementite  and  inclusions  is 
not  particularly  striking  or  important.  However,  there 
.seems  little  room  for  doubt  that  such  co-segregation  is  a 
fact.  Many  metaUographists  have  noted  this,^  and  a  careful 
examination  of  such  steels  will  usually  reveal  cases,  such  as 
those  illustrated  in  Fig.  1.  Here,  as  in  other  similar  steels, 
inclusions  are  found  to  be  either  directly  in  the  cementite 
network  or  at  an  appreciable  distance  from  it  and  well  within 
the  pearlite  grain.  That  is,  the  dii-ectional  influence  of  the 
inclusion  is  not  sufficiently  important  to  shift  the  locus  of 
the  envelope  of  cementite  through  any  considerable  distance, 
but  if  there  is  any  tendency  for  this  envelope  to  form  in  tiie 

3  Brueil,  J.  Iron  Sled  Inst.  (London),  74,  57  (1907);  Stead,  Ibid.,  91, 
140  (1915);  Levy,  Iron  Sled  Insl.  {London),  Carnegie  Schol.  Mem.,  3,  260 
(1911). 
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Fig.  1 — Inclusions  in  Cementite  Network.     X  250 


Fig    2 — Silicon  Steel  (below)  in  Hvpereute 
AT  000°.      X    100 


Body.  Two  Hours 


Fig.  3 — S.\me  .is  Fig.  2,  E-xcept  Sodium  Picrate  .Attack.      X  100 

immediate  vicinity  of  the  inclusion,  the  latter  will  be  found 
directly  in  the  envelope  itself.  There  are  relatively  few 
exceptions  to  this  rule,  but  this  is  a  matter  that  appears 
not  to  have  been  fully  appreciated  by  most  metalloaraphists 
who  have  discussed  the  question  of  inclusion  influence. 
The  occurrence  of  an  inclusion  in  the  body  of  a  pearlite 
grain  should  not  be  regarded  as  exceptional  unless  it  is  found 
near  the  edge  of  such  a  grain.  In  a  general  way  it  may  be 
said  that  the  center  of  the  austenite  grain  which  generated 
the  pearlite  grain  is  highest  in  carbon  in  hypo-,  and  lowest 
in  carbon  in  hypereutectoid  steels,  unless  these  have  been 
normalized.  The  disturbing  influence  of  the  inclusion  is 
then  opposed  by  the  natural  tendency  of  ferrite  or  cementite 
to  form  at  grain  boundaries,  and  it  is  only  when  the  inclusion 
is  somewhere  in  the  vicinity  of  such  boundary  that  its  in- 
fluence might  be  expected  to  give  anj-  striking  results. 

Procedure  , 

In  the  eflfort  to  determine  the  relative  importance  of 
solubility  effects  upon  cementite  segregation,  the  writers 
have  used  the  general  method  as  developed  in  their  laboratory 
for  studying  similar  effects  in  hypoeutectoid  steels.  The 
introduction  of  inclusions  of  the  general  nature  of  those 
naturally  occurring  in  commercial  steel  has  not  appeared  to  be 
feasible,  for  reasons  discussed  in  the  first  paper  of  this  series. 
Clean,  unoxidized  rods  of  alloys  and  special  steels  were  dri\^en 


Fig.   4 — Phosphor 


Steel  (below)    in  Hvpereutectoid  Bo 
Hours  at  900°.      X    100 


into  freshly  drilled  holes  of  hypereutectoid  steel.  The  com- 
posite specimen  was  then  heated  for  \'arying  periods  at  tem- 
peratures above  the  transformation  range  for  the  body  steel. 
After  furnace  cooling,  sections  were  polished  and  examined 
to  determine  the  character  of  contact.  They  were  then 
etched   and   reexamined. 

The  first  series  of  metals  used  as  inserts  consisted  of 
specially  made  steels.''  For  use  in  this  connection  these 
steels  possessed  the  disadvantage  that  they  were  hypoeutec- 
toid in  carbon  content  and,  in  consequence,  they  invariably 
absorbed  carbon  from  the  hypereutectoid  body  steel.  How- 
ever, the  thermal  treatments  were  continued  long  enough  to 
permit  more  carbon  to  move  into  the  zone  thus  impo^'erished, 
so  that  hypereutectoid  composition  was  maintained  in  this 
region.  Diffusion  of  the  excess  impurity  of  the  insert  into 
the  surrounding  metal  might  be  expected  to  occur,  as  usual. 

The  body  steel  for  these  experiments  contained  the  follow- 
ing percentages  of  the  respective  elements:  carbon,  1.2; 
manganese,  0.30;  phosphorus,  0.02;  sulfur,  0.03;  silicon, 
0.20.  In  the  illustrations  the  material  of  the  insert  occupies 
the  lower  portion  in  each  case. 

Results 

Effect  of  Silicon — The  etching  treatment  suitable  for 
revealing  the  structure  of  carbon  steel  does  not  definitely  etch 
the  4  per  cent  silicon  steel  used  here.     A  narrow  band  of  cemen- 

<  This  Journal.  12,  1090  (1920). 
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-Titanium   Steei.  (bei.ow)  in  Hypereutec 
Seventeen  Hours  at  900°.     X  100 


viel    (below)    in  Hvpereutect 
AT  900°.      X  250 


ID   Steel.    Eight  Hour 


;  Fig.  t).  E.xcept  Sodium  Picrate  At 


tite  almost  entirely  surrounds  the  insert,  lying  just  outside  the 
line  of  contact  (Fig.  2).  That  this  is  cementite,  and  not  ferrite 
formed  by  decarburization  by  the  hypoeutectoid  insert,  is  evident 
from  the  fact  that  the  cementite  network  of  the  body  steel 
makes  direct  connection  with  this  band.  Sodium  picrate 
confirms    this   conclusion   (Fig.    ,3). 

Effect  of  Phosphorus — A  1.06  per  cent  phosphorus  steel, 
heated  in  contact  with  the  body  steel  for  2  hours,  produced  re- 
sults similar  to  those  obtained  with  silicon  steel,  as  shown  in 
Fig.  4.  Here  again  the  bright  ring  joins  the  cementite  net- 
work, which  proves  its  hypereutectoid  character. 

Longer  heating  entirely  removes  this  effect  through  extensive 
dissemination  of  the  previously  localized  phosphorus.  After 
13  hours  of  heating  at  900°  to  1000°  C.  it  becomes  almost  im- 
possible to  find  the  line  of  contact  between  the  two  pieces. 
Carbon  distribution  has  become  uniform  and  there  is  now  no 
sharp  dividing  line  between  high  and  low-phosphorus  areas, 
so  that  cementite  separation  is  not  now  locally  affected. 

Effect  of  Titanium — Ordinary  thermal  treatment  of  a  com- 
posite specimen  containing  a  titanium  steel,  as  the  insert,  showed 
no  effect  of  the  latter  upon  cementite  separation.  After  heating 
for  17  hours  at  900°  to  1000°  C,  slight  cementite  localization 
was  noticeable  (Fig.  5).  This  lack  of  pronounced  effect  is 
therefore  apparently  due  to  the  slowness  with  which  titanium 
migrates    in    the    heated    steel. 

Effect  of  Chromium  and  Nickel — An  insert  of  chromel 
(an  alloy  of  chromium  and  nickel)  was  used.  Figs.  6  and  7, 
showing  the  heat-treated  specimen  as  etched  with  nitric  acid 
and  sodium  picrate,  respectively,  indicate  the  action  of  these 
two  metals,  when  used  together  in  these  proportions.  As  was 
noted  in  the  discussion  of  the  action  of  silicon,  the  cementite 
network  directly  joins  the  band  surrounding  the  insert. 


Fig.  8 — Alumel  (below)  in  Hypereutectoid  Steel. 
Thirteen  Hours  at  900°.      X  500 

Effect  op  Aluminium  and  Nickel — An  ins?rt  of  alumel, 
a  nickel-aluminium  alloy,  was  used.  Fig.  8  shows  a  broad 
band  of  unetched  material,  joining  the  cementite  p'ates  of  the 
pearlite  grains  as  well  as  the  network  without.  Sodium  picrate 
colors  the  carbide  plates  of  the  pearlite  grains  slightly  and  the 
network  more  deeply,  as  usual.  The  bright  border  material 
is  not  colored  appreciably  in  20  minutes  application  of  the  boil- 
ing picrate  solution,  the  red  line  of  the  cementite  network  running 
into  and  joining  this.  One  might  conclude  from  this  that  the 
broad,  bright  band  is  either  (a)  austenite,  retained  in  the  cooled 
system  through  the  action  of  nickel  in  retarding  the  transforma- 
tion, or  (6)  a  high  nickel  (and  aluminium)  solution  of  nickel  or 
nickel  carbide  in  cementite,  the  nickel  inhibiting  the  action  of  so- 
dium picrate.  The  first  assumption  is  rendered  unacceptable  by 
the  conclusion  that  if  austenite  has  remained  in  the  zone  immedi- 
ately adjacent  to  the  contact  line,  it  should  shade  into  martensite 
and  troostite  in  the  low-nickel  areas.  Instead  of  this,  the 
band  appears  to  be  continuous  with  carbide  plates  of  pearlite 
grains.  Hypothesis  (b)  has  therefore  been  provisionally  adopted. 
This  view  is  further  strengthened  by  the  fact  that  a  shorter 
thermal  treatment  gives  a  narrow  band  which  is  colored  by 
sodium  picrate,  as  shown  in  Fig.  9. 

Effect  of  Nickel  and  Copper — An  insert  of  constantan 
(copper,  53.4;  nickel  4,'i.O;  other  metals,  mostly  iron,  1.6)  was 
used  with  the  same  stock  hypereutectoid  steel.  The  thermal 
treatment  of  the  composite  specimen  gave  a  very  interesting 
result.  Apparently  on  account  of  the  unusual  ability  of  this 
alloy  to  absorb  carbon,  the  insert  has  exerted  a  pronounced 
decarburizing  effect  upon  the  body  piece.  The  movement  of 
carbon  into  the  insert  was  so  rapid  as  to  leave  a  wide  zone  of 
hypoeutectoid  steel  surrounding  the  insert.  At  the  same  time 
copper  and  nickel  may  be  assumed  to  have  diffused  into  the  body 
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steel,  causing  premature  ferrite  separation  as  usual,  so  that 
during  cooling  through  the  transformation  range  a  perfectly 
even  and  definite  ring  of  entirely  decarburized  iron-nickel- 
copper  alloy  is  produced,  outside  of  which  lies  a  still  wider,  but 
less  definite,  diminishing  zone  of  hypoeutectoid  steel.  Ap- 
parently, the  inner  band  of  carbonless  alloy  marks  the  limit  of 
advance  of  the  invading  nickel-copper,  while  the  ferrite-pearlite 
zone  lying  outside  this  is  the  result  only  of  carbon  absorption 
by  the  insert.     Still  farther  out  this  merges  with  a  zone  of  eutcc- 


Fic.  9 — Alumel  (below)  in  Hypereutectojd  Steel.      Seven  Hours  at 
900°  Sodium  Picrate  Attack.     X  250 

toid  steel  and,  surrounding  the  whole,  the  original  hypereutectoid 
body,  practically  unaffected  by  migration  of  either  carbon  or 
foreign  metal.  These  effects  are  illustrated  in  Fig.  10,  although 
the  outer,  high-carbon  zone  was  not  included  in  the  photomicro- 
graph from  which  this  figure  was  made. 

It  might  be  concluded  that  traces  of  surface  impurities 
may  have  had  something  to  do  with  both  ferrite  and  cementite 
segregation.  In  some  cases  a  slight  secondary  recession  of 
carbon  from  the  contact  line  in  both  directions  has  been 
noticed,  this  being  independent  of  the  more  definite  and 
pronounced  action  of  the  larger  impurity.  It  has  been 
only  in  those  cases  where  a  rather  definite  and  immistakable 
line  of  either  constituent  has  been  produced  that  the  ^NTiters 
ha\'e  felt  justified  in  attributing  the  action  to  the  foreign 
matter  artificially  introduced  as  an  essential  part  of  the 
insert  itself.  The  general  conclusion  as  to  solubility  effects 
is  strengthened  by  such  results  for  they  indicate  that  mere 
surface  "dirt,"  heated  in  contact  with  steel,  dissolves  in 
the  steel  to  an  extent  sufficient  to  cause  premature  trans- 
formation at  Ars  or  Arcm,  and  thus  segregation. 

Other  Experiments 

A  number  of  other  special  steels  and  alloys,  used  in  this 
way,  gave  no  definite  results.  Whether  this  was  due  to  the 
slowaiess  of  diffusion  of  the  foreign  element  or  to  the  absence 
of  any  effect  of  the  invading  element  upon  cementite  solu- 
bility, cannot  be  stated  at  present.     Work  is  still  in  progress. 

WhUe  the  use  of  alloys  in  this  manner  leaves  one  in  doubt 
as  to  which  element  of  the  alloy  is  most  active  in  promoting 
segregation  of  excess  solute  from  the  solid  solution,  the 
general  conclusion  as  to  the  qualitative  fact  is  not  affected. 
From  all  their  experiments  with  such  alloys  in  both  low  and 
high  carbon  steel,  the  writers  feel  warranted  in  stating  that 
alloys  are,  in  general,  more  active  than  single  metals  in  this 
respect. 

Effect  of  Strain 

On  account  of  the  fact  that  all  inserts  were  forced  into  the 
body  steels  (both  hypo-  and  hypereutectoid)  by  hammering, 
the  possibility  that  ferrite  or  cementite  segregation  may 


have  been  caused  partly  by  the  resulting  pressure  should 
be  considered.  Theoretical  considerations,  as  well  as  ex- 
perimental results,  lead  us  to  believe  that  such  pressure  had 
no  effect  of  this  kind.  The  separation  of  both  ferrite  and 
cementite  from  cooling  austenite  is  accompanied  by  pro- 
nounced dilatation.  The  effect  of  pressure  upon  the  system 
would  therefore  necessarily  be  to  hinder  or  retard,  rather 
than  to  aid,  the  separation  of  these  excess  solutes  in  the  zone 
about  the  insert.  In  order  to  make  a  practical  test  of  the 
question,  inserts  were  made  of  the  same  material  as  that  of 
the  body  and  the  composites  were  treated  in  the  way  already 
described  for  other  specimens.  In  some  of  these  cases  a 
slight  tendency  toward  such  separation  was  noticed,  but  in 
the  most  carefully  cleaned  pieces  it  was  extremely  difficult  to 
find  the  line  of  contact  between  insert  and  body  after  the 
licating,  the  pieces  being  perfectly  welded  together. 

It  may  be  observed  also,  in  this  connection,  that  the 
long  heating  that  was  applied  to  all  these  specimens  should 
have  given  ample  opportunity  for  all  internal  stresses  to 
1)0  relieved,  as  well  as  for  the  disappearance  of  all  essential 
differences  in  grain  size,  the  latter  possibly  being  due  to  the 
presence  of  a  narrow  ring  of  deformed  metal  in  contact  with 
tiie  insert.  That  these  differences  did  disappear  in  all  cases 
is   evident  from   an   inspection   of   the   photomicrographs. 

Conclusions 

The  logical  conclusion  from  all  this  work  appears  to  be 
that  in  any  class  of  steel,  excluding  the  one  special  case  of 
steel  of  eutectoid  composition,  segregation  of  any  dissolved 
constituent  will  have  an  effect  upon  carbon  distribution  in 
all  but  quenched  steel,  if  indeed  this  case  is  to  be  excepted. 
This  will  apply  to  the  ordinary  four  elements  occurring  in 
small  quantity  in  all  carbon  steel,  as  well  as  to  metallic  or 
nonmetallic  elements  intentionally  added  in  the  manufacture 
of  special  steels.     It  will  apply  also  to  those  sources  of  con- 


FiG.  10 — Hypereutectoid  Steel  with  Constantan  Insert  (below). 
Two  Hours  at  900°.      X  100 


stant  contamination  known  as  nonmetallic  inclusions,  and 
with  this  addition — that  while  ordinary  segregation  of 
totally  dissolved  elements  can  be  nearly  or  entirely  cured 
by  thermal  treatment  and,  to  some  extent,  by  forging,  no 
amount  of  either  forging  or  thermal  treatment  that  is  possible 
in  practice  will  serve  to  cure  the  evil  effects  of  the  non- 
metallic  inclusion,  since  the  relatively  large  amount  of 
material  so  concentrated  and  the  relatively  smaU  solubility 
of  this  material  in  the  solid  solution  surrounding  it,  make 
its  exhaustion  by  diffusion  a  practical  impossibility. 
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The  Spectrophotometric  Identification  of  Dyes' 

I — Acid  Dyes  of  the  Patent  Blue  Type 


Color    Labor 


By  "Walter  C.  Holmes 


3UREAU    OF    Cni'MISTRY,     W'.' 


BY  MEANS  of  the 
spectro-analytical 
methods  and  the 
spectroscopic  data  suppHed 
by  Formanek  and  Grand- 
mougin/  it  is  possible  to 
identify  with  comparative 
ease  and  moderate  certainty 
the  majority  of  dyes  which 
were  marketed  prior  to 
those  years.  Their  general 
scheme  of  spectroscopic 
identification  has  a  wide 
range  of  effectiveness,  af- 
fording, in  some  instances,  a 
satisfactory  differentiation 
between  dyes  which  may  hardly  be  identified  by  other  means. 

Although  the  general  value  of  their  methods  is  beyond 
question,  it  is  necessary  to  admit  that  they  do  not  invariably 
supply  a  satisfactory  means  of  distinguishing  between  closely 
related  dyes,  and  that  the  need  for  a  more  adequate  basis 
of  identification  is  becoming  more  evident  each  year  with 
the  increasing  multiplicity  of  such  products  upon  the  market. 
Justification  for  the  present  investigation  is  found  in  a  recog- 
nition of  that  necessity  and  in  a  belief  that  the  earlier 
investigators  in  the  field  have  neglected  to  make  full  util- 
ization of  certain  aspects  of  absorption,  either  through  a 
failure  to  realize  their  value  as  an  aid  in  identification  or 
because  suitable  instruments  for  their  quantitative  study 
were  not  available. 

In  the  analytical  scheme  of  Formanek  and  Grandmougin 
great  emphasis  is  placed  upon  the  diagnostic  value  of  precise 
determinations  of  the  spectral  locations  of  the  maxima  of 
the  absorption  bands  of  solutions  of  the  dyes  in  various  sol- 
vents, a  particular  wherein  exact  measurement  is  a  matter 
of  extreme  difficulty.  On  the  other  hand,  various  phe- 
nomena involving  modification  in  the  form  or  intensity  of  the 
absorption,  which  may  be  of  equal  or  more  important  signifi- 
cance, are  utilized  only  in  a  qualitative  and  incomplete 
degree  which  greatly  impairs  the  value  which  the  methods 
would  otherwise  possess.  The  failure  to  supply  a  quanti- 
tative record  of  such  modifications  in  absorption  is,  further- 
more, a  serious  defect  which  operates  to  limit  the  utility  of 
the  methods  in  the  hands  of  the  inexperienced  analyst. 

The  present  investigation  was  undertaken  as  a  test  of  the 
effectiveness  and  limitations  of  an  improved  scheme  of 
spectrophotometric  identification,  which,  it  was  believed, 
would  be  free  from  the  more  serious  of  these  objections. 
It  was  proposed  to  investigate  the  spectroscopic  behavior  of 
dyes  in  a  quantitative  maimer  by  means  of  the  spectrophotom- 
eter, with  the  expectation  that  it  would  be  possible  to 
obtain  a  series  of  spectroscopic  and  spectrophotometric 
constants  which  would  be  found  susceptible  of  correlation 
with  structural  differences  and  characteristics  of  the  indi- 

1  Received  March  1,  1923.  Presented  before  the  Division  of  Dye 
Chemistry  at  the  65th  Meeting  of  the  American  Chemical  Society,  New 
Haven.  Conn  ,  April  2  to  7.  1923. 

2  Contribution  No.  72  from  the  Color  Laboratory,  Bureau  of  Chem- 
istry,  Washington,    D.    C. 

^  "Untersuchung  und  Nachweis  organischer  Farbstoffe  auf  spektro- 
skopischem  Wege,"  published  in  final  form  in  190S,  1911,  and  1913. 


The  degree  in  which  the  intensity  of  the  absorption  of  solutions 
of  dyes  is  modified  by  variations  in  concentration,  solvent,  all^alinity, 
acidity,  and  other  conditions,  is  dependent  upon  the  degree  of  alter- 
ation of  the  dye  in  molecular  form  or  aggregation,  which,  in  tarn, 
is  conditioned  upon  constitutional  differences.  The  quantitative 
measurement  of  intensity  of  absorption  under  such  variation  in 
conditions,  accordingly,  affords  spectrophotometric  ratios,  or  con- 
stants, which  have  important  diagnostic  value  for  purposes  of  iden- 
tification. 

An  analytical  scheme  for  the  identification  of  acid  blues  of  the 
Patent  Blue  type  is  outlined,  in  which  such  spectrophotometric 
ratios  are  employed  to  supplement  the  spectroscopic  data  customarily 
obtained.  A  comprehensive  table  of  constants  for  the  identification 
of  the  dyes  in  question  is  supplied. 


\idual  dyes.  Such  con- 
stants would  afford  a  defi- 
nite mathematical  expres- 
sion of  the  essential  prop- 
erties of  the  dyes. 

The  Patent  Blues,  Xy- 
lene Blues,  and  Alphazu- 
rines  were  selected  as  com- 
prising a  group  of  dyes 
offering  such  difficulty  in 
identification  as  to  afford  a 
satisfactory  test  of  the  pro- 
posed scheme,  while  various 
other  acid  blues  of  similar 
general  type  were  included 


to  render  the  data  morecom- 
[jlete.  The  samples  examined  were  those  of  the  ordinal'}-  com- 
mercial product  as  supplied  to  the  textile  trades,  with  the  ex- 
ception of  one  sample  of  Alphazurine  A,  which  was  manufac- 
tured and  purified  with  gi-eat  care  and  was,  accordinglj^,  of  a 
liigher  grade  of  purity.  The  chemical  structure  of  the  pre-war 
products  may  be  ascertained  by  reference  to  the  "Farbstoffta- 
bellen"  of  Schultz.  Of  the  American  products  Pontacyl 
Brilliant  Blue  A  and  Alphazurine  FG  are  chemically  identical, 
respectively,  with  Xylene  Blue  AS  and  Erioglaucine  A; 
while  Alphazurine  A  and  Alphazurine  2  G  are  dyes,  resjjec- 
tively,  of  the  Blue  A  and  Blue  V  types,  in  the  manu- 
facture of  which  the  distinctive  intermediate  is  2,5-disulfo- 
benzaldehyde. 

A  Hilger  wave  length  spectrometer  equipped  with  a 
Nutting  photometer,  a  type  of  instrument  combining  good 
accuracy  with  great  convenience  in  operation,  was  employed. 
One-centimeter  cells  were  used  in  all  measurements  except 
those  carried  out  with  comparatively  concentrated  aqueous 
solutions.  Suitable  thin  cells  for  the  latter  solutions  are 
easily  constructed  by  cementing  to  a  microscope  slide  a  tliin 
sheet  of  mica  cut  in  the  form  indicated  in  the  accompanying 
diagram.  In  operation  a  thin  layer  of  petrolatum  is  applied 
to  the  free  surface  of 
the  mica,  a  second  slide 
placed  thereon,  and 
the  ceU  completed  by 
tightly  winding  the 
central  and  outer  por- 
tions with  rubber  bands.  The  subsequent  introduction  of 
the  solution  is  easily  effected.  In  the  case  of  cells  of  the 
thickness  employed  in  the  present  investigation  (0.0432 
cm.)  it  is  possible,  with  a  little  practice  in  manipulation, 
to  reduce  the  variation  in  thickness  of  the  solution  layer  to 
within  negligible  limits. 

Stock  solutions  of  the  dyes  were  prepared  by  dissolving 
0.25  gram  of  dye  in  250  cc.  of  distilled  water,  from  which 
all  the  solutions  required  were  obtained  by  appropriate 
dilution.  In  the  study  of  the  influence  of  alkalinity  it  was 
considered  advisable  to  defer  the  addition  of  the  alkali  until 
the  solution  had  been  diluted  to  nearly  its  final  volume,  and 
to  carry  out  the  measurements  immediately  after  the  com- 
pletion of  the  dilution.  With  the  alcoholic  solutions  the 
alcohol  content  was  made  approximately  91  per  cent  in  all 
instances,  although  it  was  found  that  an  appreciable  variation 
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in  that  respect  was  required  to  influence  the  measurements 
in  any  particular. 

The  general  procedure  followed  consisted  in  the  meas- 
urement of  the  absorption  of  the  dyes  throughout  the  visible 
spectrum,  with  such  variation  in  concentration,  solvent,  alka- 
linitj',  or  acidity  as  was  necessary  to  define  characteristic 
differences  in  behavior.     It  was  found,  however,  that  the 
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Curve  1  =  30  parts  Pontacyl  Brilliant  Blue  A  per  million  parts  92  per 
cent  alcohol  (1,002  cm.  layer) 

Curve  2  =  40  parts  Pontacyl  Brilliant  Blue  A  per  million  parts  water 
(1.002  cm.  layer) 

Curve  3    =    1000  parts  Pontacyl  Brilliant  Blue  A  per  million  parts  water 


(0.432  ( 


.  layer) 


complete  measurement  of  the  absorption  of  the  dyes  investi- 
gated afforded  relatively  little  of  essential  value  which  could 
not  be  obtained  merely  by  means  of  the  determination  of  the 
spectral  location  of  the  absorption  maxima  and  by  the  meas- 
ui'ement  of  the  magnitude  of  the  absorption  at  that  point. 

Influence  of  Concentr.\tion  and  Solvent 

The  general  character  and  degree  of  modification  of  the 
absorption  of  the  group  of  dyes  under  investigation  with 
change  in  concentration  of  aqueous  solution  and  with  change 
from  aqueous  to  organic  solvent,  is  illustrated  by  the  ab- 
sorption curves  for  Pontacyl  Brilliant  Blue  A  recorded  in 
Fig.  1.  With  change  of  concentration  of  aqueous  solutions 
there  occurs  no  decided  alteration  in  the  form  of  the 
curve.  It  is  evident,  however,  that  the  dye  does  not  con- 
form to  Beer's  law*  over  the  range  iu  concentration  em- 
ployed, but  that  with  increasing  dilution  there  is  an  increase 
in  the  relative  magnitude  of  the  absorption,  as  measured  by 
the  intensity  of  absorption  at  the  maximum.  It  is  further 
evident  that  this  phenomenon  is  accompanied  by  two  types 
of  minor  modification  in  the  form  of  the  curve.  With  in- 
creasing dilution  there  occurs  a  sjinmetrical  narrowing  of 
the  curve  in  proportion  to  its  height,  wliile  an  unsymmetrical 
development  or  "hump,"  which  may  be  observed  in  concen- 


trated solutions  in  the  region  of  600  m/j,  disappears  in  large 
measure.  The  maximum  intensity  of  absorption — in  pro- 
portion to  dye  present — is  found  in  the  alcoholic  solution, 
the  curve  of  which  shows  no  indication  of  a  hump  and  is 
narrower  and  steeper  than  the  curves  of  aqueous  solutions. 

It  is  believed  by  the  writer  that  the  symmetrical  broaden- 
ing of  the  absorption  curves  which  occurs  in  passing  from 
alcoholic  to  aqueous  solution  and  becomes  more  pronounced 
with  increasmg  conceiitration  in  the  latter,  may  be  accepted 
as  evidence  of  an  increasing  degree  of  molecular  association 
of  the  dye,  while  the  local  hump  at  about  GOOmm  is  unques- 
tionably an  incipient  modification  of  the  general  type  which 
has  been  previously  reported  by  the  WTiter,^  and  which  is 
held  by  him  to  connote  radical  intramolecular  rearrange- 
ment. The  degree  of  decrease  in  relative  magnitude  of 
absorption  in  passage  from  alcoholic  to  dilute  aqueous  solu- 
tion, and  from  the  latter  to  concentrated  aqueous  solution, 
constitutes  a  measure  of  the  degree  in  which  the  phenomena 
referred  to  take  place. 

The  data  which  were  obtained  with  change  of  concentra- 
tion and  of  solvent,  and  which  would  appear  to  be  of  service 
for  the  purposes  in  view,  are  given  in  the  following  table  of 
constants  (p.  cS36).  The  values  recorded  in  Columns  1  to  5 
are  the  following: 

1 — The  approximate  spectral  location  (in  millimicrons)  of 
the  absorption  maximum  in  aqueous  solution. 

2 — The  same  value  for  alcoholic  solutions  of  approximately 
91  per  cent  alcoholic  content. 

3 — The  ratio  of  the  magnitude  of  absorption  at  the  maximum  in 
concentrated  aqueous  solution  to  that  in  dilute  aqueous  solution. 

4 — The  ratio  of  the  magnitude  of  absorption  at  the  maximum 
in  dilute  aqueous  solution  to  that  in  dilute  alcoholic  solution, 

&^The  ratio  of  the  magnitude  of  absorption  at  the  maximum  in 
concentrated  aqueous  solution  to  that  in  dilute  alcoholic  solution. 

The  term  "dilute  solution"  is  applied  to  solutions  of  such 
strength  as  will  confine  their  absorption  within  the  limits 
wherein  accurate  measurement  is  possible  when  examined 
with  the  spectrophotometer  in  1-cm.  layers.  The  con- 
centrated aqueous  solutions  contained  twenty-five  times 
as  much  dye  as  the  corresponding  dilute  solutions.  (The 
employment  of  still  more  concentrated  solutions  was  con- 
sidered inadvisable  because  of  the  serious  effect  which  even 
minute  variations  in  the  thickness  of  layer  would  have  upon 
the  accuracy  of  measurements  ui  the  extremelj'  thin  cells 
which  would  be  required.) 

It  was  not  attempted  to  define  the  location  of  the  ab- 
sorption maxima  with  great  accuracy.  It  is  necessary  to 
recognize  that  commercial  dyes  are  not  pure  products  and 
that  minor  variation  in  absorption  may  be  expected  between 
the  output  of  different  manufacturers.  There  is,  further- 
more, a  defuiite  limitation  to  the  degree  of  precision  with 
which  it  is  possible  to  locate  the  maxima  of  absorption  bands, 
and  the  results  obtained  by  different  investigators  will  be 
affected  by  the  instrument  employed  and  by  variations  in 
technic.  In  the  case  of  the  dyes  employed  in  the  present 
investigation,  there  will  be  found  to  be  an  average  discrep- 
ancy of  approximately  two  millimicrons  between  the  locations 
of  absorption  maxima  supplied  by  Formanek  and  Grand- 
mougin'  and  those  supplied  by  MuUikei;,"  although  the 
same  methods  of  examination  and  type  of  instrument  were 
utilized  in  their  determination. 

The  \alues  recorded  in  the  table  for  the  locations  of  the 
absorption  maxima  are  to  be  considered,  accordingly,  as 
approximations  from  which  a  minor  degree  of  divergence 
is  without  significance.    It  will  be  seen  that  they  have  slight 

s  "The  Influence  of  Variation  in  Concentration  on  the  Absorption 
Spectra  of  Solutions  of  Dyes."  Presented  before  the  Division  of  Dye 
Chemistry  at  the  64th  Meeting  of  the  American  Chemical  Society,  Pitts- 
burgh, Pa..  September  4  to  8,  1922. 

6  "Identification  of  Pure  Organic  Compounds,"  Vol    III.  1910. 
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value  in  differentiating  between  the  first  six  color  types 
listed,  which  comprise  the  group  of  dyes  under  more  im- 
mediate consideration.  The  resort  to  other  solvents  is 
without  decided  utility  with  these  dyes,  and  in  general 
merely  results  in  a  shift  in  absorption  which  is  of  about  the 
same  magnitude  in  all  instances.  Alphazurine  FG  and 
Cyanole  E.xtra,  among  the  dyes  of  secondary  interest  in  the 
present  investigation,  constitute  exceptions  to  this  rule, 
liaving  their  maxima  only  slightly  displaced  by  a  change 
from  aqueous  to  alcoholic  solution. 

The  various  absorption  ratios  recorded  are  also  of  slight 
value  in  distinguishing  between  the  individual  members  of 
the  group  studied,  although  there  is  reason  to  believe  that 
similar  ratios  would  prove  of  important  service  in  that  re- 
spect with  certain  other  groups  of  dyea.  However,  they 
afford  a  decisive  differentiation  between  the  two  general 
types  of  amino  substitution  involved,  clearly  distinguishing 
the  di-alkyl  derivatives  from  the  alkyl-benzyl  derivatives. 
They  will  also  prove  of  value  in  distinguishing  the  dyes  under 
investigation  as  a  cla^s  from  other  blues  of  different  consti- 
tutional tjqjes. 

Influence    of   Alkalinity 

The  dyes  of  the  group  investigated  undergo  two  types  of 
modification  in  absorption  under  the  influence  of  alkalies. 
With  certain  individual  dyes  an  appreciable  displacement 
of  the  absorption  band  occurs,  while  alterations  in  intensity 
of  absorption  take  place,  in  generd,  which  are  depenilent 
upon  the  nature  and  concentration  of  the  alkali  and  may 
require  a  considerable  period  of  time  for  completion.  The 
immediate  effect  of  the  presence  of  0.1  per  cent  of  sodium 
hydroxide  may  be  that  of  increasing  or  of  decreasing  the 
magnitude  of  the  absorjjtion,  depending  upon  the  dye  con- 
cerned, W'hUe  that  effect  is  followed  by  a  gradual  decrease 
in  absorption,  of  which  the  rate  and  extent  also  vary  wth 
the  individual  dyes. 

Since  the  displacement  of  the  absorption  is  always  en- 
countered with  those  dyes  which  contain  a  hydroxyl  group 
and  is  not  observed  with  other  dyes,  it  may  clearly  be  at- 
tributed to  a  reaction  of  that  group  with  the  alkali.  The 
nature  of  the  gradual  decrease  in  absorption  which  is  observed 
in  the  alkaline  solutions  of  all  the  dyes  studied,  appears  to 
be  complex.  It  seems  probable  that  a  progressive  and  ex- 
tensive process  of  association  of  solute  molecules  accompanies 
the  conversion  of  the  dye  into  carbinol  form  and  contributes 
to  the  loss  in  absorption  observed. 

The  data  included  in  the  table  of  constants  were  obtained 
with  solutions  containing  0.1  per  cent  of  sodium  hydroxide. 
The  values  recorded  are  as  follows: 

6 — The  approximate  spectral  location  of  the  absorption 
maximum. 

7 — The  ratio  of  the  magnitude  of  the  absorption  of  the  freshly 
prepared  alkahne  solution  to  that  of  a  neutral  solution  of  corre- 
sponding dye  content. 

8 — The  same  ratio  after  the  alkaline  solution  has  stood  20  hours. 

9 — The  same  ratio  after  the  alkaline  solution  has  stood  5  days. 

The  appreciable  displacement  of  the  absorption  maxima 
of  alkaline  solutions  of  Patent  Blue  A,  Patent  Blue  V,  and 
Cyanole  Extra  has  decisive  ^'alue  for  the  identification  of 
those  dyes. 

The  immediate  effect  of  alkalinity  upon  the  magnitude  of 
the  absorption  is  of  no  considerable  practical  importance. 
On  the  other  hand,  it  will  be  seen  that  the  stability  of  ab-- 
sorption  under  alkaline  conditions  is  intimately  related  to 
constitutional  differences  in  the  dyes  and  influenced,  to  an 
appreciable  extent,  not  only  by  the  two  general  types  of 
substitution  within  the  amino  group,  but  also  by  the  three 
general  types  of  substitution  v/ithin  the  nonaminated  nucleus. 
The  constants  obtained,  accordingly,  are  characteristic  in 


a  considerable  measure  of  the  individual  dyes.  The  differ- 
entiation between  Alphazurine  2G  and  Xyleiie  Blue  VS 
which  they  render  possible  is  of  particular  utility  in  view  of 
the  close  similarity  of  behavior  of  those  dyes  under  the 
influence  of  other  agents. 

Influence  op  Acidity 

The  effect  of  the  presence  of  acids  upon  the  absorption  of 
the  dyes  investigated  is  illustrated  by  the  curves  recorded 
for  Pontacyl  Brilliant  Blue  A  in  Fig.  2.  To  the  eye,  the 
color  of  solutions  of  the  dyes  passes  with  increasing  acidity 
from  blue  through  green  to  yellow.  The  spectroscope 
re\-cals  the  fact  that  a  yellow  compound  with  absorption  in 
the  violet  portion  of  the  spectrum  is  progressively  formed 
at  the  expense  of  the  original  blue  compound  and  renders 
it  possible  to  follow  the  transition  in  a  quantitative  manner. 
The  determination  of  the  magnitude  of  residual  absorption  of 
the  original  blue  dye  affords  a  measure  of  the  degree  of  transi- 
tion under  any  definite  condition  of  acidity.  It  is  generally 
held  that  the  alteration  in  color  under  discussion  is  conse- 
quent upon  the  direct  addition  of  acid  to  the  amino  nitrogen 
atoms,  the  valency  of  which  increases  from  three  to  five. 

The  values  listed  in  the  table  of  constants  are  ratios  of  the 
residual  absorption  of  the  dyes  under  various  degrees  of 
acidity  to  the  absorption  of  neutral  solutions  of  a  correspond- 
ing d\'e  content.  The  acid  conditions  for  which  the  constants 
were  obtained  were  as  follows: 

10 — Two  per  cent  sulfuric  acid  (95  per  cent). 
11 — One  per  cent  sulfuric  acid  (95  per  cent). 
12 — One-tenth  per  cent  sulfuric  acid  (95  per  cent). 
13 — Two  per  cent  acetic  acid  (99.5  per  cent). 
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(I)                     (2)  (.31  (4)  (5)            (6)  (7)  (8)               (9)  (10)  (11)  (12)  (13) 
Sampue                              mm                   mm                                                            mm 

Patent  Blue  A 637.5  630(+)  0,742  0.878  0.650  627.5  1.120  1.003           0.574  0.293  0.470  0.760  0.999 

Patent  Blue  A  (Berlin) 637.5  631  0.772  0.889  0.671  627.5  1.106  1.003           0.561  0  298  0  474  0.727  0.957 

Patent  Blue  A  (H) 637.5  630  0.774  0.823  0.637  627.5  1.175  1.060           0.608  0.313  0.449  0.722  0.992 

Patent  Blue  A,  Average 637.5  630C  +  )  0.763  0.857  0.653  627.5  1.137  1.022           0.581  0  301  0.484  0.736  0.966 

Neptune  Blue  BG  (B) 637.5  630  0.995  0.931  0.926  628.8  1.048  1.043           0,867  Trace  >0.01  0.046  0.471 

Patent  Blue  Superfine  (H) 637.5  630  0,973  0,931  0,918  627.5  1.028  0.997           0.874  Trace  >0.01  0.040  0.429 

Patent  Blue  N  (H) 637.5  630  0.992  0.910  0.902  628.8  1.033  0,999           0,854  Trace  >0,01  0,042  0,428 

Patent  Blue  V  (H) 637.5  630  0.959  0.892  0,892  627,5  1.170  1.014           0  815  Trace  >0.01  0.049  0.446 

Patent  Blue  V.  Average 637.5  630  0.980  0.925  0.910  627. 5(  +  )      1.093  1.013           0.853  Trace  >0.01  0.044  0.444 

Alphazurine    A    (Nat.)    Textile 

Dye 637. 5(-)      630  0.763  0.9H  0.697  637. 5(-)      0.984  0.508  >0.01  0  252  0.430  0.754  0.983 

AlphazurineA  (Nat.)  Special  Dye  637.5  630  0.781  0,880  0.690  637.5  0.999  0.516  >0  01  0.234  0.424  0.720  0  973 

Alphazurine  A  (Nat),  Average  637. 5(-)      630  0.772  0.896  0.694  637. 5(-)      0.982  0.512  >0.01  0.243  0.427  0.737  0.978 

Pontacyl  Brilliant  Blue  A  (duP)  637.5  630  0.787  0.839  0.664  637.5  0.960  0.516  >0.01  0  312  0.495  0.768  0.989 

Xylene  Blue  AS  (S) 637.5  630  0.789  0,832  0.657  637.5  0.937  0.558  >0.01  0,317  0.495  0.789  0.979 

Xylene  Blue  AS,  Average 637.5  630  0.788  0,836  0.660  637.5  0.949  0.537  >0.01  0.315  0.495  0.779  0.984 

Xylene  Blue  VS  (S) 640  632.5  0  973  0.918  0.900  640  0.993  0.819           0.208  Trace  >0.01  0.041  0.445 

Alphazurine  2G  (Nat.) 640  631.3  0,958  0.939  0.892  6.38  8  0.988  0.858           0  337  Trace  >0.01  0.039  0,399 

Alphazurine  FG  (Nat.) 630  628.8  0.807  0.984  0.801  630  0.970  0.587  >0.01  0.369  0.526  0.733  0.929 

Cyanole  Extra  (C) 612.5  611.3  0.951  0.834  0.792  606.3  0.980  0.766           0.340  0.01  0.070  0.291  0.873 

New  Patent  Blue  B  (By) ■,  .  625  617.5  0  909  0  932  0.846  625  0,976  0.640  24.1  0.068  0.141  0.435  0.884 

New  Patent  Blue  4B  (By) 615  608.8  0  969  0.841  0.816  615  0,963  0,626  11.1  0.059  0.147        .458  0.854 

The  stability  of  the  dyes  to  acid  conditions  is  also  closely  tagc  in  confirming  the  preliminary  verdict  and  eliminating 

related  to  structural  differences.    The  influence  of  the  type  the  possibility  of  error. 

of  substitution  at  the  amino  nitrogen  is  extremely  well  de-         Although  it  is  held  by  the  WTiter  that  the  scheme  of  identi- 

fined.     Although  the  effect  of  variation  in  the  type  of  non-  fication  outlined  has  been  shown  to  be  effective  and  may  be 

aminated   nuclear   structure   is   relatively   very   much   less  accepted  for  application  with  the  dyes  investigated  without 

clearly  evident,  the  extremes  of  acidity  employed  develop  reser^-ation  in  any  essential  respect,  it  is  considered  advis- 

sufficient  differences  to  indicate  a  definite  relationship.     In  able  to  qualify  the  recommendation  of  its  adoption  in  certain 

the  instances  of  Alphazurine  A  and  Xylene  Blue  AS,  the  effect  minor  respects. 

of  2  per  cent  of  sulfuric  acid  is  sufficiently  distinctive  to  afford  The  variation  in  commercial  dyes  is  such  that  the  deter- 

a  means  of  decisive  differentiation  which  is  the  more  valuable  mination  of  exact  and  unvarying  constants  of  any  character 

because  the  dyes  in  question  exhibit  but  slight  dissimilarity  for  a  given  color  type  is  not  possible.     It  would  be  necessary 

in  general  behavior.  for  that  reason  alone  to  recommend  that  identification  be 

In  Table  I  all  the  constants  obtained  are  recorded.     All  based  upon  substantial  agreement  in  respect  to  all  signif- 

values  are  averages  of  two  or  more  series  of  determinations  icant  factors,  making  allowance  for  a  moderate  degree  of 

in  which  a  substantial  agreement  in  results  was  obtained.  variation  in  indi\'idual  values. 

This  table  constitutes  a  chart  wherein  various  significant  It  was  further  noted,  in  the  course  of  the  present  investi- 
characteristics  in  the  behavior  of  the  indi^ddual  dyes,  which  gation,  that  minor  discrepancies  occurred  in  duplicate  ab- 
clearl}-  originate  in  structural  differences,  have  been  recorded  sorption  measurements  in  neutral  solvents,  which  are  ap- 
in  definite  spectrophotometric  terms.  Any  of  the  constants  parently  to  be  attributed  to  variations  in  hydrogen-ion  con- 
utilized  may  be  obtained  with  relative  ease  and  substantial  centration,  while  evidence  was  obtained  that  variation  in 
accuracy  by  means  of  any  modern  type  of  spectrophotom-  temperature  may  have  an  appreciable  influence  upon  the 
eter,  while  the  fact  that  the  majority  of  them  are  ratios  stability  of  absorption  under  alkaline  conditions.  It  is 
serves  to  render  the  reliability  with  which  they  may  be  de-  recognized,  accordingly,  that  it  would  be  desirable  to  modify 
termined  independent,  in  large  measure,  of  differences  in  the  procedure  to  the  extent  of  making  provision  for  a  regula- 
the  type  of  instrument  employed  and  in  the  technic  and  skill  tion  of  those  factors,  and  that  that  course  might  render  it 
of  the  observer.  necessary  to  revise  certain  of  the  constants  which  have  been 

The  various  constants  recorded  do  not  possess  equal  obtained  under  less  defiiiite  conditions.  Pending  such  re- 
diagnostic  value,  and  it  will  be  unnecessary  to  carry  out  the  vision  of  technic  and  of  constants,  it  may  be  ad\dsable  for 
entire  series  of  measurements  in  order  to  arrive  at  a  compara-  the  analyst  to  verify  the  agreement  of  the  sample  under 
tively  positive  identification.  The  mere  determination  of  investigation  with  the  color  type  to  which  he  has  assigned 
the  location  of  the  absorption  maximum  in  aqueous  solution  it  by  means  of  parallel  determinations  of  values  with  a  sample 
will  be  sufficient  to  distinguish  the  members  of  the  series  of  of  the  latter  of  known  identity  if  it  is  available.  It  is  be- 
the  fii'st  six  color  types  listed  from  the  dyes  of  similar  general  lieved,  however,  that  the  differences  upon  which  identifica- 
type  included  in  the  tables.  For  the  purpose  of  differentiat-  tion  has  been  based  are  so  considerable,  and  that  the  in- 
ing  between  the  first  six  color  types,  it  is  recommended  that  fluence  of  any  probable  variation  in  working  conditions  upon 
the  next  step  be  that  of  the  determination  of  the  relative  any  of  the  constants  which  are  essential  to  the  scheme  of 
magnitude  of  absorption  in  neutral  solution  and  in  the  pres-  identification  will  be  so  slight,  that  the  methods  outlined 
ence  of  2  per  cent  of  sulfuric  acid.  The  value  obtained  will  and  the  data  supplied  ■nill  serve  to  render  possible  the  certain 
not  only  serve  to  indicate  unmistakably  the  character  of  identification  of  any  of  the  dyes  investigated,  even  by  an 
the  substitution  in  the  amino  group,  but  will  further  suffice  analyst  who  may  not  have  access  to  samples  of  known  iden- 
to  distinguish  between  Alphazurine  A  and  the  remaining  tity  for  purposes  of  direct  comparison, 
dyes  of  similar  constitution  as  regards  the  nonaminated  The  general  principles  of  identification  employed  in  the 
nuclei.  The  determination  of  the' location  of  the  absorption  present  investigation  may  be  expected  to  be  found  suscep- 
maximum  in  alkaline  solution  will  then  definitely  establisli  tible  of  extensive  application.  Other  types  of  dyes  wliich 
the  presence  or  absence  of  the  Patent  Blue  type  of  non-  offer  difficulties  in  identification  will  be  investigated  along 
aminated  nucleus.  It  may  then  remain  necessary  to  dis-  similar  lines  as  opportunity  is  afforded, 
tinguish  between  Xylene  Blue  ^'S  and  Alphazurine  2G.  . 
The  absorption  of  the  dye  in  2  per  cent  acetic  acid  will  afford 

immediate   evidence  of  value  which  should,   however,   be  Acknowledgment  is  due  to  E.  I.  du  Pont  de  Nemours  & 

corroborated  by  the  determination  of  the  degree  of  stability  Company  for  samples  of  Pontacjd  Brilliant  Blue  A  and  of 

to  alkaline  conditions.     The  determination  of  further   con-  various  pre-war  dyes,  and  to  the  National  Aniline  &  Chemical 

stants  may  be  considered  unnecessary,  but  will  be  of  advan-  Company  for  samples  of  the  Alphazurines. 
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The  Use  of  Dyes  as  Temperature  Indicators' 

By  Paul  A.  Kober 

Edison  Lamp  Works,  General  Electric  Co.,  Harrison,  N.  J. 


IN  MANY  industries 
baking  or  heating  consti- 
tutes an  important  part 
of  manufacturing  processes. 
These  are  necessary  to  bring 
about  some  desired  physical 
or  chemical  change,  and  in 
most  cases  it  is  essential 
that    the  amount  of  heat 

applied  comes  within  certain  fixed  limits,  since  quality 
and  production  are  dependent  upon  it.  The  amount  of  heat 
applied  is  usually  determined  by  the  time  of  heating  and 
temperature,  the  latter  being  indicated  by  the  more  common 
methods  of  pyrometry.  In  many  cases,  however,  the 
methods  used  do  not  indicate  the  actual  temperature  condi- 
tions sought,  and  where  a  large  production  is  involved  are 
often  costly  both  as  to  loss  of  time  and  material. 

A  method  recently  developed  for  this  purpose,  based  on  the 
decomposition  of  an  organic  dye,  has  proved  to  be  a  very  re- 
liable and  efficient  heat  indicator.  The  absence  or  presence 
of  the  color  on  or  in  the  heated  product  to  which  it  is  applied 
determines  accurately  whether  or  not  the  product  has  re- 
ceived a  definite  amount  of  heat.  Some  of  the  essential 
considerations  in  the  use  of  dyes  as  heat  indicators  and  a  few 
of  its  applications  will  form  the  basis  of  this  paper. 

Temperature  Indicator  Requirements  of  Dyhs 

In  order  that  a  dye  may  act  as  a  heat  indicator,  it  is  nec- 
essary that  when  heated  it  break  down  readily  into  gases 
and  leave  no  appreciable  residue  behind.  Most  dyes  on 
heating  do  not  possess  this  characteristic.  Usually  they 
decompose  to  some  extent  into  other  solid  substances  and  then 
cUsappear  only  after  a  high  temperature  has  been  applied, 
thus  carbonizing  the  dye  with  subsequent  oxidation.  There 
are,  however,  a  considerable  number  of  dyes  wliich  act  as 
very  good  indicators  when  subjected  to  heat.  These  break 
doMTi  easily  with  the  complete  disappearance  of  the  color. 
Dyes  which  change  on  heating  through  many  shades  vnil  ob- 
viously not  act  as  good  indicators.  Colors  such  as  blue, 
green,  and  red,  when  applied  to  various  substances,  act  as  the 
best  indicators,  while  colors  like  yellow  and  brown  show  in- 
sufficient color  changes.  Dyes  that  break  down  readily  on 
heating  are  not  confined  to  any  particular  chemical  group. 
Most  of  those  found,  however,  are  identified  with  the  tri- 
phenylmethane  group  of  coloring  matters. 

The  disappearance  of  a  dye,  or  its  complete  decomposition 
into  gases,  is  a  function  of  the  time  of  heating  as  well  as  of  the 
temperature.  Unlike  a  melting  point  salt,  which  indicates  a 
definite  temperature  regarcUess  of  the  time  element,  a  dye  will 
completely  disappear  at  various  time  intervals  and  tempera- 
tures. Aside  from  these  two  factors  the  disappearance  of  a 
dye  is  also  a  function  of  the  amount  of  dye  applied  to  the  sub- 
stance. The  heat  which  causes  a  dj'e  to  break  down  is  con- 
veyed to  the  dye  by  both  convection  and  conduction  of  the 
material  to  wliich  it  is  applied.  For  aU  practical  purposes  it 
maj-  be  safely  assumed  that  when  the  dye  disappears  the  part 
to  which  it  is  applied  has  absorbed  a  definite  amount  of  heat. 
It  will  be  apparent  that  a  dye  cannot  indicate  any  particular 
temperature,  but  acts  only  as  an  indicator  of  the  amount  of 
heat  apphed  to  the  part  measured. 

Dyes  which  act  as  indicators  differ  in  temperature  and  time 

1  Received  February  15,  1923. 


A  brief  outline  is  given  of  a  reliable  and  efficient  method  for 
checking  temperatures  in  heating  processes.  The  disappearance  of 
or  the  change  in  color  indicates  that  the  part  to  which  the  color  has 
been  applied  has  actually  received  a  definite  amount  of  heat. 

The  method  provides  a  simple  and  inexpensive  means  for  tempera- 
ture checks  on  an  entire  factory  production.  Its  application  in  a  few 
cases  is  given. 


interval  of  disappearance, 
all  other  factors  being  con- 
stant. In  the  accompany- 
ing figure  curves  are  given 
of  indicators  showing  the 
relation  between  tempera- 
ture and  time  of  disappear- 
ance. These  values  were 
obtained  by  inserting  glass 
rods,  on  which  a  thin  coating  of  the  dye  was  applied,  into  an 
oven  held  at  constant  temperature,  and  noting  the  time  when 
the  color  had  entirely  disappeared.  The  curves  show  only  the 
approximate  relative  values  of  the  different  dyes.  The  time 
of  disappearance  for  the  higher  temperatures  may  vary  in 
any  particular  test  according  to  the  mass  and  heat  capacity 
of  the  substance  on  which  the  color  is  applied.  It  will  be 
noted  from  accompanying  curves  that  all  the  dyes  function 
about  the, same,  the  curves  being  parabolic.  The  indica- 
tors represented  in  Fig.  1,  with  their  relative  time  of  disap- 
pearance when  subjected  to  constant  oven  temperatures, 
are  given  in  the  following  table : 


Approximate  Time  of 

Temperature  of  Dye 

Disappearance 

De 

signaled  by 

at  350°  C.          at  375°  C. 

Melting  Point  Salt 

Dye 

Min.                     Min. 

"C. 

Malachite  green 

Vs                         'A 

220 

Methyl  violet 

«A                         »A 

250 

Chemco  red 

1                       'A 

280 

Chemco  blue 

I'A                   1-A 

310 

C.  P.  196  (red) 

4>A                         2V. 

370 

Erythrosin 

60                            6>A 

390 

Aside  from  showing  the  relations  of  the  various  dyes  by 
curves,  they  may  also  be  designated  by  some  specific  tempera- 
ture. This  may  be  done  by  comparing  a  dye  with  a  melting 
point  salt  wliich  just  melts  when  a  certain  dye  just  disappears 
under  the  same  conditions.  The  dye  may  then  be  designated 
by  the  melting  point  of  the  salt.  The  temperatures  given  in 
last  column  of  the  table  are  so  designated. 
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Fig.   1 

Appeication  of  Dyes  as  Indicators 
In  the  application  of  dyes  as  heat  indicators  three  methods 
may  be  employed  depending  on  the  conditions  of  heating: 

(a)  Applying  a  thin  film  or  coating  by  means  of  a  standard 
solution  to  the  part  to  be  heated. 

(i)  Mixing  a  standard  solution  of  a  suitable  dye  to  compounds 
or  mixtures  to  be  baked. 

(c)  Applying  the  proper  dye  on  a  test  plate,  which,  with  the  prod- 
uct to  be  measured,  is  subjected  to  the  same  heating  conditions. 
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To  obtain  consistent  results  it  is  necessary  to  make  up 
standard  solutions  whose  purity  and  tinctorial  power  are 
known.  Absolute  alcohol  (either  ethyl  or  methyl)  has  been 
found  best  as  a  solvent.  The  presence  of  water  will  cause 
some  dyes  to  hydrolyze  and  others  to  combine  with  one 
another,  thus  destroying  their  temperature-indicating 
properties.  Ail  dye  solutions  should  be  filtered  before  using 
to  eliminate  solid  matters  and  gums.  The  concentration 
of  the  dye  solution  will  depend  on  whether  it  is  to  be  added 
to  a  mixture,  as  in  a  cement,  or  applied  to  some  surface. 
In  the  former  case  the  concentration  will  determine  to  some 
extent  the  time  of  disappearance,  while  in  the  latter  the 
varying  concentration  which  is  likely  to  be  applied  to  any 
surface  will  not  appreciably  vary  the  time  of  disappearance. 
It  is,  however,  desirable  for  surface  use  to  make  the  concentra- 
tion as  low  as  possible,  yet  high  enough  to  gi\-e  sufficient 
tinctorial  power.  Where  an  excess  amount  of  dye  is  applied 
to  any  surface  there  is  a  tendency  for  a  slight  smudge  to  remain. 

Double  Indicators 

In  order  to  indicate  in  heating  processes  whether  the  heat 
applied  has  passed  a  maximum  as  well  as  a  minimum  tem- 
perature limit,  two  suitable  indicators  would  ordinarily  be 
necessary.  To  avoid  the  application  of  two  different  dyes,  an 
indicator  was  developed  indicating  both  the  minimum  and 
maximum  temperature  limits.  It  was  found  that  Wo  dye.s — 
for  example,  a  red  and  blue  forming  a  violet — can  be  dissolved 
in  absolute  alcohol  without  combining  chemically.  When 
such  a  solution  with  the  right  proportions  of  the  components 
is  applied  to  the  part  to  be  heated,  the  lower  temperature  dye 
will  disappear  at  its  own  particular  temperature  and  time 
interval,  thus  changing  sharply  the  violet  mixture  to  either 
a  red  or  blue,  depending  on  which  is  the  lower  component 
dye.  In  other  words,  the  higher  component  dye  is  left  on 
the  material.     If  the  time  interval  and  temperature  are  then 


increased  to  a  point  corresponding  to  the  higher  comix)nent 
dye,  it  will  also  disappear.  This  "double  indicator"  in  a  single 
solution,  then,  will  enable  one  to  tell  by  inspection  whether 
the  heat  applied  was  below,  within  the  limits  set,  or  above  the 
maximum  limit. 

The  following  dyes  when  mixed  in  right  projwrtion.s  will 
act  as  good  double  indicators:  (a)  Chemco  blue-Chemco 
red,  (6)  C.  P.  196-malachite  green,  (c)  malachite  green- 
rubine  red,  (d)  erythrosin-neptune  blue. 

ApPLK  ATIONS 

(1)  In  many  heating  processes  where  a  definite  amount  of 
heat  must  be  applied  during  a  certain  time  inter\-al,  the  use 
of  a  dye  as  a  heat  indicator  will  be  found  efficient.  To  deter- 
mine whether  the  heat  applied  was  within  the  proper  limits, 
the  disappearance  or  change  of  color  is  noted. 

(2)  A  very  important  use,  and  one  to  which  a  dye  is  admira- 
bly adapted,  is  that  of  determining  the  heat  distribution  of 
any  material  to  which  it  is  applied.  The  heat  distribution  is 
noted  by  the  distribution  of  the  remaining  color  or  the  order 
in  which  the  color  disappears. 

(3)  For  glass  aimealing  a  suitable  dye  is  applied  to  the  part 
to  be  measured,  or  on  a  test  plate  which  is  subjected  to  the 
same  heat  conditions.  The  dye  chosen  is  one  that  will  just 
disappear  or  change  to  another  color. 

(4)  In  baking  cements  or  mixtures  which  require  a  definite 
amount  of  heat,  the  proper  indicator  may  be  mixed  in  the 
compound,  the  amount  used  being  determined  by  tests.  The 
disappearance  of  the  color  in  the  compound  wUl  indicate  that 
sufficient  heat  has  been  supplied. 

(5)  StUl  another  use  of  dyes  is  an  indicator  of  overheating 
wloich  any  electrical  instrument  or  part  may  receive.  An 
inspection  of  the  part  coated  with  the  proper  dye  will  im- 
mediately indicate  whether  it  has  been  overheated  by  the 
presence  or  absence  of  the  color. 


A  Modified  Test  for  Phthalates 

With  Particular  Reference  to  the  Detection  of 
Diethj'lphthalate' 

By  R.  E.  Andrew 

Connecticut  .\GRrcLii.TuRAL  Experiment  Station.  New  Haven,  Conn. 

THE  use  of  diethylphthalate  as  a  denaturant  for 
industrial  alcohol  to  be  used  in  the  manufacture  of 
toilet  preparations  has  brought  about  the  necessity 
of  reliable  tests  for  its  detection,  either  in  the  manufactured 
preparations  or  in  products  which  may  have  been  illegally 
derived  therefrom. 

Several  tests  have  been  described''  in  which  heating  with 
resorcin  is  recommended,  the  final  results  being  the  develop- 
ment of  green  or  yellow-green  fluorescence  if  the  test  is 
positive. 

In  the  author's  experience  the  criticism  of  all  these  tests 
is  that  satisfactory  blanks  camiot  be  obtained;  the  reagents 
alone  may  develop  fluorescence  of  such  a  color  and  intensity 
as  to  make  conclusions  with  regard  to  an  unknown  sample 
doubtful.  In  a  series  of  trials  in  which  reduced  periods  of 
heating  the  acid-resorcin  mixture  were  tried,  it  appeared 
that  the  difficulty  arose  at   this  stage   in  the  process.     It 

'  Received  February  27,  1923.  Presented  before  the  Division  of 
Agricultural  and  Food  Chemistry  at  the  6.5th  Meeting  of  the  -American 
Chemical  Society,  New  Haven,  Conn.,  April  2  to  7,  1923. 

-  Mulliken,  "Detection  of  Pure  Organic  Compounds,"  Vol.  I.  p.  107; 
Allen,  "Commercial  Organic  Analyses,"  Vol.  III.  p.  .")46;  Lyons,  J.  Am. 
Phann.  Assoc.  11  (1922),  262;  Handy  and  Hoyt.  Ibid.,  11  (1922),  928. 


was  found  that  no  heat  other  than  that  developed  on  neutral- 
izing the  alkaline  mixture  with  sulfuric  acid  was  necessarj- 
or  advisable.     The  modified  test  is  as  follows: 

Method 

To  10  cc.  of  the  solution  to  be  tested  in  a  small  porcelain 
capsule  add  5  drops  of  a  10  per  cent  sodium  hydroxide  solu- 
tion. Evaporate  over  a  steam  bath  to  dryness  and  then 
add  0..5  cc.  of  a  5  per  cent  resorcin  solution  and  again  evap- 
orate to  dryness.  Remove  from  the  steam  bath  and  at  once 
add  6  drops  of  concentrated  sulfuric  acid  and  mix  thoroughly 
by  rotating  the  capsule.  When  cool  add  10  cc.  of  water 
and  transfer  to  a  test  tube,  rinsing  the  capsule  with  10  cc. 
of  water.  Add  5  cc.  of  a  10  per  cent  sodium  hydroxide 
solution.  A  green  fluorescence  will  at  once  appear  if  the  test 
is  positive,  the  color  of  the  fluorescence  varying  from  green 
to  yellow-green,  according  to  the  amount  of  phthalate  i)resent. 

Alcohol  of  known  purity  gave  a  negative  test — i.  e.,  no 
fluorescence.  Ten  cubic  centimeters  of  pure  alcohol  to  whicli 
had  been  added  0.1  cc.  of  a  1 :  500  solution  of  diethylphthalate 
(0.0002  gram)  gave  an  unmistakable  fluorescence.  Positive 
tests  were  also  obtained  when  small  amounts — i.  e.,  0.0010 
to  0.0020  gram — of  this  denaturant  were  added  to  gin  and 
whiskey,  the  procedure  as  outlined  being  applied  directly  to 
these  substances  without  previous  distillation.  In  the  pres- 
ence of  considerable  amounts  of  extractive  material  it  was 
found  best  to  (1)  extract  the  diethylphthalate  with  petroleum 
ether,  evaporate  the  solvent  at  room  temperature,  take  up 
the  residue  with  alcohol  and  apply  the  test,  (2)  distil  rapidly 
and  apply  the  test  to  the  distillate. 
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Work 


QUANTITATIVE 
data  on  the  mutual 
precipitation  of  gel- 
atin and  tannin  are  of  time- 
ly value  in  the  proper  ma- 
nipulation of  the  gelatin  test 
for  tannin,  so  important  in 
the  leather  industry,  of  the 
tannin  test  for  proteins,. of 
interest  to  the  biochemists, 
and  also  to  aid  in  the  eluci- 
<lation  of  the  question  con- 
cerning the  nature  of  the 
combination  between  these 
substances  of  great  chem- 
ical complexity. 

Previous 

Seguin''*  is  credited  with  the  discovery  of  the  precipitation  of 
gelatin  by  those  vegetable  extractives  which  have  the  power  of 
tanning  skin,  although  Seymour-Jones-  claims  that  in  1762 
Lewis  found  that  galls  contained  an  astringent  substance  which 
would  precipitate  gelatin  from  solution.  Proust-^  attempted 
to  show  that  the  gelatin-precipitating  property  was  identical 
with  the  ability  to  tan  skins,  and  a  year  later  Humphrey  Davy' 
pointed  out  that  (1)  different  vegetable  tannins  required  different 
amounts  of  gelatin  for  saturation,  (2)  the  composition  of  the 
coagulum,  which  in  the  average  was  100  gelatin  to  82. .5  tannic 
acid,  depended  upon  the  concentrations  of  gelatin  and  tannin 
used,  and  (.3)  the  coagulum  was  soluble  in  an  excess  of  gelatin. 

Following  Davy,  a  number  of  investigators,*  all  criticizing 
tach  other,  suggested  composition  ratios  of  the  coagulum  varying 
from  .59  to  1.36  parts  of  tannin  acid  to  100  parts  of  gelatin. 

Graeger'  suggested  the  quantitative  use  of  the  reaction  for 
<letermination  of  the  purity  and  amount  of  gelatin  in  a  given 
solution,  and  Fthling'  devised  a  method  whereby  tannin  could 
l)e  determined  by  titration  with  a  gelatin  solution.  These 
quantitative  methods  were  based,  of  course,  upon  an  accepted 
combining  ratio  which  pleased  the  inventor  of  the  method,  but 
which  unfortunately  never  agreed  with  that  found  by  others. 

The  importance  of  the  presence  of  electrolyte  for  sharp  coagu- 
lation was  first  noted  by  Risler-Beurat,"  who  recommended 
the  addition  of  alum,  and  this  innovation  was  demonstrated 
by  Schneider'  to  be  an  improvement  in  the  quantitative  deter- 
mination of  tannin.  Later,  Schultz'"  recommended  saturation 
with  ammonium  chloride,  finding  this  salt  more  efficient  than 
cither  sodium  sulfate,  acetate,  or  borate. 

Later  workers  offered  evidence  for  and  against  the  quanti- 
tative value  of  the  tannin-gelatin  reaction."  Lowenthal's'- 
method,  based  on  the  titration  of  excess  tannin  by  perman- 
ganate in  the  filtrate  after  mutual  gelatin-tannin  precipitation 
in  the  presence  of  sodium  chloride  and  hydrochloric  or  sulfuric 
acid,  won  the  approval  of  Procter"  and  Kathcriner,"  although 
later  Simand"  claimed  the  addition  of  acid  to  be  a  .source  of 
error,  since  "gelatin  tannate"  was  dissolved  thereby.  Jean" 
proposed  the  addition  of  sodium  bicarbonate  and  sodium  chloride, 
while  Dreaper  and  Wilson"  demonstrated  that  the  amount 
of  acid  or  alkali  is  of  deep  significance,  since  an  excess  of 
either  results  in  dissolution  of  the  coagulum  or  prevention  of 
formation  of  any  precipitate  whatsoever.  Wood"  showed  that 
borax  and  ammonium  oxalate  inhibited  the  reaction  and  that 
the  lower  the  ash  content  of  the  gelatin,  the  less  tannin  is  pre- 
cipitated by  it,  which  merely  means  that  a  certain  amount  and 
kind  of  neutral  electrolyte  is  essential  for  best  results. 

Trunkel"  found  that  while  the  coagulum  is  peptized  by  an 
excess  of  gelatin,  excess  of  tannin  has  no  effect,  and  that  under 
conditions  of  complete  mutual  precipitation,   the  coagulum  is 


The  Gelatin -Tannin  Reaction' 

By  Arthur  W.  Thomas  and  Alexander  Frieden 

Coi.l'MBI.\    irNIVERSITY,   NEW  YORK,  N.   Y. 

Gelatin  is  completely  precipitated  by  gallotannic  acid  when  the 
ratio  of  tannin  to  gelatin  is  not  less  than  2:1  and  the  gelatin-tannin 
precipitate  is  not  soluble  in  excess  of  tannic  acid. 

There  is  a  definite  hydrogen-ion  concentration  for  each  sort  of 
vegetable  tannin  for  best  precipitation.  If  the  solution  is  not  ad- 
justed to  or  near  this  Ci]  +  .  the  precipitate  may  fail  to  form. 

The  presence  of  a  neutral  electrolyte  broadens  the  Cji  +  range  for 
precipitation. 

At  the  optimum  Cu  ^  tannin  can  be  detected  in  dilutions  as  high 
as  I  part  tannin  in  100.000  to  200.000  parts  of  water,  depending 
upon  the  source  of  the  tannin. 

Aging  of  gelatin  solutions  has  no  effect  on  the  sensitivity  in  testing 
for  tannin  provided  bacterial  action  is  prevented. 


absolutely  insoluble  in  water, 
although  completely  soluble 
in  alcohol  provided  it  is 
treated  with  alcohol  before 
it  has  had  a  chance  to  dry! 
He  also  demonstrated  that 
the  combining  capacity  of 
gelatin  is  a  function  of  its 
purity  and  claimed  that  aged 
gelatin  solutions  were  not  so 
efficient  as  freshly  prepared 
ones. 

Perusal  of  this  mass  of 
e.xperimental  contradictions 
shows  that  one  or  more 
controlling  conditions  were 
not  known  by  the  earlier 
workers.  One  condition  that  was  not  controlled  and  which 
may  account  for  the  wide  discrepancies  is  the  hj^drogen- 
ion  concentration,  which  has  been  demonstrated  b}'  mod- 
ern research  to  be  of  paramount  importance  in  an)^  reac- 
tion in  which  protein  plays  a  role.  The  first  to  take 
this  into  consideration  were  Michaelis  and  Davidsohn,^" 
to  whom  we  shall  refer  later. 

Purpo.se  of  Present  Work 

The  purpose  of  this  investigation  is  to  show  the  best  ratio 
of  tannin  to  gelatin  and  the  optimum  hydrogen-ion  con- 
centration for  the  mutual  precipitation  of  gelatin  and  tannin, 
and  to  demonstrate  the  delicacy  of  the  test,  under  proper 
conditions,  for  tannin  in  solutions  of  various  important 
vegetable  taiuiing  materials. 

M.\xiMUM  Mutual  Precipit.vtion 

tlallotannic  acid  containing  11.6  per  cent  water  and  0.07 
jier  cent  ash  and  gelatin  containing  16.6  per  cent  water  and 
1.16  per  cent  ash  were  used,  except  for  the  experiments 
recorded  in  Tables  I  and  II,  where  an  edible  gelatin  was  used. 


Ratio  of 
Tannin  to 
Gelatin 

Volume  of 

Precipitate 

Cc. 

Table  I 

Appearance  of  Super- 
natant Liquid 

Test  of  Supernatant 

Liquid  for 

Gelatin     Tannin 

20 
10 
8 
6 
4 

1 

0.4 
0.9 
0.9 
1.4 
1.5 
2  5 
1.8 

Clear,  yellow 
Clear,  yellow 
Clear,  yellow 
Clear,  slight  yellow 
Clear,  slight  yellow 
Clear,  colorless 
Milky 

-^ 
-i- 
-1- 
-f- 
-t- 

—  Almost  — 

+ 

'  Presented  before  the  Division  of  Leather  Chemistry  at  the  64th 
Meeting  of  the  American  Chemical  Society.  Pittsburgh,  Pa.,  September 
4  to  8,  1922.  Contribution  No.  41.1  from  the  Chemical  Laboratories. 
Columbia  University. 

•  Numbers  in  the  text  refer  to  the  bibliography  at  the  end  of  the  article. 


The  method  used  for  determining  the  maximum  mutual 
precipitation  of  gelatin  and  tannin  was  as  follows:  The 
required  amount  of  tannin  solution  was  allowed  to  run  into 
a  100-cc.  graduated  tube  witii  a  long,  tapering  end  graduated 
to  0.01  cc.  (oil  tube).  The  gelatin  solution  was  then  added, 
and  the  mixture  shaken  and  centrifuged  for  M)  minutes  at 
a  force  of  1000  "times  gravity." 

The  volume  of  the  precipitate  at  the  bottom  of  the  tube 
gave  an  indication  of  the  maximum  precipitation,  though 
it  is  to  be  noted  that  the  comparison  of  the  volumes  of  pre- 
cipitate was  not  always  extremely  ex,act,  owing  to  imperfect 
packing.  The  appearance  of  the  supernatant  solution  in 
the  tube  and  the  presence  or  absence  of  gelatin  and  tannin 
therein  were  additional  aids  in  determining  the  maximum 
mutual  precipitation. 

The  solutions  used  in  these  experiments  were  made  up  so 
that  the  total  reacting  mixture  contained  1  gram  in  100  cc. 
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of  solution.  The  proportions  of  gelatin  and  tannin  were 
varied,  at  the  same  time  varying  the  hydrogen-ion  concen- 
tration in  order  to  get  the  approximate  limits  for  the  optimum. 

The  results  obtained  at  a  reaction  of  Ch+  =  lO"^-"  are 
shown  in  Table  I.f 

The  ratios  noted  above  were  tried  at  Ch+  =  lO"'^,  lO"* 
and  10~*.  At  — logCH+  =  2,  dense  turbidities  formed  at  all 
ratios,  but  did  not  settle  out  even  upon  centrifuging.     At 

—  log  Ch+  =  6,  slight  turbidities  were  obtained,  whereas  at 

—  log  Ch+  =  8,  no  effect  was  obtained,  the  solutions  re- 
maining clear. 

These  results  show  that  the  best  ratio  of  gelatin  and  tannin 
is  1:2,  and  unless  otherwise  stated  this  ratio  was  adhered 
to  in  subsequent  experiments. 

Solutions  were  prepared  at  various  Ch+'s  between  10~^-^ 
and  10~'-^  where  the  total  concentration  of  gelatin  and 
tannin  was  1,  0.1,  and  0.02  per  cent,  all  of  which  showed 
that  the  optimum  reaction  lay  between  the  limits  of  —log 
Ch+  =  4  to  5. 

The  more  exact  determination  of  the  optimum  reaction, 
where  the  total  concentration  of  gelatin  and  tannin  was  0.1 
])er  cent,  is  shown  in  Table  II. 


Table  II 

Appearance  of  Supernatant 

Volume  of  Precipitat 

LogCj 

t                     Solution 

Cc. 

3.9 

Opalescent 

0 

4.1 

Opalescent 

0.20 

4.2 

Clear 

0.35 

4.3 

Clear 

0.35 

4.4 

Clear 

0.40 

4.5 

Opalescent 

0.25 

4.6 

Opalescent 

0 

4.7 

Milky 

0 

4.9 

Opalescence 

0 

5.1 

-Slight  opalescence 

0 

All  these  supernatant  solutions  gave  precipitates  on  addi- 
tion of  gelatin  to  the  supernatant  solution,  the  minimum, 
however,  being  obtained  with  the  solution  at  Ch+  =  lO"*-''. 

From  these  results,  it  is  concluded  that  the  optimum  Ch+ 
for  the  mutual  precipitation  of  gelatin  and  gallotannic  acid 
is  10"^  ■'•■'.  A  1  per  cent  solution  of  tannin  was  treated  with 
a  0.1  per  cent  solution  of  gelatin  at  various  Ch+'s,  as  in  Table 
II.  The  results  obtained  show  that  the  optimum  Ch+  re- 
mains about  the  same. 


Table  III 

Appearance  of  Supernatant 

Volume  of  Precipitate 

og  C„  + 

Solution 

Cc. 

3.9 

Clear,  yellowish 

0.90       . 

4.1 

Clear,  yellowish 

1.10 

4.3 

Clear,  yellowish 

1.15 

4.5 

Clear,  yellowish 

1.20 

4.7 

Cloudy 

0.90 

4.9 

Milky 

0.80 

5.1 

Opalescent 

0 

5.3 

SUghtly  opalescent 

0 

Michaelis  and  Davidsohn-"  report  the  optimum  reaction 
to  vary  between  Ch+  =  10"^'  and  10~*'  depending  upon 
the  ratios  of  tannin  to  gelatin  and  the  masses  of  the  same  in 
the  solution.  One  reason  for  the  discrepancy  between  their 
findings  and  those  of  the  authors  is  the  fact  that  in  a  number 
of  the  very  meager  experiments  made  by  them  there  was  an 
excess  of  gelatin. 

In  anticipation  of  a  possible  criticism  of  the  restriction 
of  the  data  to  one  given  sample  of  gelatin,  it  was  deemed 
advisable  to  try  other  specimens  of  gelatin.  In  Tables  I 
and  II  an  edible  gelatin  of  unknown  history  was  used.  DupU- 
cating  the  mutual  precipitations  over  a  range  of  Ch+  of  10"^-° 
to  lO"'-',  using  two  different  brands  of  gelatin,  showed 
about  the  same  results  at  each  Ch+,  except  that  the  greatest 
precipitation  of  tannin  occurred  at  Ch+  =  lO"^-''  for  the  first 
gelatin,  while  at  Ch+  =  lO"''-^  for  the  second  specimen. 

fAU  hydrogen-ion  concentrations  reported  in  this  paper  were  deter- 
mined electrometrically.  Solutions  were  adjusted  to  the  hydrogen-ion 
concentrations  throughout  by  means  of  sodium  hydroxide  or  hydrochloric 
acid,  except  for  the  data  recorded  in  Tables  VIII  and  IX  where  phosphate 
buffers  were  used  for  the  dilutions  up  to  Ch"*"  =  10  ~*. 


These  figures  show  a  slight  difference  in  the  optimum  point 
for  the  three  gelatins. 

Effect  of  Salt 

Since  1860  it  has  been  known  that  the  precipitation  of 
tannin  by  gelatin  is  made  more  complete  by  the  addition  of 
an  electrolyte.  In  the  official  method  for  testing  for  tannin 
used  by  the  American  Leather  Chemists  Association,  the 
gelatin  solution  is  made  up  to  contain  10  per  cent  of  sodium 
chloride.  It  was  deshable,  therefore,  to  study  the  effects 
of  electrolyte  on  the  mutual  precipitation  of  gelatin  and 
tannin. 

Preliminary  experiments  have  shown  that  the  addition  of 
sodium  or  potassium  cUoride  widens  the  range  of  Ch+  for 
precipitation,  and  that  these  electrolytes  will  cause  further 
precipitation  only  at  —log  Ch+  below  4  or  above  5.  Between 
4  and  5  the  salt  apparently  exerts  no  influence. 

Tannin  and  gelatin  solutions  with  final  concentration 
0.1  per  cent  and  tannin-gelatin  ratio  2  : 1  were  mixed  in  the 
usual  way  at  various  Ch+  values.  The  solutions  were  (1) 
centrifuged  for  30  minutes  and  (2)  sodium  chloride  was  added 
to  make  the  final  concentration  of  the  solution  0.01  M. 
The  solutions  were  again  centrifuged  and  (3)  more  sodium 
chloride  was  added  to  make  the  final  concentration  0.1  M. 
The  results  obtained  are  given  in  Table  IV. 


Table  IV — Effect 


Salt 


(1)  (2)  (3) 

-LogCat  NoNaCl  0.01  NaCl  0.1  NaCl 

3.0       No  ppt.  Faint  opalescence  Milky  Increased  turbidity 

3.5       No.  ppt.  Slight  opalescence  Opalescent  

4.0       Ppt.  SUght  opalescence  Clear  No  further  effect 

4.5       Ppt.  Slight  opalescence  Clear  No  further  effect 

5.0       No  ppt.  SUght  opalescence  Turbid  Clear 

5. 5       No  ppt.  Ciear  Opalescent  

Solutions  were  made  in  sodium  chloride  so  that  the  final 
concentration  of  salt  was  in  one  case  0.01  M  and  in  another 
0.1  M.  Higher  concentrations  did  not  seem  to  affect  the 
mutual  precipitation,  but  rather  to  salt  out  the  tannin  from 
the  tannin  solution.  This  salting-out  effect  was  verj'  marked 
with  concentration  of  1  M  and  upward. 

Table  V  gives  the  results  obtained  with  0.01  M  sodium 
chloride  solution,  and  Table  VI,  when  a  0.1  M  solution  was 
used. 

Table  V 

—  LogCjjt  . Effect ~  Effect  of  Additional  XaCl 

1  Milky  No  ppt.  None  apparent 

2  Opalescent      No  ppt.  Milky 

3  Opalescent      No  ppt.  Ppt. 

4  Ppt.  ....  None  apparent 

5  Opalescent      No  ppt.  Ppt. 

6  Clear       "       No  ppt.  SUght  ppt. 

7  Clear  No  ppt.  Opalescence 

8  Clear  No  ppt.  None 


. Effect . 

Very  sUght    Clear  soln. 


Clear  soln. 
Clear  soln. 
Clear  soln. 


Ppt. 
Ppt. 
Ppt. 
Very  slight     Milky 

ppt. 
No  ppt. 
No  ppt. 


Effect  of 

Additional 

NaCL 

None 

None 
None 
None 
None 
Ppt. 


Test  for 
Gelatin 
Negative 

Negative 
Negative 
Negative 


It  is  thus  seen  that  the  effect  of  electrolyte  is  only  to  widen 
the  range  of  Ch+  for  precipitation. t  However,  while  widen- 
ing the  range,  it  does  not  produce  maximum  precipitation, 
nor  does  it  have  an  effect  on  the  mutual  precipitation  at  or 
near  the  optimum  Ch+. 

J  In  accordance  with  Weiskc,  Z.  physiol.  Chem.,  7,  460  (1882),  who 
found  that  gelatin  and  tannin  would  not  precipitate  each  other  from  all  so- 
lutions, while  the  addition  of  a  neutral  salt  to  such  solutions  eSected  a  posi- 
tive result. 
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Application  to  Vegetable  Tanning  Extracts 

No  data  are  available  concerning  the  limits  of  detection 
of  tannin  by  tiie  "gelatin-salt"  test.  In  order  to  establish 
the  delicacy  of  the  test  with  several  important  tanning 
materials,  it  was  required  first  to  determine  the  optimum 
hydrogen-ion  concentration  for  each  extract.  While  this 
was  found  to  be  at  Ch+  =  lO"''-''  to  lO"''-*  for  gallotannic 
acid,  it  is  not  necessarily  true  for  all  tannins,  as  the  figures 
in  Table  VII  show. 


T.^BLE  VII — Optimum  C„ 
Extract 
Larch 
Oak 

Hemlock 
Quebracho 
Wattle 
Gambler 
°  The  optimum  reacti< 


R.\NGE  FOR  T.\NNIN-GELATIN  PRECIPITATION 

-Log  Ch* 
4.0  to  S.S" 
3.5  to  4.0 
4 . 0  to  4 ,  5 
4.0  to  4.5 
4.5  to  4.0 
3 . 5  to  4  . 0 
1  is  given  last  in  each  case. 


The  optimum  for  gallotannic  acid-gelatin  precipitation 
suggested  tliat  the  combination  took  place  at  or  very  close 
to  the  isoelectric  point  of  gelatin  (Ch+  =  10~^-°  to  10^^-'), 
but  the  data  offered  above  indicate  that  the  hydrogen-ion 
concentration  is  of  significance  to  the  components  of  the 
tanning  extract  as  well  as  to  the  gelatin. 

The  delicacy  of  the  test  for  tannin  at  the  optimum  Ch+ 
for  each  material  is  given  below  (Table  ^TII). .  The  gelatin 
solution  consisted  of  1  gram  gelatin  and  10  grams  sodium 
chloride,  made  up  to  100  cc.  in  distilled  water.  Two  drops 
of  this  solution  were  let  fall  into  10  cc.  of  tiie  tannhi  solution 
to  be  tested.  Since  so  little  gelatin  is  used  it  is  unnecessary 
to  adjust  the  gelatin  to  the  optimum  Ch+.  To  demonstrate 
the  necessity  of  adjusting  the  tannin  solutions  to  optimum 
Ch+,  the  limits  of  delicacy  are  also  given  for  the  cases  where 
tlie  tannin  solutions  were  diluted  with  distilled  watei'  just  as 
they  were  without  paying  any  attention  to  the  acidity. 

Table  VIII 

Limit  of  Detection  Parts  Tannin  in  Parts 

at  Optimum  Ch+  Water  in  Distilled  Water 

Extract                           1  Part  in  1  Part  in 

Larch                                      130,000  20.000 

Oak                                         150.000  7500 

Hemlock                               130,000  6500 

Quebracho                            130,000  17,000 

Wattle                                   200,000  20,000 

Gambier                             110,000  30,000 

It-  is  e\ident  that  when  extreme  delicacy  is  required,  the 
reaction  of  the  tannin  solution  must  be  adjusted,  since,  as 
showTi  above,  there  is  a  marked  falling  off  in  limits  of  detection 
when  an  extract  is  diluted  with  distilled  water  without  regard 
to  the  Ch+.  In  this  connection  it  is  interesting  to  note  tliat 
Wilson  and  Kern-'  reported  tlie  delicacy  of  the  "gelatin-salt 
test"  (dilution  at  which  test  was  negative)  as  follows:  que- 
bracho, 1:  11,300;  hemlock  bark,  1:  5600;  oak  bark,  1:  5700; 
larch  bark,  1:6300;  and  gambier,  1:6500.  In  tlieir  experi- 
ments the  extracts,  as  found,  were  diluted  with  distilled  water. 

Owing  to  the  confliction  in  the  definition  of  tannin,  it  should 
be  emphasized  that  all  the  figures  in  this  paper  are  based  on 
the  Wilson  and  Kern-''--  method,  which  defines  tannin  as  those 
substances  which  irreversibly  combine  with  hide  substance. 

The  extracts  were  then  made  up  at— log  Ch+  =  6,  7,  8,  9, 
and  10,  and  the  limits  of  detection  of  tannin  were  determined 
with  results  as  tabulated  below.  In  each  case  the  gelatin 
solution  was  adjusted  to  the  same  Ch+  as  the  tannin  solution. 

The  abrupt  change  in  delicacy  between  Ch+  =  10"'  and 
10~'  is  due  to  a  difference  in  determination  of  end  point. 
At  10~^  the  limit  of  detection  was  based  upon  appearance  of 


Table  IX 

Limits  of  Detection 

. 1  Part  Tannin  i: 

n  Parts  Water 

-  Log  C„+ 

6 

7 

S 

9 

Wattle 

30,000 

sooo 

4000 

1500 

Quebracho 

30,000 

20,000 

7500 

2500 

Larch 

15,000 

1750 

1000 

500 

Hemlock 

10,000 

4800 

2400 

1500 

Gambier 

10,000 

1000 

750 

400 

Oak 

7000 

1750 

7,50 

500 

a  turbidity,  but  due  to  the  darkening  of  the  solutions  at 
higher  alkalinities  such  end  point  became  impossible  to 
detect  and  it  was  necessary  to  look  for  the  appearance  of 
a  definite  coagulum.  At  Ch<-  =  10"'°,  precipitation  was 
found  to  take  place — at  higher  concentrations  of  tannin  than 
at  10"»,  to  be  sure — but  the  values  were  too  indefinite  to  be 
reported,  on  account  of  the  very  dark  color  of  the  solutions. 

The  figures  strikingly  demonstrate  the  significance  of 
hydrogen-ion  concentration  in  the  gelatin-tannin  reaction. 
Tests  on  the  acid  side  of  the  optimum  were  not  performed 
because  the  tannin  particles  are  precipitated  in  acid  solutions. 

It  is  to  be  emphasized  that  the  delicacies  tabulated  above 
are  extreme  figures  representing  the  faintest  turbidities 
and  precipitates  visible  upon  careful  scrutiny  only  by  one 
very  familiar  with  the  technic.  In  practical  and  hurried 
use  the  delicacies  noted  above  would  not  be  obtained. 

In  testing  spent  tan  liquors  it  would  be  necessary,  owing 
to  the  color  of  such  liquors,  to  set  up  a  blank  for  comparison 
with  the  tube  to  which  the  gelatin-salt  reagent  is  added. 

Since  the  standard  gelatin-salt  reagent  is  readily  putres- 
cible  and  its  efficiency  thereby  rapidly  declines,  it  is  neces- 
sary to  prepare  it  fresh  daily.  A  series  of  gelatin  solutions 
was  prepared  and  allowed  to  stand  at  room  temperature  to 
see  whether  this  troublesome  feature  could  be  eliminated. 
Four  mixtures  were  prepared,  all  1  per  cent  gelatin,  as  follows: 
(a)  in  distilled  water  at  — logCH+  =  7,  plus  1  per  cent  sodium 
fluoride,  (6)  same  as  (a)  except  use  of  toluene  instead  of 
sodium  fluoride,  (c)  in  distilled  water  adjusted  to  —log  Ch+  = 
4.6  plus  1  per  cent  sodium  fluoride,  and  (d)  same  as  (c)  except 
that  toluene  was  used  instead  of  sodium  fluoride. 

The  oldest  solutions,  prepared  on  June  24  and  tested  on 
November  25,  all  proved  to  be  as  efficient  as  a  fresUy  pre- 
pared gelatin-salt  reagent.  The  reaction  of  —  log  Ch+  =  4.6 
as  well  as  7  was  selected,  because  gelatin  is  readily  putres- 
eible  at  Ch+  =  10^,  while  it  is  exceedingly  resistant  to 
bacteria  at  4.6,  not  entirely  because  of  its  isoelectric  condi- 
tion at  the  latter,  but  also  because  the  activity  of  liquefying 
bacteria  is  apparently  inhibited  or  prevented  at  Ch+=  10"^-''. 

It  is  therefore  unnecessary  to  prepare  the  gelatin-salt 
reagent  fresh  daily,  since  it  has  been  shown  that  such  solu- 
tions kept  for  five  months  at  least,  provided  a  suitable  pre- 
servative such  as  toluene  or  sodium  fluoride  is  present, 
are  just  as  efficient  as  freshly  prepared  solutions. 
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The  Measurement  of  Temperature  in  Rubber  and  Insulating 
Materials  by  Means  of  Thermocouples' 


By  Ellwood  B.  Spear  and  J.  F.  Purdy 
HE  Goodyear  Tire  and  Rubber  Co.,  Akron,  Ohio 


TWO  methods  have 
presented  t  h  e  ni  - 
selves  to  ^'arious  in- 
■\estigators  as  possible  ways 
•of  measuring  the  operat- 
ing temperatures  of  pneu- 
jnatic  tires.  One  is  the  de- 
termination of  tiie  temper- 
ature from  pressure-vohiinc 
changes  of  the  air  confined 
in  the  inner  tube.  The 
other  method  involves  the  use  of  thermocouples. 

Considerable  attention  has  been  paid  to  the  first-mentioned 
method."  In  order  that  reliable  results  may  be  obtained 
it  is  necessary  to  measme  verj'  accurately  changes  of  pres- 
sure, the  expansion  of  the  tire,  and  leakage  of  air  from  the 
inner  tube  during  the  time  the  tire  was  rolling.  Considera- 
ble calculation  is  necessary  to  derive  the  temperature  from  the 
data  obtainable.  The  method  is  best  suited  to  laboratory 
tests.  The  greatest  ob.iection  to  this  method  lies  in  the  fact 
that  only  the  average  temperature  in  the  tube  is  measured. 
This  is  not  the  temperature  of  the  carcass  of  the  tire.  Recent 
tests  have  shoNvn  that  the  carcass  of  a  truck  tire  may  run 
60°  F.  above  the  temperature  of  the  air  inside  the  tube.  In 
many  cases  it  may  indicate  that  one  tire  is  hotter  than  another, 
but  this  is  not  invariably  rcliabU'.  es]K'cially  when  testing 
tires  of  radically  different  construction.  It  does  not  indicate 
which  portion  of  the  tire  is  the  hottest.  Some  means  are  nec- 
essary whereby  the  carcass  of  a  tire  can  be  explored,  and 
its  actual  temperature  and  its  hottest  portions  known. 

To  fill  this  need  the  thermocouple  has  been  brought  into 
use.  At  first  thermocouples  were  placed  between  the  plies 
of  the  tires  when  building.  Very  meager  results  were  ob- 
tained by  this  method,  for  as  soon  as  the  tire  began  to  roll 
the  wires  were  broken  by  the  flexing  action. 

More  recently  means  ha^e  been  employed  to  insert  a  ther- 
mocouple into  the  tire  from  the  outside  to  some  jioint  whose 
temperature  was  to  be  measured.  The  thermocouples  were 
made  of  Xo.  28  gage,  copper-constantan  wire  twisted  to- 
gether and  soldered.  One  way  of  inserting  the  thermocouple 
in  the  rubber  was  to  pass  the  couple  through  an  eye  in  the 
liead  of  an  awl.^  The  awl  was  thrust  into  the  rubber,  carrying 
the  couple  with  it.  On  withdrawing  the  awl  the  couple  re- 
mained inbedded  in  the  rubber.  When  tire  temperatures 
were  measured  the  thermocouple  was  inserted  to  a  depth  of 
from  V4  to  V/,  inches. 

Experiments  in  this  laboratory  have  shown  that  thermo- 
couples used  in  the  manner  described  above  give  temperature 
readings  which  are  far  too  low.  The  error  depends  upon  the 
size  wires  used,  the  depth  to  which  they  are  inserted,  the 
temperature  differential  along  the  wire,  and  the  thermal 
conducti\'ity  of  the  rubber  stock  whose  temperature  is  being 
measured.  The  correction  to  be  applied  must  be  determined 
for  the  particular  conditions  under  which  the  thermocouple 
is  used. 

1  Presented  before  the  Division  of  Rubber  Chemistry  at  the  64th  Meeting 
of  the  American  Chemical  Society,  Pittsburgh.  Pa.,  September  4  to  8,  1922. 

'  Ellenwood,  J.  ior.  AulomoUre  Eng..  10  (1922). 

3  "A  Method  of  Measuring  the  Temperature  at  Different  Points  in  the 
Body  of  an  Automobile  Tire  '  Research  Bulletin.  New  Jersey  Zinc  Com- 
pany, November,  1921. 


The  thermocouple  methods  hitherto  employed  are  shown  to  give 
temperature  measurements  in  rubber  articles,  tires,  etc.,  which  are 
much  too  low,  unless  there  is  little  or  no  temperature  differential  for 
several  inches  along  the  wires  from  the  thermal  junction. 

Curves  are  given  whereby  many  temperature  measurements  re- 
corded in  the  literature  may  be  corrected. 

A  new  thermocouple  casing  is  described  which  has  been  found 
convenient  for  the  measurement  of  temperatures  in  solid  or  pneumatic 
tires  while  the  latter  are  in  use  on  the  road. 


The  cause  of  the  erro- 
neous readings  obtained  by 
the  foregoing  method  is  ex- 
plained as  follows:  The 
thermocouple  wires  are  very 
good  conductors  of  heat, 
while  rulaber  conducts  heat 
])oorly.  When  thermo- 
couple wires  are  imbedded 
only  a  short  distance  in  the 
rubber,  as  is  necessarily  the 
case  in  a  tire,  only  a  small  surface  of  wire  is  in  contact  with 
the  rubber.  Heat  from  a  thin  film  of  rubber  immediately 
surrounding  the  wires  is  rapidly  conducted  away  by  the 
wires.  Heat  from  the  surrounding  mass  of  rubber  is  not 
transferred  to  the  wires  so  rapidly  as  heat  is  conducted 
away  by  them.  As  a  result  the  temperature  of  the  ther- 
mocouple and  the  thin  film  of  rubber  around  it  is  kept 
lower  than  that  of  the  surrounding  mass  of  rubber. 

Experiments  in  this  laboratory  have  showii  that  when 
using  X^o.  28  gage  wire  to  measure  the  temperature  of  rubber 
at  least  S^/--  inches  of  the  wire  must  be  kept  at  the  same  tem- 
perature as  the  rubber  at  the  point  where  the  temperature  is  to 
be  measured ,  in  order  to  secure  correct  readings.  That  is  to  say, 
there  must  be  no  temperature  differential  along  the  wires  for 
at  least  3'/-.  inches  from  the  couple.  When  this  length  of  wire 
is  in  contact  with  the  rubber,  enough  surface  is  exposed  to  the 
rubber  to  allow  suffi- 
cient heat  to  be  trans- 
ferred to  the  wires  to 
maintain  the  thermo- 
couple at  the  temper- 
ature of  the  surround- 
ing mass  of  rubber.  In 
cases  of  temperatures 
higher  than  those  or- 
dinarily measured  in 
rubber  compounds,  or 
in  cases  of  other  arti- 
cles of  lower  heat  con- 
ductivity, it  will  prob- 
ably be  necessary  to 
insert  the  thermo- 
couple deeper  in  order 
to  insure  correct  tem- 
perature readings.  Xo 
experimental  work  has 
been  carried  out  in  this 
regard  on  substances 
other  than  rubber. 

Depth  of   Insertion 

OF   Thermocouple 

Necessary 

The  apparatus  used  to 
show  the  proper  depth 
of  insertion  of  a  ther- 
mocouple necessary  to 

give     correct    readings     o_Thermocouples    perpendicular     to    pipe 
is  shown  in  Fig.  1.  imbedded  to  various  depths  in  rubber 


TO  Determine  Error 
IN  Readings  of  Ther-mocouples  Inserted 
TO  Varioi^s  Depths  in  Rubber 
.4 — Rubber    cylinder    built    around    a   steam 

pipe;    half  of  cylinder  removed  to  show 

position  of  thermocouples 
B — Steam  pipe  through  which  live  steam  was 

passed  to  heat  the  rubber 
C — Thermocouples  parallel  to  pipe  imbedded 
depths  in  rubber 
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A  cylinder  of  rubber,  .4,  made  of  a  pure  guin-sulfur  mix 
(Fig.  1)  was  built  around  a  3Vi»-inch  iron  pipe,  B.  After  the 
rubber  cylinder  was  properly  cured  it  was  cut  in  half  axially. 
Tliermocouiiles,  C,  were  placed  between  the  hah'es.     Each 
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Curve  C  represents  the  actual  temperature 

thermocouple  was  placed  at  a  carefully  measured  distance  from 
the  pipe.  The  wires  leading  from  the  thermocouples  were 
laid  exactly  parallel  to  the  pipe.  By  placing  the  wires  in  this 
manner,  the  entire  length  of  the  wire  imbedded  in  the  rubber 
was  surrounded  by  a  mass  of  rubber  at  the  same  tempera- 
ture as  that  surrounding  the  thermocouple.  Sets  of  wires  were 
imbedded  in  the  rubber  to  various  depths  from  2  to  8  inches. 
The  halves  of  the  cylinder  were  than  cemented  together  and 
cured  for  a  short  time  in  order  to  set  the  cement.  Steam  at 
any  desired  pressure  could  be  passed  through  the  iron  pipe 
to  raise  the  temperature  of  the  rubber  to  the  desired  degree. 

By  this  method  it  was  found  that  the  thermocouples  of 
No.  28  gage  wire  imbedded  S'/s  inches  or  more  in  the  rubber 
gave  the  same  temperature  readings  at  any  given  distance 
from  the  steam  pipe.  Those  imbedded  less  than  S'/:  inches 
gave  readings  lower  than  the  actual  temperature  at  the  point 
measured.  Fig.  2  shows  curves  drawn  from  original  data. 
The  curves  show  the  temperature  readings  of  thermocouples 
imbedded  to  depths  of  1  and  2  inches  in  the  rubber  and  the 
actual  temperatures  as  obtained  by  couples  imbedded  S'/i, 
5,  and  8  inches.  Had  the  rubber  not  had  such  a  low  thermal 
conductivity,  less  than  3'/2  inches  insertion  would  doubtle.'s 
have  sufRced.  In  the  experiment  the  temperature  ranged  as 
high  as  300°  ¥.,  thus  covering  any  temperature  usually  found 
in  rubber  compounds. 

Thermocouples  inserted,  as  shown  liy  D.  Fig.  1 ,  to  deptiis 
of  2  inches  and  less,  and  having  a  greater  temperature  differ- 
ential along  the  wires  than  was  the  case  with  couples  (', 
Fig.  1 ,  ga\'e  readings  much  lower  than  the  actual  temperature. 


Correction  Curves 

In  order  to  determine  the  corrections  that  must  be  made 
fin  thermocouple  readings  under  conditions  usually  found 
when  measuring  tire  temperatures,  the  apparatus  sho\\Ti  in 
Fig.  3  was  constructed.  A  thin  slab  of  rubber,  B,  was  laid 
over  an  electric  hot  plate,  A.  Other  slabs  of  rubber,  C,  of 
any  desired  thickness  could  be  laid  on  top  of  B.  The  actual 
temperature  lietween  the  slabs  B  and  C  was  measured  by 
thermocouples  having  at  least  6  inches  of  wire  at  the  same 
temperature  as  the  rubber  about  the  couple.  Previous  ex- 
periments, as  described  above,  had  showii  that  such  thermo- 
louples  would  give  correct  temperature  readings.  Other 
tliermocouples  were  inserted  in  the  rubber  and  their  readings 
compared  with  the  actual  temperature. 


through   which   the 


L,ples 
uidC 


Fig.  3— Appakati-s  tu  Dktkkmink  Erru 
. I— Electric  hot  plate 
/;— Thin  slab  of  rubber 
C  — Slab  of  rubber  of  any  desired  thickness 

were  inserted  to  slab  B 
D — Thermocouples  placed  to  give  actual  tempei 
L-] — Tire  thermocouple  inserted  in  rubber 
;    -Thermocouples  inserted  in  rubber  with  an  awl.  as  is  sometimes  done  in 

measuring  tire  temperatures 

In  this  apparatus  the  thermocouples  could  be  placed  much 
more  accuratelj'  in  any  desired  position  than  was  possible 
when  using  the  rubber  cylinder  (Fig.  1).  It  also  had  the 
advantage  of  giving  a  much  wider  temperature  range. 

Thermocouples,  F,  Fig.  3,  were  inserted  through  slab  C  by 
means  of  an  awl.  The  slab  C  was  then  laid  in  position  so 
that  the  thermocoujjles  F  lay  between  slabs  B  and  C.  Ther- 
mocouples were  made  of  insulated  copper-constantan  wires 
twisted  together  at  the  ends  and  soldered.  The  temperature 
gradient  through  the  slab  of  rubber  C  represented  very  closely 
the  temperature  gradient  in  the  carcass  of  a  tire.  Calibra- 
tions were  made  using  two  different  rubber  compounds. 
Both  compounds  are  used  in  tires.     One  had  a  comjiaratively 


10 

y 

^ 

l^ 

^ 

^ 

.^ 

^ 

-"^ 

^ 

^<^ 

>^ 

:^ 

5. 

^ 

^S^ 

^ 

i==-- 

=t 

'i::^ 

** 

5         i 

0               4 

a 

0 

0             < 

»        1 

0                1 

W             1 

M 

80           MO 

TEMPERATURE     DIFFEREMTIAU   "F 
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low  thermal  conductivity,  the  other  had  a  comparatively 
high  conductivity.  Figs.  4  and  5  show  the  corrections  to  be 
applied  to  thermocouples  of  No.  28  and  36  gage  when  in- 
serted as  shown  by  F,  Fig.  3. 


^ 

^ 

y^ 

y 

^ — 

[^ 

5^ 

^ 



J — 

-E 



rubbe 


n  rubber 
rubber 


0  20  40  60  «0  100  120         140  160         ISO       ZOO 

TEnPERATURE     DIFFEREHTIAL   "T 

Fig.  5 — Correction  to  Ordinary  Thermocotples  Inserted  to  Various 

Depths  in  Rubber  Stock  of  Medium  Thermai.  Conductivity 
/I— No.  28  gage  wire  inserted  0  30  inch  in  rubber 
B — No.  28  gage  wire  inserted  0.55  inch  in 
C — No.  28  gage  wire  inserted  0.85  inch  in 
D — No.  28  gage  wire  inserted  1.15  inches  i 
E — No.  36  gage  wire  inserted  0.55  inch  in 
F — No.  36  gage  wire  inserted  1.15  inches  in  rubber 

Temperature  differential  is  equal  to  the  potentiometer  reading  minus  the 
temperature  of  the  air  immediately  around  the  rubber 

New  Type  op  Thermocouple 

Fig.  G  shows  a  thermocouple  developed  by  the  authors 
which  has  given  very  satisfactory  results.  A  cylinder  of  hard 
maple  is  turned  to  the  dimensions  shown.  A  thermocouple 
is  made  of  No.  36  or  No.  40  gage  copper  and  constantan 
wires  twisted  together  and  soldered,  or  fused  as  desired.  A 
small  copper  disk  Vk  inch  in  diameter  and  V64  inch  thick  is 
soldered  to  the  thermocouple.  The  disk  is  then  sprung  into 
a  depression  at  the  end  of 
the  tube.  A  maple  plug  is 
turned  to  fit  tightly  into  the 
top  of  the  tube.  Two  heavy 
terminals,  one  of  copper  and 
one  of  constantan,  are  fixed 
in  the  plug.  The  small 
thermocouple  wires  are  at- 
tached to  these  terminals. 
Magnesium  oxide  is  sifted 
lightly  around  the  wires  un- 
til the  tube  is  filled.  The 
plug  is  then  glued  into  the 
top  of  the  tube. 

This  type  of  thermocouple 
is  inserted  into  a  hole  drilled 
in  the  tread  of  a  tire  to  some 
point  in  the  carcass.  By 
using  a  high-speed  drill  (1800 
toi2400  r.  p.  m.)  a  clean  hole 
can  be  made.  The  hole  is 
just  large  enough  to  admit 
the  thermocouple,  thus  ex- 
cludmg  all  air  and  allowing 
the  copper  disk,  or  heat  col- 
lector, to  press  tightly  against 
the  bottom  of  the  hole.  By 
using  wires  of  very  small 
diameter  the  heat  loss  by 
conduction  along  the  wires 
is  greatly  reduced.  These 
fragile  wires  are  completely 
protected  by  the  maple  tube. 
The  copper  disk  soldered 


'^FiG.  6 — Tire  Thermocouple 
.4 — Hard  maple  tube  turned  on  lathe 
B — No.  36  gage  copper  and  constan- 

C — Copper  disk  and  thermocouple 
V — Magnesium  oxide  packed  loosely 

around  wires 
K — Copper-constantan  terminals 


to  the  thermocouple  acts  as  a  heat  collector.  It  exposes  a 
comparatively  large  surface  to  the  rubber,  thus  facilitating 
the  transfer  of  heat  from  the  rubber  to  the  thermocouple. 
This  compensates  to  a  large  degree  for  the  lack  of  depth  of 
insertion  of  the  thermocouple  in  the  rubber. 

The  purpose  of  the  magnesium  oxide  in  the  tube  is  to  aid 
in  insulating  the  wires  from  heat  from  the  sides  of  the  hole. 
This  will  mask,  if  not  wholly  eliminate,  the  effect  of  the  tem- 
perature gradient  in  the  tire.  For  any  given  depth  of  in- 
sertion the  temperature  mil  depend  only  upon  the  actual 
temperature  at  the  point  being  measured  and  the  temperature 
of  the  air  immediately  surrounding  the  tire.  This  makes 
possible  a  study  of  the  different  temperatures  found  at  va- 
rious points  in  a  tu'e  carcass. 

The  thermocouples  are  easily  reproducible,  and  give  identi- 
cal readings  on  calibrating. 

The  correction  for  this  type  of  thermocouple  is  shown  in 
Fig.  7.  The  depth  of  insertion  of  the  thermocouple,  the 
potentiometer  reading,  and  the  temperature  of  the  air 
around  the  tire  are  easily  found.  When  they  are  knowTi  the 
correction  to  be  added  to  the  thermocouple  is  found  from  the 
chart.  This  chart  covers  a  much  wider  range  of  conditions 
than  will  ordinarily  be  found  when  measuring  tire  tempera- 
tures. Usually  a  correction  of  6° or  8°  F.  is  the  largest  that 
need  be  made.  Because  the  errors  in  the  readings  of  this 
tj'pe  of  thermocouple  are  small,  the  difference  in  the  correc- 
tion to  be  applied  when  stocks  of  different  thermal  conduc- 
tivities are  measured  is  so  small  as  to  be  negligible. 

In  addition  to  the  calibration  made  in  the  apparatus 
sho\vn  in  Fig.  3,  the  tire  thermocouple  was  also  calibrated  in  a 
40  X  8  inch  tire.  The  tread  and  several  plies  were  laid  back. 
Thermocouples  were  made  of  No.  36  gage  wires.  These 
couples  were  placed  between  the  plies  in  such  a  manner  that 
at  least  6  inches  of  the  wires  were  kept  at  the  same  tempera- 
ture as  the  thermocouple.  The  plies  were  then  cemented 
down  and  given  a  short  cure,  exactly  as  is  done  when  repair- 
ing a  tire.     The  thermocouples  between  the  plies  gave  the 


.2     .4     .6    .8     1.0    U    1.4    1.6    1.8    2.0 

DEPTH   OF  INSERTION  IN  IMCHES 

Fig.  7—  Correcthin  Curvks  for  Tire  Thermocouples 
Temperature  differential  equals   the    potentiometer    reading    mir 
temperature  of  the  air  immediately  around  the  tire 
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actual  temperatures.  Holes  were  drilled  through  the  tread 
of  the  tire  to  various  depths  to  admit  the  tire  thermocouple. 
The  tire  was  heated  by  a  sectional  air  bag  through  which 
steam  could  be  passed  at  any  desired  pressure.  The  results 
of  the  calibration  of  the  thermocouples  in  this  manner 
checked  wdth  those  previously  obtained. 

Drilling  a  hole  in  the  tread  of  a  tire  to  receive  the  thermo- 
couple is  not  so  severe  on  the  tire  as  one  might  suppose. 
After  a  year's  experience  using  tliis  method  in  the  laboratory, 
no  tire  has  been  found  in  which  premature  separation  be- 
tween the  plies  has  occurred  due  to  drilling  the  hole.  In  a 
tire  having  twelve  plies  of  fabric,  the  wTiters  have  drilled 
tlu-ough  nine  plies  and  still  operated  the  tire  for  an  extended 
time.  When  this  method  is  used  on  road  tests  a  rubber 
plug  inserted  in  the  hole  will  exclude  aD  dnt.  No  rubber 
cement  is  necessary  to  keep  the  plug  in  place.     When  a 


reading  is  desired  the  plug  can  easily  be  removed  with  a 
pair  of  sharp-nose  pliers. 

Two  precautions  must  be  taken  when  using  the  tire  ther- 
mocouple in  order  to  secure  correct  temperature  readings. 
The  first  is  to  allow  the  thermocouple  to  remain  in  position 
long  enough  to  overcome  the  lag  in  the  thermocouple. 
This  takes  about  one  minute,  but  varies  slightly  under  dif- 
ferent conditions  of  temperature.  The  other  is  the  correc- 
tion necessary  for  the  time  of  reading  after  the  tire  stops. 
As  soon  as  the  tire  stops  rolling  it  begins  to  cool.  Since  the 
temperature  cannot  be  taken  instantly,  it  is  always  necessary 
to  note  the  exact  time  of  stop  and  tlie  exact  time  when  the 
temperature  is  taken.  The  rate  of  cooling  of  the  tire  should 
be  observed  and  from  the  cooling  curve  a  correction  can  be 
made  for  the  drop  in  temperature  between  the  time  when 
the  tire  stops  rolling  and  the  time  when  temperature  is  taken. 


Sodium  Hypochlorite 

I— The  Preparation  of  Concentrated  Sodium  Hypochlorite  Solutions  of  Great  Stability  for  Use 

in  Food  Factories,  Milk  Plants,  Etc. 

By  Harper  F.  Zoller 

The  Nizux  Laboratories  Co.,  Detroit.  Mich. 


METHODS  for  the 
preparation  of  so- 
dium hypoclilorite 
are  so  numerous  that  it 
seems  almost  unnecessary 
to  add  one  more  to  thericlily 
laden  literature.  But  the 
methods  heretofore  ad- 
vanced have  been  of  value 
onlj'  to  the  textile  manu- 
facturer. A  specific  hypo- 
clilorite solution  was  made 
for  a  special  factory  opera- 
tion under  a  given  set  of 
worldng  conditions.  No 
method  has  been  devised  for 

the  wholesale  production  of  a  stable  hypochlorite  solution 
which  would  be  suitable  for  transportation  or  storage  for  use 
in  other  industries.  This  study  of  hypoclilorites  was  under- 
taken for  the  express  purpose  of  determining  the  true  nature 
of  hypoclilorites  in  solution,  their  stability  and  activity,  and 
of  producing  a  method  for  their  preparation  in  large  or  small 
ciuantities  for  industrial  plants. 

Our  conceptions  of  the  constitution  and  the  physical  and 
chemical  behavior  of  hypochlorite  have  very  materially 
changed  in  the  last  few  years.  Recently,  there  have  been  a 
few  attempts  to  regulate  the  stability  and  bleaching  prop- 
erties of  cUorinated  alkali  solutions  by  studying  their  alka- 
linity in  an  empirical  fashion.  Among  these  investigations 
are  the  observations  of  Higgins^  that  alkalies  stabilize  sodium 
hypochlorite  solutions  and  lower  the  velocity  of  bleaching, 
while  neutral  salts  increase  the  bleaching  rate  and  decrease 
the  stability.  Renewed  interest  in  hypoclilorites,  especially 
the  alkali  hypochlorites,  for  bleaching  purposes  in  the  textile 
industry  has  been  strongly  manifested  in  England  during  the 
last  decade.  In  the  United  States  the  pendulum  seems  to  have 
sowing  in  another  direction ;  we  have  become  deeply  interested 
in  hypochlorites  as  sterilizing  agents  and   general   disinfec- 

1  Received   December  18,   1922. 
»  J.  Soc.  Chem.  Ind.,  27,  185  (1911). 


A  demand  for  cheap  sodium  hypochlorite  exists  in  the  United 
States  because  of  its  rapidly  increasing  use  as  a  disinfecting  agent 
in  food  factories  and  elsewhere. 

A  method  for  malting  strong  sodium  hypochlorite  solutions  of 
2  to  5  per  cent  available  chlorine  from  sodium  hydroxide,  sodium 
carbonate,  and  drum  chlorine  is  given,  and  cost  data  are  presented. 

The  value  of  much  buffer  material  in  the  holding  of  the  pH  around 
10.5  for  the  region  of  maximum  stability  of  concentrated  sodium 
hypochlorite  solutions  is  the  principle  of  a  successful  method  of 
preparing  such  solutions. 

The  yield  of  sodium  hypochlorite  calculated  from  the  weight  of 
chlorine  used  is  about  100  per  cent.  This  points  to  a  different 
conception  of  the  chlorinating  reaction  than  thai  which  has  been 
prevalent. 


tants.  Calcium  hypochlo- 
rite, or  clJoride  of  lime,  is 
nmch  less  used  than  for- 
merly, principally  because 
of  the  high  lime  carrying 
power  and  the  sluggish- 
ness of  its  suspensions. 
Sodium  hypocUorite  is 
more  effective,  is  simpler 
to  handle,  and  will  not 
leave  a  film  of  lime  at  any 
time  tlirough  its  use. 

Many  factories  and  plants 
engaged  in  the  production 
of  food  products  would  use 
sodium  hypochlorite  as  a 
sterilizing  rinse  for  their  equipment,  provided  large  quantities 
of  a  uniformly  stable  quality  could  be  made  readOy  available. 
The  present  market  price  is  prohibitive  to  a  factory  of  any 
size. 

A  careful  search  into  the  merits  of  hypochlorites  as  steril- 
izing agents  under  conditions  where  organic  matter  was 
mainly  absent,  at  once  revealed  their  value,  and  a  series  of 
studies  was  undertaken  to  determine  suitable  methods  of 
preparing  the  one  logical  hypoclilorite  (sodium)  in  large 
quantities.  These  studies  led  to  a  consideration  of  the 
practical  stability  of  this  substance  under  the  conditions  to 
which  it  would  be  subjected  in  food  factories  and  elsewhere, 
as  distinguished  from  the  properties  expected  of  it  as  a 
textile  bleaching  agent. 

A  method  is  here  outlined  wluch  will  enable  the  average 
factory  to  prepare  its  own  effective  disinfecting  agent  simply 
and  cheaply.  In  subsequent  papers  the  writer  will  take 
up  the  activity  of  sodium  hypoclilorite  in  the  presence  of 
organic  matter  and  its  relative  bactericidal  efficiency.  The 
method  described  in  this  paper  is  based  upon  the  hydrogen- 
ion  control  sj'stem  of  manufacture.  The  solution  is  heavily 
buffered  in  order  that  the  reaction  of  the  solution  will  not 
rapidly  change  to  yield  an  unstable  solution.  A  sodium 
hypochlorite  solution  containing  .5  per  cent  available  chlorine 
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is  here  considered  to  be  a  concentrated  solution.  Solutions 
containing  10  and  c\-en  15  per  cent  available  chlorine  are 
readily  prepared  using  the  same  princii^le,  but  they  are  un- 
wieldy and  impractical  for  general  use. 

Stability  of  Sodium  HypocHLORiTE 

The  first  successful  attempts  to  prepare  stable,  dilute 
hypochlorite  solutions  for  purposes  other  than  bleaching  were 
those  of  Dakin,^  and  CuUen  and  Austin.^  These  attempts 
matured  in  the  introduction  of  a  serviceable  antiseptic  solu- 
tion for  medicinal  and  similar  uses.  But,  ovnng  to  diffi- 
culties co-existent  with  the  transportation  and  aiiplication  of 
the  Carrel-Dakin  solution,  a  series  of  chloramiues  was  de- 
veloped which  has  in  a  measure  superseded  the  Dakin  solution. 

CuUen  and  Austin  found  that  between  pH  9  and  10,  Dakin's 
solution  is  veiy  stable.  This  solution  of  sodium  hypochlorite 
approximates  a  0.44  per  cent  solution  of  available  chlorine, 
or  a  0.45  per  cent  solution  of  sodium  hypochlorite. 

Many  attempts  l)y  others  to  prepare  more  concentrated 
solutions  of  sodium  hypoclilorite  at  a  supposedly  similar 
range  of  hydrogen-ion  concentration  (pH  9  to  10)  have  met 
with  failure,  the  reason  being,  iu  the  writer's  estimation, 
a  poorly  buffered  solution  at  the  concentration  sought.  It 
is  absolutelj'  essential  that  the  solution  be  heavily  buffered 
l)etween  these  limits  of  pH  if  a  high  concentration  of  hypo- 
chlorite is  desu'ed. 

The  methods  in  general  use  for  the  preparation  of  sodium 
hypochlorite  are: 

(a)  Double  decomposition  of  calcium  hypochlorite  (chloride 
of  lime)  with  sodium  carbonate  or  sodium  sulfate. 

(b)  Electrolysis  of  .sodium  chloride  with  the  production  of 
sodium  hypochlorite  and  hydrogen. 

(c)  Direct  chlorination  of  sodium  carbonate  with  chlorine  gas. 

Wherever  large  quantities  of  sodium  hypochlorite  are 
demanded,  the  first  process  is  undesirable  because  of  the 
variable  character  of  commercial  chloride  of  lime,  and  because 
of  the  large  mass  of  residual  calcium  carbonate  sludge  which 
must  be  disposed  of.  In  the  electrolytic  method  it  would  be 
necessary  to  emplo)'  buffers  along  with  the  sodium  chloride  if 
a  strong  solution  of  sodium  hypoclilorite  were  desired; 
otherwise,  it  would  be  extremely  unstable  and  the  tax  on  the 
electrodes  and  equipment  enormous.  The  direct  chlorination 
method  is  the  most  practical  one  for  universal  practice  of 
producing  strong  sodium  hypochlorite  solutions.  It  is  the 
most  easily  controlled  and  can  be  made  rapidly  on  a  com- 
mercial scale. 

In  adopting  the  direct  chlorination  method  of  manufacture, 
the  first  step  was  to  provide  a  solution  with  sufficient  buffer 
material  to  hold  the  hydrogen-ion  concentration  in  the  region 
of  pH  10  to  10.5.  On  the  assumption  that  the  zone  of  reaction 
required  for  the  stability  of  Dakin's  solution  was  applicable 
to  stronger  solutions  of  sodium  hypochlorite,  several  prepa- 
rations of  2,  3,  3.5,  5,  and  10  per  cent  available  chlorine  were 
made  and  studied  in  regard  to  their  stability.  The  results  of 
the  studj^  showed  that  for  maximum  stability  these  strong 
solutions  required  that  powdered  phenolphthalein  spread  on 
their  surfaces  should  show  a  faint  but  distinctly  red  color, 
and  further,  that  a  1  per  cent  alcoholic  solution  of  thymol- 
phthaleiu  should  show  a  flash  of  blue  color.  When  such  a 
solution  is  analyzed  for  titrable  alkalinity,  available  chlorine, 
and  total  chlorides,  and  calculations  of  the  true  h^'drogen- 
ion  concentration  are  made  therefrom  according  to  the  scheme 
suggested  by  CuUen , '  one  finds  that  the  reaction  is  in  the  region 
of  pH  10  to  10.6.  This  is  a  higher  pH  than  is  desired  for 
Dakin's  solution.  The  quality  and  ciuantities  of  buffer 
materials  used  for  the  purpose  of  furnishing  the  necessary 

'Dakin,  Bril.  Med.  J..  II.  318,  191B;   Dakin  and    Dunham,  "Hand- 
book of  Disinfectant." 

<  Cullen  and  Austin,  J  Biol.  Chem.,  34,  3.53  (191S). 


reserve  alkalinity  follow  later  in  the  section  de\oted  to  the 
specifications  for  the  hypochlorite  preparation. 

The  following  table  is  compiled  from  a  great  mass  of  trial 
rims  made  to  determine  the  correct  quantities  of  alkalies  and 
pH  for  optimum  staliility: 


Anhy- 
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Blue  Flash 

Available 

60% 

drous 

Avail- 

imate pH, 

Pink  to 
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Chlorine 
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phthalein. 

after 

Ash 

Ash 

Chlorine 
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phthalein 
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% 

% 

% 

Made 

(Powdered) 

1% 

% 

5 

5 

3.15 

8.5 

No 

No 

1.72 

5 

5 

3.03 

9.0 

No 

No 

2.10 

.5 

5 

4.22 
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No 

No 

0.70 

5 
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3.20 

8.8 

No 

No 
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.3 
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2.53 
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No 

2.28 

5 

2.5 

2.30 
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.5 

2.5 

2.20 
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,5 

5 
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No 

2.45 

2. a 
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No 

No 

1.20 

2.5 

2.5 

1.65 
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1.58 
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2.5 

1.50 

10.4 

Yes 

Yes 

1.51 
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5 

4.05 
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No 

3.40 
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5 

3.50 

10.5 
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Yes 

3.48 
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2.5 

3.30 

10.2 
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Yes 

3.30 

7.5 

2.5 

3.20 

10.6 

Yes 

Yes 

3.20 

12.5 

2.5 

0.50 

9.S 

Yes 

No 

6.29 

12.5 

2.5 

6.00 

10.2 

Yes 

Yes 

6.00 

10 

2.  5 

5.00 

9.5 

Yes 

No 

4.80 

10 

2.  5 

4.50 

10.0 

Yes 

Yes 

4.51 

10 

fl' 

5.00 

10.0 

Yes 

Yes 

4.96 

0 

2.05 

(?) 

No 

No 

0.12 

5 

0 

1.50 

V) 

Yes 

Yes 

1,10 

^\'hile  all  the  buffer  materials  were  serviceable,  sodium 
carbonate,  because  of  its  a\ailability  and  cheapness,  proved 
superior.  As  far  as  could  bo  estimated,  there  was  no  appre- 
ciable anion  influence  on  the  stability  of  the  concentrated 
solutions  among  the  above  buffers.  The  criterion  of  the 
stability  seemed  to  be  the  intensity  of  the  alkalinity,  which  is 
here  characterized  as  the  hydrogen-ion  concentration. 


Table 

II — Showing  Relative  Eppect  of  Buffer 

Material 

(Anions 

ON  TH 

E  Stability  of  Sodium  Hypochlorite 
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60% 

%  Buffer      Pink  to       Blue  Flash 
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Chlorine 

Caustic 
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% 

% 
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3.25 
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3.19 

3.17 
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NaiB407 
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3.20 

3.21 

7.5 

NaiSiOs 

2.5              Yes                 Yes 

3.22 

3.22 

7.5 

NaHCOj 

2.5             No                  No 

3.25 

2.80 

The  influence  of  daylight  on  the  stability  is  only  minor. 
The  use  of  amber-colored  bottles  is  unnecessary.  In  ordinary 
clear  glass  bottles  the  hypochlorite  solutions  keep  for  5  or  6 
months  with  less  than  10  per  cent  loss  in  available  chlorine. 

It  is  not  necessary  either  to  cool  the  alkali  solutions  below 
40°  C.  while  clilorinating  them,  or  to  store  the  resulting  hypo- 
chlorite in  a  cold  place.  Whereas  it  is  true  that  the  activity 
of  the  hypochlorite  solutions  (chlorinating  power)  is  ac- 
celerated by  small  increases  in  temperature,  their  internal 
decomposition  is  not  noticeably  accelerated  at  the  stable 
region  ui  pH  10  to  10.5. 

Quantitative  Aspects  of  the  Chlorine-Gas  Method 

When  chlorine  gas  is  passed  into  a  mixed  solution  of  sodium 
hydroxide  and  sodium  carbonate,  containing  about  10  and  2.5 
per  cent,  respectively,  and  the  gas  is  stopped  when  the 
solution  registers  5  i)er  cent  of  available  chlorine,  it  is  found 
that  the  yield  is  99  to  100  per  cent.  A  temperature  change 
from  15°  to  40°  C.  does  not  affect  this  yield.  There  is  no 
formation  of  either  cUorate  of  perchlorate  under  these  con- 
ditions, or,  if  there  is  a  chance  formation  of  one  or  both,  they 
must  revert  immediately  to  the  hypochlorite,  since  the  chlo- 
rine is  found  in  the  available  condition  in  the  solution.  As 
a  matter  of  fact,  when  the  sodium  hypochlorite  solution  is 
titrated  for  the  available  chlorine  concentration,  with  sodium 
thiosidfatc  and  sodium  iodide  in  acid  solution,  actually  two 
equivalents  are  titrated  for  every  mol  (70.9  grams)  of  chlorine 
gas  passed  into  the  alkaline  solution.  It  matters  not  whether 
these  equivalents  come  from  the  bound  oxygen  or  bound 
chlorine  iu  the  hypochlorite  molecule,  so  long  as  experience 
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shows  that  the  comj^lete  activity  of  the  hypoclJoi-ite  solution 
is  not  destroyed  before  it  registers  zero  available  chlorine. 

In  actual  experience  a  pure  sodium  hypochlorite  solution 
at  pH  S  begins  to  lose  free  oxygen  to  the  air.  The  higher  the 
temperature  at  this  pH  the  more  rapid  is  the  decomposition. 
Coincident  with  this  loss  of  oxygen  the  solution  becomes  more 
acid,  and  because  of  the  increased  acidity  the  decomposition 
is  again  hastened.  It  is  an  ex.auiijle  of  catalj^sis  augmented 
by  the  hydrogen  ion. 

Whether  or  not  it  is  the  chlorine  or  the  oxygen,  or  both, 
which  are  the  active  constituents  of  sodium  hypochlorite, 
for  every  pound  of  clilorine  used,  one  pound  (100  per  cent)  of 
available  clilorine  is  obtained  in  the  product. 

Preparation  of  Sodium  Hypochlorite 

Unchlorinated  SoLUTIO^f — It  was  found  desirable  to  use 
sodium  hydroxide  of  good  technical  grade  (60  per  cent  caustic 
ash)  for  chlorinating,  and  a  good  grade  of  soda  ash  (anhy- 
drous sodium  carbonate)  for  the  buffer  material.  In  order 
to  make  a  solution  of  sodium  hypochlorite  of  certain  strength, 
a  ilefinite  amount  o^  alkali  in  the  presence  of  the  buffer  will 
be  required  to  maintain  the  stable  point  in  pH.  A  stronger 
solution  will  require  more  alkali.  The  wi-iter  has  made  several 
thousand  gallons  of  2.5  to  5  per  cent  sodium  hypoclilorite 
during  the  last  two  years,  and  has  found  it  desirable  to  main- 
tain the  concentration  of  sodium  carbonate  at  the  same 
point  in  all  the  formula.s — viz.,  2.5  per  cent. 

Tabi.k  II — Showing  Relative  Amounts  of  Alkali  and  Alkali  Carbonate 

FOR  Different  Concentrations  of  Product 

NaOH                                NaiCOs                   Average  Chlorine  pH 

(60%  Free  Alkali)       (.\nhydrous  Soda  Ash)   for  Stable  Product  (Approx.) 

%                                        %                                      %  % 

2.5                                     2.5                                 1.4  10.0 

5.0                                     2.5                                 2.25  10. S 

7.5                                     2.5                                3.25  10.5 

10.0                                     2.5                                4.50  10.5 

12.5                                     2.5                                 6.25  10.6 

For  5  to  2.5-galloii  quantities  of  hj'pochlorite,  the  alkali  and 
soda  ash  are  weighed  into  an  iron  or  copper  bucket,  and  about 
one-third  to  one-half  of  the  water  is  added  and  the  whole 
stirred  until  dissoh-ed.  It  is  then  filtered  through  layers  of 
ab.sorbent  cotton  or  muslin  into  the  chlorinating  receptacle, 
which  sKbuld  contain  the  remainder  of  the  water. 

Chlorination — The  chlorine  is  led  from  a  commercial 
drum  through  a  copper  tube  fitted  with  a  brass  or  bronze 
needle  valve,  and  silver  soldered  thereto.  The  copper  tube 
may  be  made  to  fit  snugh^  into  the  valve  head  on  the  chlorine 
drum  and  clamped  there  under  pressure.  The  copper  tube 
from  the  needle  valve  terminates  into  a  gas  meter,  which  is 
chlorine-tight.  The  meter  may  be  either  of  the  dump  type 
or  Venturi  effect.  Both  have  been  used  with  success.  They 
must  be  made  entirely  of  glass  and  filled  with  a  nonfreezing, 
nonchlorine-attacking  solution  such  as  an  alkali  chloride 
brine  (NaCl).  If  rubber  connections  are  used  they  will  have 
to  be  frequently  replaced.  A  chlorine  distributor  for  immer- 
sion into  the  alkali  solution  may  be  made  from  a  coarse  alun- 
dum  thimble  and  glass  tube.  Similar  diffusers  are  already 
on  the  market.  By  aid  of  the  needle  valve  the  stream  of 
chlorine  gas  can  be  easily  regulated.  For  large-quantity 
jiroduction  the  chlorine  meter  may  be  dispensed  with,  but  it 
is  then  necessary  to  follow  the  rate  of  chlormation  by  titration. 

Control  of  Strength  of  Hypochlorite — It  is  only 
necessary  to  know  the  quantity  of  chlorine  passing  into  the 
alkali  during  a  given  time  interval  to  calculate  the  strength 
in  terms  of  available  chlorine.  However,  it  is  often  more  con- 
venient to  have  available  a  0.1  N  sodium  thiosulfate  solution 
for  the  purpose  of  direct  determination  of  the  available  chlo- 
rine content.  The  method  used  in  this  laboratory  is  to  meas- 
ure 10  cc.  of  distilled  water,  5  cc.  of  glacial  acetic  acid,  and 
5  cc.  of  5  per  cent  sodium  iodide  into  a  Erlenmeyer  flask. 
Exactly  2  cc.  of  the  hypochlorite  solution  are  added,  and  the 


liberated  iodine  is  titrated  directly  with  the  thiosulfate  to^ 
the  disappearance  of  the  yellow  color.  No  starch  paste  is 
necessary,  although  a  white  paper  background  is  convenient. 
The  number  of  cubic  centimeters  of  0.1  N  sodium  thio- 
sulfate required  for  the  2  cc.  of  chlorinated  solution,  inultf- 
lilied  by  the  factor  0.1772,  will  give  the  percentage  of  avail- 
able chlorine  in  the  sodium  hypochlorite.  The  jjercentage 
of  available  chlorine  multiplied  by  1 .05  is  the  percentage  of 
sodium  hypochlorite  in  the  solution.  It  is  very  essential 
that  the  difference  between  the  concentration  of  available 
chlorine  and  concentration  of  sodium  hypochlorite  be  specifi- 
cally stated.     The  two  are  often  intermingle!  i. 

Relative  Co.sts  of  Production 

The  overhead  expense  of  this  method  of  manufacture  i.s 
\-ery  low.  Soda  ash  and  caustic  soda  are  relatively  cheap — 
the  former  is  around  2  cents  per  pound,  and  the  latter  about 
4  cents  per  pound.  Drum  chlorine  is  quoted  at  7  to  10  cent.s 
jier  pound.  Thus,  if  we  allow  50  per  cent  for  labor  co.sts, 
tlie  expense  of  producing  2.5  to  5  per  cent  "available  chlo- 
rine" sodium  hypochlorite  amounts  to  approximately  6.80 
cents  and  16.22  cents  per  gallon,  respectively.  These  values- 
are  in  a  marked  contrast  with  the  price  of  some  of  the  com- 
mercial sodium  hypochlorite  prepai-ations  now  on  the  market. 


Dimensions  of  Beakers  and  Flasks 

.\  conference  on  standardization  of  dimensions  of  glass  beakers 
and  fla,sks  held  at  the  Bureau  of  Standards  January  28,  1922,  was 
attended  by  representatives  of  the  American  Chemical  Society, 
the  Manufacturing  Chemists  Association,  the  Association  of 
Scientific  Apparatus  Makers  of  the  l.'nited  States  of  America, 
several  government  departments,  and  each  of  the  manufacturers 
of  glass  beakers  and  flasks  in  the  United  States.  The  discussion 
led  to  the  approval  of  the  selection  of  sizes  recommended  in  the 
published  report'  of  the  Committee  on  Guaranteed  Reagents  and 
Standard  Apparatus  of  the  American  Chemical  Society.  A 
definition  of  capacity  was  adopted  that  is  in  accordance  with 
long-established  custom  in  the  glass-blowing  industry.  It  pro- 
vides that  the  vessels  shall  hold  between  10  and  20  per  cent  over 
the  nominal  capacity.  A  subcommittee  was  appointed  with 
authority  of  the  conference  to  decide  in  detail  on  the  dimensions. 
This  committee  consisted  of  representatives  of  the  three  associ- 
ations named  above  and  representatives  of  all  the  manufacturers. 
It  had  been  generally  agreed  that  no  radical  changes  in  di- 
mensions were  desired.  The  changes  needed  were  to  permit 
better  nesting  of  beakers  where  necessary  for  shipment  and  to 
correct  the  capacities  of  a  few  of  the  sizes  which  were  not  within 
the  limits  adopted.  The  expense  involved  in  making  a  large 
number  of  changes  would  be  all  out  of  proportion  to  the  benefit 
derived,  because  there  has  been  little  complaint  in  the  past 
with  reference  to  the  dimensions  of  beakers  and  flasks. 

The  subcommittee  had  a  meeting  in  New  York  to  discuss  the 
best  way  of  coming  to  a  decision  on  the  different  items.  Data 
from  the  manufacturers  were  later  compared  and  a  tentative 
set  of  dimensions  prepared  for  further  consideration. 

At  a  final  meeting  of  the  subcommittee  held  in  Washington 
April  30,  1923,  a  modification  of  this  set  of  dimensions  was 
adopted.  The  manufacturers  of  beakers  and  flasks  have  pro- 
ceeded to  change  their  molds  as  required  to  bring  the  dimensions 
of  the  different  articles  within  1  or  2  millimeters  of  the  standards 
set.  The  changes  are  in  nearly  every  instance  so  slight  that 
very  few  users  will  notice  that  any  changes  have  been  made. 
Vessels  from  different  manufacturers  will,  however,  be  more 
nearly  of  the  same  size,  beakers  will  nest  better,  and  the  relation 
between  actual  and  nominal  capacity  will  be  more  uniform. 
The  exact  dimensions  selected  can  be  obtained  from  the  sec- 
retary of  the  subcommittee,  W.  D.  Collins,  U.  S.  Geological 
Survey,  Washington,  D.  C. 

1  This  Journal,  13,  1070  (1921). 


The  University  of  Chicago  has  announced  a  gift  O'f  $200,000 
from  the  Seymour  Coman  estate,  the  income  to  be  used  for 
"scientific  research,  with  special  reference  to  preventive  medicine 
and  the  cause,  prevention  and  cure  of  diseases." 
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The  Titration  of  Sodium  Formaldehydesulfoxalate 


By  Bernard  Salkin 

342  HopKiNsoN  Ave.,  Brooklyn,  N.  Y. 


The  alkaline  copper  sulfate  method  for  the  analysis  of  sodium 
formaldehydesulfoxalate  {or  of  sodium  hyposulfite)  is  art  excellent 
one,  because  under  the  conditions  of  the  experiment  none  of  the 
impurities  are  oxidized,  and  therefore  they  do  not  appear  in  the 
result. 

The  iodine  method,  however,  is  not  as  good  an  indicator  of  the 
main  product,  because  such  impurities  as  sodium  thiosulfate, 
sodium  bisulfite,  etc..  will  also  consume  iodine  and  indicate  a 
larger  percentage  of  the  main  product  than   is  actually  present. 

This  is  well  indicated  in  Sample  5320.  where  the  iodine  method 
gave  a  result  10.8  per  cent  higher  than  that  obtained  by  the  copper 
method.  This  discrepancy  may  be  explained  by  the  presence  of 
iodine-consuming  impurities,  and  the  nature  of  these  impurities  can 
be  determined  from  an  examination  of  the  results  obtained  by  calcula- 
tion. 

If  in  any  case  the  iodine  and  copper  percentages  do  not  checli. 
they  must  be  so  arranged  that  a  result  is  obtained  for  iodine  con- 
sumed, which  represents  only  the  sulfoxalate.  This  is  necessary 
for  the  determination  of  the  sodium  bisulfite  formaldehyde,  since 
for  this  the  difference  between  two  titrations  is  used,  in  the  second 
one  of  which  the  sulfoxalate  consumes  50  per  cent  more  iodine 
than  in  the  first,  while  the  amount  of  iodine  consumed  by  the  impuri- 
ties does  not  change. 


AS  late  as  February, 
1922,=  it  has  been 
claimed  that  it  i.s 
practicall)'  impossible  to  ti- 
trate sodium  formaldehyde- 
sulfoxalate by  two  differ- 
ent methods  and  obtain 
equivalent  results.  Fur- 
thermore, two  very  simple 
methods — that  of  titration 
with  an  alkaline  copper 
sulfate  solution,  and  an  idi- 
ometric  titration — are  dis- 
placed in  favor  of  more 
comphcated  methods.  This 
can  be  explained  by  the  fact 
that  the  procedure  outlined 
by  JeUinek'  is  not  condu- 
cive to  correct  and  uniform 
results.  As  the  result  of 
experimentation  a  method 
has  been  worked  out  wliich 
wiU  not  only  give  uniform 
results  in  the  determina- 
tion  of  the  main  product, 

but  will  also  indicate  the  kind  and  the  amount  of  the  impuri- 
ties present. 

Just  as  with  sodium  hyposulfite,  the  titration  of  sodium 
formaldehydesulfoxalate  can  very  easUj"^ — and  best — be  car- 
ried out  by  titrating  its  solution  with  strongly  ammoniacal  cop- 
per sulfate  solution.  The  impurities  present  are  not  oxidized 
imder  the  conditions  of  the  analysis,  the  copper  sulfate  hav- 
ing a  selective  action  on  the  sodium  formaldehydesulfoxalate 
or  the  sodium  hyposulfite. 

Whereas  in  the  case  of  the  sodium  hyposulfite  only  a  small 
percentage  of  impurities  is  usually  present,  sodium  formal- 
dehydesulfoxalate may  contain  a  large  percentage  of  foreign 
substances — e.  g.,  sodium  bisulfite  formaldeh3'de,  sodium  bi- 
sulfite, etc. 

Of  greater  importance  than  the  actual  assay  of  the  sulfoxa- 
late is  the  knowledge  of  the  nature  of  the  impurities  present, 
since  the  presence  of  sodium  bisulfite  formaldehyde  seems  to 
be  one  of  the  main  causes  of  toxicity  in  the  finished  neoarsphen- 
amine,  when  the  former  is  used  in  its  preparation. 

It  is  mdeed  fortimate  that  there  is  a  method  which  will 
give  the  assay  of  the  pure  substance,  as  well  as  indicate  the 
character  and  amount  of  the  impurities  without  resorting  to 
any  comphcated  procedure.  AH  that  is  necessary  is  the  titra- 
tion of  a  sample  in  three  different  ways. 

The  author  found  that  the  method  formerly  used  for  deter- 
mining the  impurities  was  worthless.  Jellinek's  directions 
call  for  the  addition  of  a  large  excess  of  sodium  bicarbonate 
and  vigorous  shaking  while  titrating  to  a  yellow  color  with 
0.1  iV  iodine  solution.  The  results  of  a  series  of  blank  ex- 
perunents,  using  only  sodium  bicarbonate  and  water,  showed 
that  the  amount  of  iodine  absorbed  was  directly  proportional 
to  (1)  the  amount  of  bicarbonate  used,    (2)  the  length  of 

1  Received   March   16,    1923.     Presented   before   the    Division   of   In- 
dustrial and  Engineering  Chemistry  at  the  65th  Meeting  of  the  .\n 
Chemical  Society,  New  Haven,  Conn.,  April  2  to  7,  1923. 

2  Heyl  and  Greer,  .Am.  J.  Pharm.,  94,  80  (1922). 
'  Jellinek,  "Das  Hydrosulfit,"  Teil  2,  p.  100. 


time  that  the  iodine  was  in 
contact  with  the  bicarbon- 
ate, and  (3)  the  amount 
of  iodine  added  in  excess; 
and  was  also  dependent  on 
the  amount  of  shaking. 

The  method  which  fol- 
lows is  one  that  will  not 
only  check  itself,  but  also 
allows  interpretation  of  the 
results. 

Method 


Preparation  of  Solu- 
tions— Solution  I.  Dissolve 
about  500  grams  copper  sul- 
fate crystals  in  2  liters  dis- 
tilled water;  add  1600  mis. 
28  per  cent  ammonia  water 
and  make  up  to  4  liters  with 
water.  This  solution  is  as- 
sayed for  copper  either  elec- 
trolytically  or  by  the  method 
outlined  by  Sutton.' 

Solutiom.   A  0.1  A^  sodium 
thiosulfate    solution,    stand- 
ardized  by  any  of  the  usual 
methods. 
Solution  3.    A  0.1  iV  iodine  solution  checked  against  a  standard 
sodium  thiosulfate  solution  at  each  titration.     In  addition  to 
these  solutions  an  approximately  10  per  cent  caustic  soda  solu- 
tion and  28  per  cent  (stronger)  ammonia  water  are  required. 

Procedure — First  Titration. 

Notes:  (1)  The  entire  procedure  must  be  carried  out  under 
anaerobic  conditions;  the  sulfo.xalate  solution  must  always  be 
kept  under  an  atmosphere  of  nitrogen. 

(2)  Only  recently  boiled  distilled  water  should  be  used  through- 
out. 

Weigh  out  15  grams  of  sample  to  be  analyzed,  put  into  a 
100-ml.  volumetric  flask,  add  water,  dissolve,  and  make  up 
to  mark.     (Call  this  Solution  A.) 

Into  a  2.50-ml.  volumetric  flask  place  10  ml,  of  Solution  A 
and  make  up  to  the  mark  with  water.     (Solution  B.) 

Into  a  wide-mouth,  250-ml.  Erlenmeyer  flask  provided 
with  a  3-hole  cork  stopper,  through  one  hole  of  which  passes 
an  L-tube  reaching  to  about  1.5  inches  above  the  bottom  of 
the  flask,  put  50  ml.  of  Solution  1  and  40  ml.  of  28  per 
cent  ammonia  water.  Warm  the  mixture  to  55°  C,  and 
keep  at  this  temperature  by  means  of  a  hot  plate  or  a  water 
bath.  While  passing  in  a  stream  of  nitrogen  through  the 
L-tube,  titrate  the  copper  solution  with  Solution  A  until 
the  mixture  is  colorless.  Repeat  tliis  titration  in  order  to 
check  the  result. 

If  the  percentage  of  sodium  formaldehydesulfoxalate  is 
low,  only  30.0  ml.  of  ammoniacal  copper  sulfate  solution  and 
25  ml.  of  ammonia  water  are  used. 

Calculation:  1.00  ml.  ammoniacal  copper  sulfate  solution 
containing  0.07982  gram  copper  sulfate  is  equivalent  to 
0.0295  gram  sodium  formaldehydesulfoxalate. 

Second  Titration.  Flush  a  250-ml.  Erlenmeyer  flask  with 
nitrogen.  Run  into  it  25.0  ml.  of  the  Solution  B,  and 
immediately  add  0.1  A^  iodine  solution  until  the  end  point  is 
reached.     -A.dd  2.0  ml.  of  iodine  solution  in  excess,  allow  to 

*  "V'olumetric  .\nalysis,"  9th  ed.,  p.  188. 
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stand  for  5  minutes,  and  titrate  back  with  the  0.1  A''  sodium 
thiosulfate  solution. 

Calculation:  On  the  basis  of  the  number  of  milliliters  of 
iodine  solution  consumed,  1.00  ml.  0.1  N  iodine  solution  is 
equivalent  to  0.00295  gram  of  sodium  formaldehydesulf- 
oxalate. 

Note:  This  result  should  check  very  closely  with  that  ob- 
tained by  the  first  titration  ("Copper"  method). 

Third  Titration.  Flush  a  250-ml.  Erlenmeyer  flask  with 
nitrogen.  Run  into  it  2.5.0  ml.  of  Solution  B,  and 
immediately  add  0.1  iV  iodine  solution  in  amount  equal 
to  50.0  ml.  more  than  was  used  in  the  second  titration. 
Then  add  10  per  cent  sodium  hydroxide  solution  until  the 
color  of  the  mixture  is  a  light  yellow.  AUow  to  stand  10 
minutes.  Acidify  with  dilute  hydrochloric  acid,  and  titrate 
the  liberated  iodine  with  0.1  A''  sodium  thiosulfate  solution. 

Calculation:  From  the  number  of  milliliters  of  iodine  solu- 
tion consumed  in  this  titration,  subtract  one  and  one-half 
times  the  number  of  milliliters  of  iodine  solution  consumed 
in  the  second  titration.  Each  milliliter  of  0.1  A'^  iodine  solu- 
tion in  the  difference  is  equivalent  to  0.003.35  gram  of  sodium 
bisulfite  formaldehyde. 

From  the  results,  we  have  the  percentage  of  sodium  formal- 
dehydesulfoxalate  (checked  by  two  methods)  and  the  per- 
centage of  sodium  bisulfite  formaldehyde. 

Analysis  of  Sulfoxalates 

A  number  of  sulfoxalates  were  analyzed  and  the  results 
were  tabulated  as  follows: 

Sodium  Formaldehvdesulfox.^late 


Copper 

Iodine 

Sodi 

um  Bist 

Sample 

Method 

Method 

For 

maldeb. 

5320 

72.7 

83.5 

5368 

31.4 

31.4 

53 125 

5367 

76.6 

75.9 

7.25 

5554 

17.4 

17.7 

66.0 

5584 

26.2 

26.35 

61.25 

5575 

23.8 

23.95 

59.9 

The  discrepancy  in  the  first  sample  between  the    per- 
■centages  for  sulfoxalate  obtained  by  the  copper  and  the  iodine 


methods  is  explained  only  by  the  presence  of  an  impurity 
other  than  sodium  bisulfite  formaldehyde.  This  impurity 
must  be  sodium  hyposulfite,  for  if  we  assume  that  any  other 
impurity — e.  g.,  sodium  bisulfite — is  present,  the  total  of  the 
percentages  is  above  100  per  cent.  Then,  again,  sodium 
hyposulfite  could  easily  have  been  formed  if  insufficient 
formaldehyde  had  originally  been  added,  or  if  much  had  been 
lost  by  evaporation. 

The  calculation  is  as  follows: 

NaaSjOi  +  2CuSOi  +  4NH<0H  =Na-S03  +  CmSOi  +  (NHOjSOj  4-  (NH.)s. 

SOi  +  2H:0 
NaHSOj.CHiO   -I-  CuSOi   +  3NHiOH  =    Na(NHi)S03  +  CH,0  +  CujSO. 

+  (NH<).SO,  +  2H3O 
Thus: 

1  CuSOi  =  V2  hyposulfite  or  V2  sulfoxalate  or  1  norm  CUSO4  = 
'/i  mol  hyposulfite  or  W  mol  sulfoxalate 

For  the  iodine  titration: 

NajSzO,  +  61  +  4H2O  ==  2NaHSO,  +  6HI 
NaHSOo.CHjO  -f  41  -t-  2H2O  =  NaHSOi  -|-  CH2O  -|-  4HI 
Thus: 

1  mol  iodine  =  '/o  mol  hyposulfite  or  '/«  mol  sulfoxalate 
Then  U  x  =  grams  of  sodium  hyposulfite  in  the  entire  solution 
and  y  =  grams  of  sodium  formaldehyde  hyposulfite  in  the  entire 
solution 

-        ,  .        .  X  V 

For  the  copper  titration  To"?   +  90^   =   a 

X  y 

For  the  iodine  titration      -7^   +  ^cTk   =   b 

where 

a  =  norms  of  copper  sulfate  used  in  titration 
and  b  —  norms  of  iodine  used  in  titration 
Thus,  for  Sample  5320: 

Per  cent 
Sodium  hyposulfite  30.6 

Sodium  formaldebydesulfoxalate  52.0 

8^6 
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To  Consumers  of  Pure  Chemicals 


Representatives  of  twenty-seven  medical,  pharmaceutical, 
■scientific,  and  engineering  societies  in  conference  in  Pittsburgh 
recently  passed  the  following  resolution:  "It  is  the  sense  of  this 
meeting  that  we  favor  the  gradual  adoption  of  the  metric  system 
wherever  practicable." 

The  Council  of  the  American  Chemical  Society  has  put 
itself  on  record  in  favor  of  the  purchase  of  pure  chemicals  and  of 
apparatus  exclusively  in  metric  units.  All  the  bureaus  of  the 
United  States  Government  are  buying  their  pure  chemicals 
exclusively  on  a  metric  basis.  Large  firms  are  selling  their 
pure  chemicals  exclusively  in  metric  units.  Two  hundred 
colleges  and  universities  and  three  hundred  firms  have  agreed 
to  buy  their  pure  chemicals  and  apparatus  on  metric  specifications. 

About  50,000  "stickers"  have  been  distributed  without  charge 
insisting  that  "orders  must  be  filled  and  billed  in  metric  units." 
Some  dealers  have  boasted  of  the  fact  that  on  telling  customers 
that  there  might  be  a  delay  in  supplying  metric  packages,  the 
customers  professed  not  to  care  whether  English  or  metric  pack- 
ages were  used.  Natturally,  we  are  not  going  to  get  an5Tvhere 
in  our  campaign  if  we  do  not  insist  on  getting  metric  packages 
even  when  it  means  some  inconvenience.  Therefore,  please 
insist  on  getting  what  you  want — viz.,  metric  packages,  without 
any  delay  caused  thereby  or  any  additional  cost.  You  can  get  it. 
Once  started  in  the  campaign  to  have  all  pure  chemicals  bought 
and  sold  in  metric  units  we  must  see  it  through  to  the  finish. 
•Only  a  small  part  of  that  limited  task  is  accomplished  as  yet. 


Failure  would  be  a  bad  setback  to  the  whole  metric  idea.  Suc- 
cess will  furnish  a  valuable  object  lesson  for  the  fiu'ther  advances. 

The  Metric  Association  has  agreed  to  give  to  this  committee 
for  its  work  90  per  cent  of  dues  received  from  memberships  in 
that  association  obtained  by  it.  The  committee  has  obtained 
several  such  memberships  and  has  thus  started  a  regular  income 
for  its  work.  Many  more  members  are  needed,  however.  In- 
dividual memberships  are  $2.00  and  corporation  or  firm  mem- 
berships $10.00. 

There  is  much  to  be  done  in  securing  adequate  teaching  of  the 
metric  system  in  the  schools  and  in  securing  double  marking  of 
bottles,  boxes,  cans,  collars  and  shirts,  automobile  tires,  etc. 
Doctors  need  to  be  encouraged  to  ^vrite  prescriptions  in  metric 
units  so  that  the  druggists  can  throw  away  the  antiquated 
apothecary  weights. 

1 — Will  you  buy  your  pure  chemicals  in  metric  units  this  year? 

2 — Have  you  encountered  any  difficulty  in  obtaining  metric  packages 
promptly  and  reasonably? 

3 — Can  you  use  any  stickers,  and  if  so,  how  many? 

4 — Will  not  you  or  your  firm  join  the  Metric  Association? 

5 — Can  you  suggest  some  activity  in  favor  of  the  metric  system  which 
you  will  undertake  in  your  locality? 

E.  C.  Bingham,  Chairman 
Committee  on  Metric  System  of  the  A.  C.  S. 
l.\fayette  college 
Easton,  Pa. 
June  25,  1923 
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The  Viscosities  of  Mixtures  of  Sulfuric  Acid  and  Water 


By  F.  H.   Rhodes  and  C.  B.  Barbour 

CoR.Sfil.I.    rMVERSlTV,     iTFUtA.     N'      V. 


This  investigation  was  undertaken  for  the  purpose  of  verifying  the 
results  of  previous  work  on  the  viscosities  of  mixtures  of  sulfuric 
acid  and  water  The  procedure  for  the  determination  is  described 
and  the  results  are  shown  both  in  tabular  and  graphic  form.  The 
results  are  compared  with  those  of  earlier  investigators,  and  a  dis- 
cussion of  the  practical  application  of  these  resutls  is  included. 


THE  viscosities  of 
mixtures  of  sulfuric 
acid  and  water  have 
been  determined  by  Gra- 
ham,' Wagner,'  and  Dun- 
stan  and  Wilson.''  The 
measurements  made  In- 
Graham  were   at   a   single 

temperature  only  (20°  C),  while  the  determinations  by 
Dunstan  and  Wilson  were  all  made  at  25°  C.  Wagner  deter- 
mined the  viscosities  at  temperatures  of  15°,  25°,  35°,  and 
■i5°  C,  but  he  used  only  three  mixtures,  containing,  respec- 
tively, 23.4,  15.5,  and  7.87  per  cent  of  sulfuric  acid. 

Obviously,  the  results  obtained  Ijy  these  earlier  investiga- 
tors give  little  information  as  to  the  effect  of  temperature 
upon  the  viscosities  of  solutions  of  sulfuric  acid.     Moreover, 

these  earlier  results 
do  not  agree  very 
well  among  them- 
selves. The  values 
obtained  by  Dunstan 
and  Wilson  are  very 
much  higher  than 
tluisc  given  liy  Wag- 
ner for  solutions  of 
similar  concentra- 
tions and  at  the  same 
temperature.  Gra- 
ham and  also  Dun- 
stan and  Wilson  ob- 
served a  maximum 
in  the  \'iscosity-con- 
centration  curve  at  a 
point  corresponding 
to  the  comi^osition  of 
tlip  hydrate  H0SO4.- 
H2O;  but  Dunstan 
and  Wilson  observed 
a  minimum  in  the 
curve  between  this 
point  and  the  point 
corresponding  to  the 
composition  of  pure 
HoSOj,  while  CJraham 

observed      no     such 
Fig.  1  — Viscometer    for    Determination        .    . 
OF    Viscosities   of    Mixtures   of   Sulfuric    niUlUIllUn. 
.\ciD  AND  Water 

Experimental 

The  viscometer  used  in  this  work  consisted  of  a  cylindri- 
cal glass  bulb  with  a  capacity  of  about  200  cc,  provided  with 
a  tubulature  at  the  top  and  terminating  at  the  bottom  in  a 
glass  capillary  tube  which  was  8  cm.  long  and  1  mm.  in 
internal  diameter.  A  glass  valve,  mounted  on  a  glass  rod, 
was  ground  in  to  close  the  passage  between  the  bulb  and 
the  lower  capillary  tube.  The  upper  tubulatvu-e  was  fitted 
with  a  cork  stopper  which  was  provided  with  an  air  vent, 
through    which    were  inserted   the   thermometer  for  indi- 

'  Received  March  26,  1923. 

:  Graham,  Trans.  Roy.  Soc.  London.  161A,  373  (1861). 

»  Wagner,  .-inn.  Physik.  18,  259  (1883). 

I  Dunstan  and  Wilson,  J.  Chem.  Soc.  (London),  91,  83T  (1907). 


eating  the  temperature  of 
the  liquid  within  the  bulb 
and  the  glass  rod  which 
served  as  the  stem  of  the 
cut-off  valve  at  the  lx)ttom 
of  the  bulb.  The  viscom  - 
eter  was  supported,  as 
shown,  in  an  inverted  bell 
.jar,  which  served  as  a  constant  temperature  water  jacket,  the 
apparatus  being  so  arranged  that  both  the  bulb  and  the  capil- 
lary were  maintained  at  the  temperature  of  the  water  within 
the  bath.  The  water  in  the  water  bath  was  heated  by  live 
steam,  when  necessary,  and  was  stirred  by  a  slow  curreut  of  air. 
In  making  a  determination  of  viscosity,  the  liquid  to  be 
tested  and  the  water  in  the  water  bath  were  heated  separately 
to  the  temperature  at  which  the  determination  was  to  be 
made.  The  liquid  was  then  placed  in  the  viscometer  bulb, 
and  both  the  liquid  in  the  bulb  and  the  water  in  the  water 
bath  were  brought  to  the  desired  temperature  and  main- 
tained at  this  temperature  throughout  the  determination. 
When  the  temperature  was  adjusted  properly,  the  valve  was 
lifted  and  licjuid  was  allowed  to  flow  from  the  bulb  until  the 
capillary  was  filled  and  the  meniscus  at  the  top  of  the  liquid 
stood  exactly  at  the  level  indicated  by  a  fixed  mark  around 
the  bulb.  A  graduated  flask,  containing  exactly  63.6  cc.  was 
then  placed  below  the  capillary,  the  valve  was  lifted  to  a 
definite  height,  and  the  time  required  for  the  outflow  of 
exactly  63.3  cc.  of  the  liquid  was  determined. 

The  \dscometer  was  calibrated  by  determining  the  times 
of  flow  of  several  liquids  of  known  kinematic  viscosity,  and 
from  these  results  a  calibration  curve  for  the  instrument  was 
drawn  (Fig.  2).  The  liquids  used  in  calibrating  the  vis- 
cometer were  water,  benzene,  linseed  oil,  20  per  cent  sucrose 
solution,  40  per  cent  sucrose  solution,  and  various  petroleum 
oils.  The  values  for  the  viscosities  of  benzene  and  of  lin- 
seed oil  were  taken  from  the  Smithsonian  Tables,  those  for 
the  viscosities  of  water  and  the  sucrose  solutions  were  those 
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Fig.  2  — Calibration  Curve 
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given  by  Bingham  and  Jackson. ^  The  viscosities  of  the 
petroleum  oils  were  determined  by  means  of  a  Saybolt 
Universal  viscometer,  the  Saybolt  seconds  being  translated 
into  centipoises  by  the  use  of  a  conversion  diagram  drawn 
from  the  data  given  by  Herschel.^ 

The  mixtures  of  sulfiu-ic  acid  and  water  were  prepared 
from  pure  distilled  water  and  pure  95  per  cent  sulfuric  acid, 
or  fi'om  95  per  cent  sulfuric  acid  and  pvu'e  fuming  sulfuric 

'  Bur.  standards,  Sei.  Paper  298. 
'  Bur.  Standards,  Tech.  Paper  112. 


acid.     The  percentage  of  sulfuric  acid  in  each  of  the  mix- 
tures was  checked  by  titration  with  standard  alkali. 

These  results  are  shown  in  the  table  and  also  graphically 
by  the  accompanying  curves.  Fig.  3  shows  the  kinematic 
\-iscosities,  Fig.  4  the  absolute  viscosities. 

Discussion  of  Results 

The  general  form  of  these  viscosity-composition  curves  is 
similar  to  that  of  the  curve  obtained  by  Dunstan  and  Wilson. 
Their  curves  agree  with   those  of  the  authors  in  showing 


Viscosities 

oy  Mixtures 

OF  Sulfuric  Acid 

VND  W.\TER  AT  Various 

Temperatures 

Kinematic 

Absolute 

Kinematic 

Absolute 

HsSO, 

Time 

Viscosity 

Density 

Viscosity 

H2SO. 

Time 

Viscosity 

Density 

Viscosity 

Per  cent 

Cp. 

Viscosities  at  0" 

G./Cc. 
C. 

Cp. 

Per  cent 

Sec. 

Cp. 

Viscosities  at  50"  C. 

G./Cc. 

Cp. 

0.00 

167,0 
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maxima  at  84.5  per  cent  and  100  per  cent  sulfuric  acid, 
corresponding  to  the  compositions  of  the  compounds  H2SO4.- 
H2O  and  H2SO4,  respectively,  and  a  minimum  at  94.5  per 
cent  sulfuric  acid.  The  viscosities  found  by  the  authors 
are,  however,  very  much  lower  than  those  found  by  Dunstan 
and  Wilson  for  mixtures  of  the  same  composition.  For 
example,  according  to  the  authors  the  mixture  containing 
84.5  per  cent  sulftoric  has  an  absolute  viscosity  of  20  centi- 
poises,  while  Dunstan  and  Wilson  give,  for  the  same  mixture, 
a  viscosity  of  94  centipoises.  The  results  for  the  viscosities 
at  25°  C.  agree  substantially  with  the  results  obtained  by 
Wagner  at  this  same  temperature. 

It  will  be  observed  that  the  maxima  and  the  minimum  are 
much  less  pronounced  at  75°  C.  than  at  the  lower  tempera- 
tures, which  seems  to  indicate  that  the  hydrate  complexes 
to  which  the  viscosity  of  the  more  concentrated  solutions  is 
due  are  largely  dissociated  at  the  higher  temperature.     This 


hypothesis  is  supported  by  the  fact  that  the  rate  of  decrease 
of  viscosity  with  increasing  temperature  is  very  much  greater 
with  the  concentrated  solutions  than  with  the  dilute  solutions, 
owing  to  the  superimposed  effects  of  two  factors — the  normal 
increase  in  fluidity,  and  the  increasing  dissociation  of  the 
hj^drate  complexes.  These  changes  in  viscosity  with  the 
temperatures  are  plotted  in  Fig.  5. 

The  results  obtained  for  the  viscosities  of  mixtures  of  sul- 
furic acid  and  water  are  not  only  of  general  scientific  in- 
terest, but  are  also  of  value  in  calculating  the  rates  of  flow  of 
such  mixtures  through  pipes,  using  the  modified  Fanning 
formula  given  by  Wilson,  McAdams,  and  Seltzer.^  They 
have  also  a  very  direct  application  in  the  explanation  of  the 
effect  of  temperature  upon  the  performance  of  the  lead 
storage  cell.  Further  work  on  the  \dscosity  of  fuming  sul- 
furic acid  is  in  progress. 

'  This  Journal,  14,  105  (1922). 


Tungsten  Wire  for  Hydrogen -Ion  Determinations' 


By  John  R.  Baylis 


Baltimore  City  Water  Department,  Baltimore,  Md. 


HYDROGEN-ION  tests  are  now  regarded  as  a  neces- 
sity in  an  increasing  number  of  industries,  due  to  its 
giving  indication  of  certain  stages  of  chemical  reac- 
tions. This  is  leading  to  the  demand  for  instruments  that  will 
automatically  record  the  pH  changes.  While  the  hydrogen 
electrode  gives  an  accurate  measurement  of  the  hydrogen- 
p  ion  concentration   of 

many  solutions,  the 
method  of  making 
such  determinations 
and  the  care  neces- 
sary for  accurate  re- 
sults make  it  difficult 
to  construct  a  ma- 
chine that  will  con- 
stantly indicate  the 
pH.  If  the  use  of 
hydrogen  gas  could 
be  eliminated,  one 
very  troublesome 
element  would  be  re- 
moved. 


TO    POTENTIOMETER 


Fig.  1 — Tungsten  Lamp  Electrode  Most   efforts   here- 

tofore have  been  to  develop  an  electrode  that  will  give 
the  hydrogen-ion  concentration  of  most  any  solution  by 
producing  the  same  voltages — that  is,  an  electrode  where 
0.8  volt  will  mean  the  same  concentration  for  any  solu- 
tion regardless  of  its  nature.  This  would  be  the  ideal 
electrode,  but  such  exacting  demands  are  not  necessary 
for  many  uses.  Assuming  the  ideal  to  be  impractical,  the 
next  best  thing  is  one  that  will  give  voltage  differences  that 
are  indicative  of  pH  changes  in  the  solution.  If  0.4  volt  in 
one  solution  indicates  a  pH  of  7.0  and  0.8  \'olt  in  another  in- 
dicates the  same  pH,  there  should  be  no  great  difficulty  in 
applying  such  conditions  to  the  industries,  provided  pH 
changes  produce  voltages  that  are  readily  measurable.  If 
a  certain  solution  gives  a  voltage  of  0.3  at  a  temperature  of 
10°  C.  and  0.4  at  a  temperature  of  30°  C,  this  is  not  serious 
so  long  as  the  temperature  effect  is  known.    "\'oltage  differ- 
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ences  due  to  the  constituents  of  the  solution  are  not  serious 
so  long  as  the  substance  being  added,  or  being  changed, 
wiU  produce  differences  that  are  readily  measurable  and  in- 
dicative of  certain  reactions. 

With  the  hope  of  developing  an  electrode  that  does  not 
require  the  use  of  a  gas  and  that  may  be  used  to  indicate 
pH  changes  produced  by  the  application  of  chemicals  for 
purifying  Baltimore's  water  supply,  the  author  has  tried 
several  metals  in  connection  with  the  mercury-calomel 
half-ceU.  It  was  found  that  the  tungsten  wire  in  an  ordinary 
40-watt  electric  lamp  gives  such  uniform  results  mthin 
certain  pH  ranges  as  to  be  suggestive  of  being  useful  for 
such  work.  The  maximum  range  of  the  water  since  the  tests 
were  started  three  months  previous  to  this  writing  has  been 
pH  from  6.5  to  8.6.  The  useful  range  may  not  extend  greatly 
beyond  these  figures,  but  this  covers  a  very  important  range. 
There  is  a  voltage  difference  of  approximately  0.09  for  each 
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Fig.  2 — Relation  of  Voltage  to  pH  When  Using  a  40-Watt  Tung- 
sten Lamp.  pH  Determined  Colorimetrically.  Gunpowder  River 
Water  Used.  Temperature  Approximately  10°  C. 
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pH,  which  is  considerably  more  than  the  hydrogen  electrode. 
The  electrode  has  been  tried  only  on  this  particular  water, 
and  there  is  no  assurance  that  it  will  work  on  others.  There 
is  also  no  assurance  that  it  will  give  accurate  results  under 
all  conditions  of  the  water  tried,  but  there  have  been  con- 
siderable changes  during  the  three  months  duration  of  the  test 
with  no  appreciable  change  in  the  results. 

Fig.  1  shows  the  electrode.  A  hole  was  ground  into  the 
light  globe  large  enough  for  two  small  tubes,  one  for  the 
potassium  chloride  solution  and  the  other  for  the  water. 
A  rapid  displacement  of  the  water  gives  best  results.     Fig. 


2  shows  curve  plotted  from  a  number  of  determinations  made 
from  several  different  lamps.  The  pH  was  determined  by 
color  standards.  A  lamp  will  give  accurate  results  for  about 
a  week,  then  there  might  be  a  gradual  de\dation  from  the 
first  readings. 

The  elimination  of  gas  and  the  simplicity  of  such  an  elec- 
trode make  it  of  great  value  if  it  has  a  fairly  wide  range  and 
proves  as  reliable  as  experiments  now  indicate.  The  author 
does  not  have  time  to  test  its  usefulness  beyond  his  own 
particular  condition,  and  is  making  tliis  public  with  the  hope 
that  others  will  investigate  its  possibOities. 


The  Efficient  Recovery  of  Nitrates  from  Caliche' 


By  J.  W.  Turrentine 

OF  Soils,  U.  S.  Departmbnt  of  Agriculture,  Washington,    D.  C. 


THE  many  reports  appearing  in  the  current  press  relative 
to  the  present  situation  in  the  nitrate  industry  of  Chile 
all  give  substance  to  the  impression  that  conditions  there 
are  far  from  ideal.  The  situation  is  confused,  to  be  sure,  with 
various  elements,  such  as  local  politics,  finance,  and  international 
commerce,  but  evidence  remains  that  the  trouble  is  fundamentally 
one  of  poor  chemical  engineering.  For  this  conviction  one  need 
go  no  further  than  the  recent  publications  of  Allen  and  the  report 
of  Donnan. 

Suggested  Remedies  for  Chu.ean  Nitrate  Situation 

The  nitrate  industry  is  experiencing  the  results  of  the  total 
loss  of  an  important  part  of  its  market,  Germany,  cut  off  by 
blockade  during  the  war  and  now  on  an  entirely  self-supporting 
basis  through  the  war-time  development  of  its  air  nitrate  in- 
dustry. It  is  faced  with  the  loss  of  other  markets  through  a 
similar  development  of  the  air  nitrate  industry  in  the  various 
countries  now  buying  Chilean  nitrate.  This  is  notably  true  in 
the  United  States,  where  it  is  scarcely  conceivable  that  we  shall 
delay  much  longer  in  taking  this  important  step  toward  national 
self-sufficiency.  This  move,  carried  to  its  logical  conclusion, 
among  the  nitrate-using  nations  of  the  world  will  deprive  the  ni- 
trate industry  of  its  markets  and  will  result  in  the  destruction  of 
that  industry.  While  not  immediately  probable,  it  is  still 
quite  possible  and  offers  a  disturbing  consideration.  It  is  in- 
evitable that  such  a  contemplation  will  act  as  a  depressant; 
likewise,  that  the  question  will  be  asked  and  must  be  answered. 
"What  can  be  done  about  it?" 

The  answer  is  obviously:  "Cheapen  the  product;  first  to  elim- 
inate the  incentive  to  develop  au"  nitrate  industries  in  other 
countries,  and  second,  to  make  it  more  difficult  for  air  nitrates 
to  compete." 

The  cost  of  producing  and  selling  Chile  nitrate  has  been  ap- 
portioned as  follows: 

Per  cent 

Export  tax 41 

Bags 6 

Transportation 11 

Overhead 3 

Labor 19 

Fuel 11 

Interest 9 

The  inevitable  reaction  to  the  suggestion  that  the  price  be 
lowered  is,  first  of  all,  to  look  to  the  Chilean  government  for  a 
reduction  of  taxation.  In  this  case  the  tax  is  principally  the 
export  tax  imposed  by  that  government,  which  may  be  reduced 

'  Received  March  22.  1923.     Presented  before  the  Division  of  Industrial 
and  Engineering  Chemistry  at  the  65th  Meeting  of  the   An 
Society,   New   Haven,   Conn.,   April   2  to  7.   1923. 


on  the  nitrate  industry  by  distributing  it  over  other  industries 
notably  the  copper  industry. 

Another  suggestion  is  to  increase  the  pro-nitrate  propaganda 
in  foreign  countries — first,  to  increase  the  use  of  nitrates,  and 
second,  to  combat  hostile  legislation. 

As  is  generally  the  case,  the  last  suggestion  to  be  acted  upon 
is  the  one  that  plants  and  processes  be  modified  and  brought 
up  to  date  to  cheapen  the  production  costs  and  place  the  industry 
at  once  on  a  sounder  and  more  economic  basis. 

Such  a  suggestion  calls  for  the  reconstruction  of  plants,  and 
that  for  an  outlay  of  capital,  and,  as  is  generally  the  case  in  an 
industry  facing  adversity,  capital  is  hard  to  secure  and  at  best 
is  secured  at  a  high  cost.  The  price  of  money  is  frequently  meas- 
ured by  the  acuteness  of  the  distress  of  the  borrower  and  in  the 
same  ratio.  In  the  past,  profits  have  been  dissipated  in  the  pay- 
ment of  large  dividends  and  no  surplus  seems  to  remain  for  de- 
velopments. 

But  even  where  capital  is  abvmdant,  it  is  extremely  difficult  to 
persuade  manufacturers  to  forsake  methods  of  operation  that 
have  yielded  profits  in  the  past  for  new  and,  to  them,  strange 
processes,  even  where  the  promise  of  greatly  increased  profits 
is  extended.  Such  changes  extend  beyond  finance  and  plant  and 
apparatus  to  include  organization,  for  an  organization  trained 
to  operate  one  process  may  be  "green  hands"  when  applied  to 
a  new  one. 

The  Chilean  nitrate  deposits  have  been  of  the  utmost  impor- 
tance to  the  world  and  it  is  not  certain  that  the  end  of  that  impor- 
tance is  at  hand.  The  increased  recovery  of  by-product  ammonia 
in  America,  for  example,  will  decrease  still  further  our  demand 
for  nitrates,  although  in  Germany  the  coking  of  coal  exclusively 
in  by-product  ovens  did  not  serve  to  terminate  the  importation  of 
nitrates  and  still  left  a  deficit  to  be  met  through  the  manufacture 
of  air  nitrates;  and  there  the  use  of  concentrated  fertilizers  is 
more  largely  developed  than  here. 

In  addition,  there  is  a  further  possibility  that  America  may  be 
led  to  adopt  that  most  vital  economy  of  substituting  by-product 
coke  for  bituminous  coal  for  domestic  and  industrial  use,  and  in 
that  way  abolish  the  present  highly  reprehensible  and  indefensible 
practice  of  burning  raw  bituminous  coal.  This  would  enor- 
mously increase  the  output  of  by-product  ammonia  for  fertil- 
izer purposes  and  the  other  great  quantities  of  valuable  materials 
produced  therewith,  instead  of  devoting  them,  as  at  present,  to 
the  pollution  of  our  atmosphere  and  the  consequent  impairment 
of  our  health  and  happiness.  To  further  such  a  worthy  economy 
we  might  well  rigidly  exclude  the  competition  of  nitrates  from  all 
foreign  sources. 

Although  it  is  still  obtaining  its  main  supply  there,  this  country 
is  no"longer  dependent  on  Chile  for  its  iodine,  for  it  has  been  dem- 
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oustrated  that  an  adequate  quantity  can  be  yielded  through  the 
development  of  the  kelp  industry. 

It  i.s  evident  that  the  perpetuation  of  the  Chilean  industry  is 
not  essential  to  America,  but  it  is  not  certain  that  its  destruction 
will  not  prove  a  great  economic  loss  to  the  world  in  general, 
and  it  is  certain  that  its  destruction  would  be  a  national  calamity 
to  the  Chilean  people.  In  that  fact,  certainly,  is  found  an  ade- 
quate reason  for  any  measures,  however  drastic,  which  will  in- 
sure the  continued  functioning  of  the  industry.  It  is  essential 
that  everything  be  done  that  will  count  towards  the  neutral- 
ization of  the  present  varied  adversities  confronting  the  industry. 
Government  ownership  and  operation  has  already  been  suggested 
as  a  possible  outcome  of  the  present  failure  of  private  ownership 
to  meet  the  situation.  Researches  financed  by  the  government 
looking  to  the  improvement  of  processes  might  forestall  and  ob- 
viate  the   necessity   of   more   drastic   steps. 

Great  improvement  in  the  situation  could  be  made  in  three 
directions: 

The  government  might  surrender  its  export  tax,  thus  reducing 
the  price  in  the  market  by  that  substantial  amount.  To  meet 
the  necessity  for  government  revenue,  tax  might  be  levied  on 
private  property,  now  largely  exempt. 

Plants  and  processes  could  be  improved  so  as  to  reduce  the 
manufacturing  costs.  If  capital  is  not  readily  available,  it  could 
be  furnished  by  the  government  with  the  enforced  amalgamation 
of  small  properties  into  larger  groups,  thus  greatly  reducing  the 
cost  of  rehabilitation.  (The  prosperity  of  the  Chilean  govern- 
ment is  so  intimately  linked  with  that  of  the  industry  that  the 
two  cannot  be  separated.)  With  new  processes  could  be  yielded 
by-products  now  imperfectly  exploited., 

Propagandizing  activities  in  foreign  countries  could  be  enlarged 
to  enhance  the  use  of  nitrates,  thus  to  increase  and  strengthen  the 
market;  to  educate  the  agriculturists  in  its  use  and  benefits; 
to  meet  its  critics;  to  prevent  its  abuse;  and  to  defend  it  against 
its 'opponents. 

Inefficiency  of  Present  Process 

The  one  present  by-product,  iodine,  capable  it  seems  of  very 
greatly  increased  production,  is  imperfectly  presented  with  the 
single  idea  of  maintaining  the  present  high,  monopolistic  price 
totally  without  regard  to  obvious  greatly  increased  markets  if 
offered  at  a  reduced  price,  and  apparently  without  investigation 
of  possible  new  uses  for  iodine.  At  present  a  portion  of  the 
iodine  available  is  delivered  to  a  selling  agency  which  accepts 
only  that  quantity  which  can  be  absorbed  by  the  market  at  a 
fancy  price,  being  content  with  the  large  profits  accruing  to  them 
from  a  practical  monopoly  and  without  intelligent  interest  in 
the  prosperity  of  the  producers. 

The  fact  is  clearly  established  that  the  processes  now  in  oper- 
ation are  decidedly  out  of  date.  The  lack  of  progress  of  the  pres- 
ent operators  is  severely  arraigned.  It  is  shown  that  the  methods 
now  in  vogue  have  been  used  for  about  forty  years  without  ma- 
terial improvement,  and  have  thus,  to  date,  failed  to  utilize  the 
modern  developments  in  the  science  of  chemical  engineering; 
that  of  the  available  raw  material  at  hand  only  the  best  is  taken, 
representing  a  very  inefficient  usage  of  the  deposits;  that  of  the 
material  taken  very  imperfect  recoveries  are  made,  a  large  portion 
of  the  nitrates  originally  present  being  thrown  on  the  dumps  and 
lost;  that  the  methods  applied  to  this  imperfect  recovery  are 
expensive  in  both  labor  and  fuel;  and  that  imperfect  control  is 
maintained  so  that  there  is  only  a  partial  realization  of  the  losses 
incurred. 

More  specifically,  it  is  shown  that  the  raw  material  is  sorted, 
even  hand-picked,  and  only  the  best  grade  is  sent  to  the  re- 
finery, thus  certainly  reducing  the  average  to  a  point  below  which 
the  remaining  material  cannot  be  economically  worked  by  pres- 
ent methods;  that  this  is  imperfectly,  unevenly  crushed,  which 
precludes  uniform  and  efficient  leaching;  that  the  grinding  is 
carried  out  in  such  a  way  as  to  create  large  volumes  of  dust, 
which  are  blown  away  and  lost,  damage  the  machinery,  and 
add  to  the  discomfort  and  ill  health  of  the  employees;    tha't  the 


leaching  is  accomplished  by  gravity  percolation,  which  is  slow 
and  because  of  inevitable  channeling  is  imperfect;  that  a  large 
quantity  of  slimes  is  washed  through  with  the  solution  and 
represents  a  problem  in  itself,  so  far  unsolved — a  result  of  im- 
perfect filtration;  that  while  leaching  is  in  progress  the  solution 
is  so  heated  that  evaporation  takes  place  simultaneously,  con- 
noting a  state  of  affairs  where  conditions  are  maintained  unfavor- 
able to  both  evaporation  and  solution;  that  leaching  being 
imperfect,  the  material  undergoing  extraction  is  discharged 
still  containing  a  large  percentage  of  values  (the  estimated  re- 
covery is  about  5.5  per  cent) ;  that  obviously  there  is  no  practical 
way  whereby  the  material  may  be  continuously  sampled  to  show 
whether  extraction  is  complete  or  not;  that  the  leaching  vats 
are  discharged  by  manual  labor;  that  the  steam  used  to  heat  the 
vats  is  employed  without  regard  to  the  efficiency  of  its  employ- 
ment; that  the  hot  solution  discharged  from  the  leaching  vats 
is  permitted  to  cool  in  transit  largely  by  conductance  instead 
of  by  evaporation,  the  maximum  available  work  of  the  heat  thus 
not  being  utilized;  that  the  further  cooling  of  the  brine  for  the 
crystallization  of  the  nitrates  takes  place  slowly  and  likewise  by 
conductance,  since  the  formation  of  protective  pellicles  of  crystals 
over  the  surfaces  of  the  unstirred  volumes  of  brine  prevents 
evaporation;  that  while  air  cooling  is  used,  no  advantage  is  taken 
of  the  evaporative  powers  of  the  peculiarly  dry,  hot  air  of  the 
region;  that  while  the  economical  use  of  water  is  important, 
no  effective  effort  to  conserve  water  is  made;  that  while  fuel  oil 
is  expensive,  no  particular  thought  is  given  to  the  conservation 
of  heat;  that  separation  of  the  valuable  potassium  nitrate  from 
the  sodium  salt  is  ignored  and  instead  the  two  are  sold  together 
as  the  less  valuable,  and,  in  general,  but  little  attention  is  paid 
to  by-products;  that  no  attention  is  paid  to  the  elimination  of 
borax,  but  instead  that  deleterious  substance  is  permitted  to 
contaminate  the  product ;  that  the  mother  liquors  are  used  with- 
out any  great  regard  for  solubility  and  solution  efficiencies; 
and,  in  general,  mechanical  devices  for  the  elimination  of  manual 
labor  are  neglected. 

The  solution  with  which  the  raw  material  is  being  leached  is 
boiled  while  the  leaching  is  taking  place.  The  boiling  is  con- 
tinued until  a  sufficiently  concentrated  solution  is  obtained,  the 
concentration  being  attained  by  evaporation  probably  as  much 
as  by  the  taking  up  of  more  nitrate.  Furthermore,  what  is  worse, 
the  solution  is  "purged"  of  impurities — that  is,  the  less  soluble 
substances  are  crystallized  by  evaporation  or  by  a  salting-out 
process,  or  probably  both,  while  still  in  contact  with  the  caliche 
from  which  it  is  supposed  to  be  dissolving  additional  nitrate. 
So  here  is  a  condition  where  solution  is  supposed  to  be  taking 
place — at  any  rate,  an  operation  is  being  performed  to  bring  about 
the  solution  of  nitrate  from  caliche — while  at  the  same  time 
crystallization  of  salts  and  the  evaporation  of  the  solvent  are  be- 
ing induced. 

Let  us  analyze  this  intricate  operation.  A  lump  of  caliche 
rich  in  nitrate  is  brought  into  contact  with  solution  already 
heavily  charged  with  saline  material  (nitrate  and  impurities). 
On  the  surface  and  within  the  interstices  of  the  lump,  nitrate 
dissolves  to  saturation,  to  the  point  where  salting  out  of  the  less 
soluble  ingredients  is  necessary  before  more  nitrate  can  dissolve. 
Salting  out  occurs,  and  it  occurs  at  the  point  where  nitrate  is 
dissolving.  The  formation  of  a  coat  or  plug  of  crystals  thus 
results,  effectually  preventing  further  solution,  and  the  operation 
stops.  In  other  words,  no  regard  is  given  the  elementary  prin- 
ciple that  materials  dissolve  only  with  difficulty  in  solution  with 
which  they  form  precipitates. 

It  is  practically  certain  that  with  the  impurities  thus  salted 
out  a  large  portion  of  the  potash  is  eliminated. 

Possibilities  of  Improvement 

The  ideal  process  of  recovering  nitrate  from  caliche  is  one 
which  obviates  all  the  objections  to  the  present  archaic  process. 
Is  there  such  an   ideal   process? 
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Distance  from  the  scene  of  operations,  while  regarded  as  an 
objection  in  that  it  relegates  any  proposed  process  to  the  class 
of  "paper  process  of  an  author  or  would-be  inventor,"  yet  has 
the  possible  advantage  that  mountains  appear  as  mole  hills  and 
that  if  the  distance  be  great  enough,  difficulties  which  at  close 
range  appear  insurmountable  come  to  appear  as  no  problem  at 
all.  A  clear  understanding  of  the  elements  of  a  problem  is  es- 
sential to  the  precise  solution  of  that  problem,  but  at  the  same 
time  some  perspective  is  likewise  essential.  It  is  clear  that  those 
most  intimately  associated  with  the  industry  are  the  ones  most 
nearly  completely  overwhelmed  by  the  obstacles  in  the  way  of 
improvement  and  are  the  least  able  to  do  anything  about  it. 
They  cannot  see  the  problem  for  the  details;  they  refuse  to  be 
convinced  because  they  do  not  admit  the  authority  of  their 
critics.  To  them  authority  is  synonymous  with  familiarity. 
Yet,   all   constructive   suggestions  come   from  outsiders. 

It  is  evident,  therefore,  even  if  a  lack  of  intimate  knowledge 
encourages  the  recommendation  of  palliatives  that  may  not  work, 
it  is  equally  true  that  a  too  intimate  knowledge  may  be  quite  as 
bad  as  inducing  the  inclination  to  condemn  without  trial.  It 
is  no  more  of  a  sin  to  propose  something  that  may  not  work  than 
it  is  to  condemn  something  that  will.  An  operator  cannot  es- 
cape his  responsibility  for  condemning  a  proposed  improve- 
ment in  process  by  pointing  out  the  imperfections  of  the  one  mak- 
ing the  proposal.  The  merits  of  the  case  cannot  be  settled  on  the 
basis  of  personalities. 

A  process  which  obviates  all  the  objections  pointed  out  above 
as  existing  in  the  present  mode  of  operation  in  the  nitrate  fields 
has  already  been  worked  out  in  all  the  essentials,  and  has  been 
demonstrated  by  several  years  of  actual  operation — but  not  on 
caliche;  otherwise,  of  course,  there  would  be  no  problem.  In 
any  new  application  adjustments  have  to  be  made  in  details. 
This  process  is  based  on  the  most  advanced  methods  of  counter- 
current  leaching,  filtration,  and  fractional  crystallization.  It 
is  a  process  which  admits  of  high  capacity,  continuous  and  auto- 
matic operation,  and  is  highly  conservative  of  fuel,  water,  power, 
and  labor.  It  admits  of  simple  and  complete  chemical  control, 
and  affords  means  of  obtaining  main  and  by-products  of  desired 
states  of  purity. 

This  method  of  grinding,  lixiviating,  evaporating,  crystal- 
lizing, and  treatment  of  mother  liquors  is  being  described  in  de- 
tail in  the  current  series  of  articles,  "Potash  from  Kelp,"-  now- 
appearing  in  This  Journal,  and  will  not  be  further  described 
here. 

It  has  been  shown  that  the  main  difficulty  in  the  way  of  the  ac- 
ceptance of  improved  methods  of  plant  processes  in  the  nitrate 
field  is  the  fear  of  the  development  of  slimes.  In  other  words, 
the  difficulties  in  the  past  of  handling  solutions  containing  col- 
loidal or  near  colloidal  suspensions  of  clay  have  prevented  the 
adoption  of  any  modification  in  leaching  methods  looking  to  more 
rapid  or  more  thorough  leaching.  Modern  leaching  prattice 
prescribes  a  fine  state  of  subdivision  of  the  solids  to  be  leached 
and  thorough  agitation  with  the  solvent.  This  will  tend  to  in- 
crease the  proportion  of  slimes;  but  modern  practice  in  the  suc- 
cessful treatment  of  slimes  and  colloids  of  a  wide  range  of  char- 
acteristics convinces  one  that  here  is  no  insurmountable  problem. 

It  is  obvious  that  if  caliche  can  be  percolated  without  the 
liberation  of  slimes,  it  can  likewise  be  filtered  without  the  liber- 
ation of  slimes,  provided  the  coarser  particles  of  mineral  matter 
naturally  present  therein  are  employed  as  a  matrix  wherewith  to 
retain  the  finer  particles.  This  may  be  done  rapidly  with  ro- 
tating filters  where  the  filter  cake  is  removed  before  it  has  reached 
an  impervious  thickness.  The  prevailing  impression  that  ro- 
tating vacuum  filters  cannot  be  used  in  the  industry  apparently 
is  due  to  the  fact  that  they  have  been  applied  only  to  the  removal 
of  slimes  alone,  and  not  to  the  filtration  of  the  natural  mixture  of 
fine  and  coarse  particles  of  earthy   materials  making  up  the 

'  See  This  Journal,  15,  139  (1923). 


caliche.  The  filtration  of  clayey  soils  and  even  of  colloidal  clay 
in  this  laboratory  is  no  longer  an  unsolved  problem. 

Countercurrent  lixiviation  of  a  finely  ground  caliche  with 
adequate  agitation  with  the  solvent  will  afford  a  completely 
extracted  solid  as  one  product  and  a  hot,  practically  saturated 
solution  as  the  other.  It  may  be  applied  to  low-grade  materials 
as  well  as  high-grade. 

Caliche  of  18  per  cent  nitrate  content  is  regarded  as  the  lowest 
grade  material  that  can  now  be  profitably  processed  by  the  pres- 
ent antiquated  methods.  If  this  is  the  limit  with  a  recovery  of 
55  per  cent  efficiency,  it  is  obvious  that  with  a  recovery  of  99  per 
cent  material  as  low  in  nitrate  content  as  10  per  cent  can  be  used 
without  regard  to  any  other  economies  obtained.  This  alone 
will  mean  a  tremendous  increase  in  the  quantities  of  workable 
caliche   available. 

Steam  evaporators  give  rapid,  controlled,  and  cheap  evapo- 
ration, and  vacuum  crystallization  affords  advantages  not  pos- 
sessed by  any  other  method.  It  permits  a  crystalline  product 
to  be  deposited  continuously  and  in  such  a  way  as  to  admit  of 
mechanical  handling  and  rapid  washing,  drying,  and  sacking, 
and  the  most  advantageous  use  of  mother  liquors. 

As  an  alternative,  spray-pond  evaporation  may  be  considered, 
if  the  loss  of  water  which  that  involves  is  not  too  important  an 
item.  Spray-pond  cooling  is  most  efficient  where  the  spray 
maintained  is  fine,  is  kept  in  suspension  for  a  long  time  (thrown 
high  in  the  air),  and  the  air  circulation  is  rapid  (high  winds). 
Unfortunately,  these  advantageous  conditions  entail  such  great 
losses  through  the  blowing  away  of  fine  spray  and  desiccated 
particles  that  they  must  be  avoided  instead  of  sought.  With 
high  winds  a  coarse  spray  is  the  best  that  can  be  used.  This  is 
sufficient  to  insure  rapid  circulation,  large  surfaces  exposed  to  the 
evaporating  agent,  and  the  prevention  of  the  formation  of  pro- 
tective coating  of  crystals  over  the  surface  of  the  brine.  It  does 
not  exclude  mechanical  conveying,  washing,  drying,  and  sacking 
of  the  crystalline  product,  though  it  may  not  aid  in  the  separa- 
tion of  the  sodium  and  potassium  nitrate  and  the  elimination 
of  borax. 

The  precipitation  of  impurities  should  be  outside  the  leaching 
vats  and  not  within  them,  both  because  the  latter  interferes  with 
further  leaching,  as  has  been  explained,  but  more  particularly 
because  among  the  impurities  are  possible  by-products  of  value. 
To  separate  all  these  by  the  maintenance  and  manipulation  of 
equilibria  would  be  quite  an  undertaking,  because,  as  pointed 
out  by  Donnan,  one  would  be  led  into  multiphase  systems  of 
great  complexity.  But  in  practice  such  systems  may  some- 
times be  greatly  simplified  through  the  immediate  elimination  of 
undesired  components  by  means  other  than  temperature  and 
volume  changes. 


More  Fertilizer  Used  on  Cotloii  Acreage 

Increased  used  of  fertilizer  on  the  cotton  acreage  this  year  as 
compared  with  last  year  is  reported  to  the  United  States  De- 
partment of  Agriculture.  More  than  37  per  cent  of  the  acreage 
has  been  fertilized  as  compared  with  32  per  cent  last  year.  A 
number  of  individual  states  show  larger  gains. 

In  Georgia  the  total  cotton  acreage  receiving  fertilizer  this 
year  was  10  per  cent  more  than  last  year's  acreage.  Florida 
shows  an  increase  of  8  per  cent,  Alabama  10  per  cent,  Mississippi 
14  per  cent.  Louisiana  18  per  cent,  and  Arkansas  16  per  cent. 
The  remaining  cotton  states  are  below  the  average  gain  for  the 
belt  as  a  whole. 

An  average  of  260  pounds  of  fertilizer  per  acre  used  is  shown 
for  all  cotton  states,  as  compared  with  251  pounds  in  1922. 
Mississippi  and  Arkansas  show  a  decrease  of  10  pounds  per  acre 
and  Virginia  15  pounds.  In  Louisiana  the  same  quantity  per 
acre  was  used  as  last  year.  North  Carolina  shows  the  use  of 
445  pounds  of  fertilizer  per  acre  as  compared  with  410  pounds 
last  year;  South  Carolina,  310  pounds  as  compared  with  280 
pounds;  Georgia,  250  pounds  as  compared  with  218  pounds; 
Florida,  250  pounds  as  compared  with  200  pounds;  Alabama,  230 
pounds  as  compared  with  210  pounds. 
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The  Industrial  Outlook  for  Colloid  Chemistry' 


By  Harry  N.  Holmes 

Oberlin  College,  Oberlin,  Ohio 


COLLOID  chemistry  has  aheady  made  an  important  place 
for  itself  in  the  industries,  but  there  are  a  great  number 
of  applications  yet  to  be  made.  Most  plant  and  animal 
material  is  colloidal,  consequently  the  shaping,  isolation,  and 
transformation  of  this  material  needs  the  aid  of  men  with  a 
colloidal  viewpoint.  Even  in  some  minerals  and  in  the  clays 
we  find  the  colloid  condition.  The  study  of  alloys  wUl  probably 
progress,  to  some  extent,  along  colloidal  lines. 

It  may  be  worth  while  to  consider  some  of  the  probable  col- 
loid industrial  developments  of  the  near  future. 

Plauson's  Colloid  Mill 

This  invention  of  Hermann  Plauson,  a  Russian  physical 
chemist,  and  Berthold  Bloch,  a  German  engineer,  is  being  widely 
advertised,  and  its  many  uses  are  thoroughly  covered  by  patents 
before  the  mills  are  sold  to  the  public.  If  it  lives  up  to  one-half 
the  promises  made  for  it,  this  will  greatly  extend  the  application 
of  colloid  chemistry  to  the  industries. 

Two  types  of  mill  are  made,  one  a  friction  machine  for  more 
massive  material  and  the  other  a  high-speed  impact  machine. 
Plauson  speaks  of  peripheral  velocities  of  200  meters  per  second, 
corresponding  to  12,000  revolutions  per  minute.  Even  at  40 
meters  per  second  he  breaks  material  into  particles  that  remain 
suspended  in  suitable  liquids.  The  material  to  be  disintegrated 
is  mixed  with  a  nonconducting  liquid  and  fed  into  the  mill. 
Because  of  their  coagulating  action  in  the  presence  of  traces  of 
moisture,  electrolytes  are  often  excluded.  In  fact  a  "disperser" 
is  generally  added  to  nullify  their  effect.  This  disperser  may  be 
a  protective  colloid,  but  sodium  hydroxide  or  ammonia  are  gen- 
erally used. 

Plauson  proposes  to  disintegrate  oil  shale  in  the  presence  of 
water  so  that  the  oil  emulsifies  in  the  water.  The  emulsion  is 
removed  and  broken  after  settling  of  the  sludge.  He  makes 
blanc  fixe  by  mere  pulverizing  of  barytes  instead  of  by  precipi- 
tation methods. 

Cellulose  will  be  disintegrated  into  a  product  of  such  enor- 
mously increased  surface  that  it  is  attacked  by  reagents  at  a 
velocity  not  known  at  present.  Viscose  silk  will  be  made  more 
readily.  Cellulose  will  be  saccharified  and  converted  into  alcohol 
with  increased  ease.  Rubber  manufacturers  will  get  finer 
particles  of  all  material  and  a  better  mix.  Paint  makers  will 
have  an  additional  means  of  varying  the  tint  and  covering  power 
of  pigments. 

In  order  to  concentrate  his  product  Plauson  invented  an  ultra- 
filter.  With  this  he  also  expects  to  dehydrate  clays  and  to 
extract  oil  from  oil  seeds. 

Adsorbent  Gels 

The  recent  successful  development  of  gas  mask  charcoals 
did  much  to  attract  attention  to  the  possibilities  of  adsorbent 
gels.  These  products  as  used  are  not  jelly-like  at  all,  but  hard, 
and,  in  some  cases,  almost  glassy  in  feel  and  appearance.  But 
since  they  are  dried  gels  the  name  sticks.  The  best  known  so 
far  is  Patrick's  silica  gel,  although  several  others  have  been  made. 
Silica  gel  is  easily  prepared  by  adding  hydrochloric  acid  to  water 
glass.  A  firm  jelly  or  gel  soon  sets.  This  is  broken  into  lumps, 
washed,  and  dried.  After  "activating,"  or  heating  to  about 
150°  C,  it  is  ready  for  use.  This  activation  drives  off  water 
with  resultant  formation  of  a  vast  number  of  minute  capillaries. 
1  Received  March  16,  1923.  Presented  before  the  Division  of  Industrial 
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The  diameter  of  such  a  capillary  is  probably  only  a  small  multiple 
of  the  diameter  of  a  molecule.  It  is  this  vast  internal  surface 
that  makes  such  a  gel  a  powerful  gas  adsorbent. 

Silica  gel  can  take  up  water  about  as  well  as  does  concentrated 
sulfuric  acid;  hence,  it  can  be  used  in  drying  the  air  fed  into  a 
blast  furnace.  On  moderate  heating  the  gel  is  regenerated. 
Since  the  Gayley  dry  blast  is  said  to  increase  the  output  of  a 
furnace  10  per  cent  and  save  10  per  cent  of  the  coke,  it  is  evident 
that  there  is  a  great  possibility  for  the  gel  in  this  respect  alone. 

This  same  water-adsorbing  power  points  to  a  large  use  in 
vacuum  ice  plants.  By  adsorption  of  water  vapor  enough  cool- 
ing is  produced  to  freeze  part  of  the  water. 

Gasoline  may  be  preferentially  adsorbed  from  natural  gas  or 
from  still  mixtures  and  released  again  on  moderate  heating. 
The  recovery  of  benzene  from  by-product  gases  is  of  the  same 
order.  Oxides  of  nitrogen  may  be  recovered  from  all  nitration 
processes  and  in  the  manufacture  of  nitric  acid  itself.  Loss  of 
the  catalytic  oxides  of  nitrogen  in  the  lead  chamber  process 
may  be  prevented  by  the  use  of  silica  gel. 

A  vast  amount  of  sulfur  dioxide  is  wasted  in  various  industries 
as  dilute  gas  (1  to  4  per  cent  SO2).  By  adsorbing  this  gas  in  a 
gel  it  may  be  delivered  again  in  any  concentration.  This  facil- 
itates the  manufacture  of  liquid  sulfur  dioxide,  which  in  turn  is 
used  in  sulfite  pulp  manufacture,  refrigerating  plants,  etc.  Lead 
chamber  plants  usually  operate  on  8  per  cent  sulfur  dioxide. 
With  higher  concentrations  delivered  from  a  gel  a  greater  work- 
ing efficiency  per  cubic  foot  could  be  secured. 

But  such  gels  do  more  than  adsorb  certain  gases.  They  ad- 
sorb material  from  liquids.  For  example,  silica  gel  removes 
sulfur  compounds  from  crude  petroleum  or  from  any  of  its 
fractions. 

The  formation  of  gums  and  resins  in  gasoline,  the  poor  burning 
quality  of  kerosenes  containing,  in  addition  to  sulfur,  a  large 
percentage  of  unsaturated  hydrocarbons,  the  sludges  deposited 
in  lubricating  oils,  and  finally,  the  discoloration  of  wax  on  ex- 
posure to  light,  are  all  directly  due  to  the  presence  of  sulfur. 

Concentrated  sulfuric  acid  has  serious  limitations  as  a  re- 
fining agent,  for  not  only  does  it  fail  to  remove  all  the  objec- 
tionable sulfur  compoimds,  but  it  does  remove  unsaturated 
hydrocarbons  of  considerable  value  to  gasoline. 

These  inert  silica  gels  serve  as  excellent  supports  for  catalysts 
because  of  the  enormous  surface  offered. 

Sulfite  Pulp  Waste 

About  one-half  the  weight  of  wood  is  lignin,  and  in  the  sep- 
aration of  cellulose  from  wood  for  paper  pulp  all  this  lignin  is 
wasted.  The  concentrated  sulfite  pulp  liquor  is  a  powerful 
adhesive  after  drying  to  a  hard  solid,  yet  it  softens  and  dis- 
integrates in  the  presence  of  moisture.  If  it  could  be  made 
waterproof  after  drying,  this  liquor  would  be  of  enormous  value 
as  a  cheap  road-binder,  in  making  smokeless  briquets  from 
hard-coal  dust,  in  roofing  preparations,  and  as  an  adhesive  in 
making  fiber  containers. 

SynerESis 

By  "syneresis"  is  meant  the  separation  of  a  liquid  from  a  gel 
after  standing  some  time.  This  is  a  very  common  phenomenon 
and  we  need  to  know  more  about  its  control.  Lubricating  greases 
"break"  or  separate  free  oil  from  the  soap-oil  gel  after  a  time. 
A  small  amount  of  water  is  emulsified  in  these  greases  in  order 
to  check  this  undesirable  syneresis.     The  staling  of  bread  has 
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been  blamed  on  syneresis  with  quick  evaporation  following. 
Since  nearly  10  per  cent  of  aU  bread  balced  commercially  goes 
stale,  the  loss  is  very  great.  Katz  offers  another  explanation 
for  the  change  in  bread,  but  whatever  the  theory  advanced, 
it  seems  to  be  a  colloid  problem. 

Smoke  Settling 

Bancroft's  suggestion  that  a  smoky  fog  over  London  or  Pitts- 
burgh might  be  settled  by  blowing  electrified  sand  from  an 
airplane  is  arousing  much  interest.  To  carry  the  suggestion 
further,  why  not  send  up  (or  down,  as  convenient)  a  counter 
smoke  or  fog  with  particles  of  an  electric  charge  opposite  to  that 
on  the  objectionable  fog?  Mutual  precipitation  might  result, 
as  Gibbs  has  indicated.  Bancroft's  device  may  have  an  impor- 
tant use  in  causing  rainfall  under  favorable  conditions. 
Emulsions 

The  use  of  gum  dammar  in  making  emulsions  of  the  water-in- 
oil  type  has  recently  been  patented.^  Hitherto,  heavy-metal 
soaps  and  lanolin  have  been  used  for  this  purpose,  but  there  are 
distinct  advantages  in  the  use  of  gum  dammar.  By  its  aid 
printer's  ink  as  well  as  lithograph  ink  may  be  heavily  diluted 
with  water  without  loss  of  essential  properties.  Screens  for 
color  photography  may  easily  be  prepared  by  use  of  this  gum  in 
dispersing  dyed  drops  of  gelatin  water  throughout  a  volatile 
solvent.  In  general,  any  substance  soluble  in  water,  glycerol, 
or  alcohol  may  be  dispersed  as  an  emulsion  in  various  fatty  and 
hydrocarbon  oils.  It  is  enough  if  a  material  be  wet  by  the  water 
more  readily  than  by  the  oil. 

There  are  many  problems  of  an  emulsion  nature  yet  to  be 
solved.  As  Clayton  suggests,  we  need  a  centrifugal  emulsifier 
that  will  remove  the  emulsified  drops  as  fast  as  dispersed.  The 
increase  in  viscosity  with  increasing  richness  of  an  emulsion  inter- 
feres with  free  splashing  and  smashing  of  drops  to  be  broken  down. 

Perhaps  in  its  earlier  stages  an  emulsion  may  best  be  prepared 
by  shaking  or  beating,  but  when  it  becomes  too  viscous  for  easy 
agitation  it  should  be  ground  in  some  sort  of  a  mortar  device. 

Clayton  suggests  that  the  amount  of  free  air  in  a  splash  bottle 
has  an  influence  on  the  effect  due  to  changing  the  speed  of  shak- 
ing. The  emulsifying  agent,  always  colloidal,  may  be  adsorbed 
at  the  surface  of  each  air  bubble  and  thus  introduce  complica- 
tions. It  is  probable,  also,  that  with  increasing  additions  of  oil 
and  increasing  viscosity  of  emulsion  the  speed  of  agitation  should 
change.  Perhaps  the  time  of  agitation  after  each  successive 
addition   should   change. 

There  is  room  for  research  in  breaking  emulsions.  The  water- 
in -oil  emulsions  of  some  petroleums  carrying  asphaltic  bodies 
have  been  obstinate.  Since  they  carry  as  high  as  40  per  cent 
water  the  situation  is  serious.  Electric  precipitation  of  water 
drops  has  been  fairly  successful.  Addition  of  a  hydrophile 
colloid  that  would  disperse  in  the  water  drops  and  so  offer  a 
counter  emulsifying  effect  opposing  that  of  the  asphalt  in  the 
oil,  has  been  tried  with  good  results  on  some  oils.  Phenol, 
soluble  in  both  oil  and  water,  has  been  used  to  carry  hydrogen 
ions  into  the  water  drops,  thus  neutralizing  the  negative  charge 
on  the  drops. 

Wetting  Power 

The  ability  of  a  liquid  to  spread  over  a  solid  is  measured  as 
"wetting  power."  It  is  influenced  by  low  surface  tension  of 
the  liquid,  by  high  superficial  viscosity  of  the  liquid,  and  by 
adsorption  of  the  liquid  at  the  solid  surface.  Wetting  power 
may  be  measured  by  the  contact  angle  between  liquid  and  solid 
and  a  device  for  such  accurate  measurement  is  now  on  the  market. 

Since  wetting  power  is  of  great  importance  in  emulsification, 
flotation  of  minerals,  lubrication,  application  of  sprays  and 
dips  to  plants  and  animals,  it  is  obvious  that  there  is  work  worth 
doing  in  this  field.  Coal  dust  may  be  separated  from  slate  by 
utilizing  the  fact  that  coal  is  more  readily  wet  by  oil  than  by 
2  U.  S.  Patent  1,429, 430  (September  19,  1922). 


water  while  the  opposite  is  true  of  slate  particles.  This  is  the 
principle  that  enables  us  to  concentrate  sulfide  ores  (and  some 
others)  by  flotation  in  an  oily  froth.  Why  not  study  the  flota- 
tion, by  preferential  wetting,  of  factory  dust?  A  cheap  salvage 
of  particles  of  value  is  possible. 

Chick  and  Martin^  believe  that  with  coal-tar  disinfectants 
the  bacteria  are  adsorbed  on  the  emulsified  particles  of  the  tar 
acid,  thus  being  brought  into  contact  with  disinfectant  in  a 
most  concentrated  form.  A  poisonous  dip  for  cattle  was  given 
increased  wetting  power,  thus  permitting  its  sodium  arsenite 
content  to  be  lowered  to  a  point  not  injurious  to  cattle.  By 
this  means  the  cattle  tick  was  conquered  over  wide  areas. 
Lubrication 

"Oiliness"  is  a  term  now  much  used  to  name  the  property 
of  maintaining  a  film  of  lubricant  between  shaft  and  bearing. 
This  property  depends  to  some  extent  on  surface  tension  and 
viscosity,  but  is  also  greatly  influenced  by  the  adsorption  of  the 
lubricant  on  the  metal  bearing  surfaces.  Obviously,  a  change 
in  the  bearing  changes  the  extent  or  intensity  of  adsorption. 

Heavy  mineral  oils,  according  to  Dunstan  and  Thole,'  are 
probably  iso-coUoids — that  is,  polyphase  systems  in  which  the 
dispersed  component  is  of  the  same  chemical  nature  as  the  dis- 
persion medium. 

These  larger  molecular  aggregates  of  the  oil  by  lowering  surface 
tension  should  concentrate  at  the  oil-metal  interface.  Doubt- 
less, this  film  is  the  actual  lubricant.  Dunstan  and  Thole  be- 
lieve that  certain  unsaturated  constituents  of  oils  promote  oil- 
iness by  forming  a  physico-chemical  union  with  the  bearing 
surface.  Stanton,  Archbutt,  and  Southcombe*  recently  an- 
nounced that  by  adding  1  per  cent  of  free  fatty  acid  to  a 
mineral  oil  they  decreased  friction  as  much  as  by  the  presence  of 
60  per  cent  of  pure  rape  oil. 

In  general,  we  must  learn  exactly  what  constituents  of  fatty  ^ 
oils  and  mineral  oils  give  the  greatest  lubricating  effect.  Possibly 
we  may  synthesize  new  products  that  may  be  coUoidally  dis- 
persed in  some  neutral  liquid  and  be  powerfully  adsorbed  by 
bearing  surfaces  to  form  the  proper  sort  of  films. 

The  Deeley  friction  machine  and  the  Lanchester  oil  gear- 
testing  machine  are  now  available — at  a  high  price.  Bingham' 
proposes  to  measure  oiliness  by  use  of  an  inclined  plane  device 
and  by  the  use  of  a  lubricant  as  a  cutting  oil. 

Carbon  Black  and  Lampblack 

When  natural  gas  is  burned  with  insufficient  air,  the  smoky 
flame  yields  carbon  black  on  chilling  with  a  metal  surface.  Sim- 
ilar combustion  of  oils,  pitches,  and  tars  yields  lampblack,  an 
inferior  product.  Carbon  black  is  essential  as  the  pigment  in 
printer's  ink  and  as  a  filler  for  rubber  tires.  When  natural  gas 
is  exhausted  we  shall  have  the  problem  of  making  an  adequate 
substitute  for  carbon  black.  Lampblack  particles  are  covered 
with  a  film  of  tarry  material,  so  it  is  proposed  that  such  carbon 
particles  be  chilled  at  a  temperature  too  high  for  condensation 
of  oily  or  tarry  matter.  This  is  a  step  in  the  right  direction. 
Carbon  black  particles  are  the  smallest  of  all  such  blacks. 
Glass  and  Enamel 

Since  ions  exist  in  melted  salts,  there  is  a  possibility  that 
certain  ions  in  melted  glass  or  enamel  may  peptize  (subdivide 
or  protect)  a  pigment  added  to  the  melt.  Coagulation  by  ions 
may  also  merit  study  in  such  systems.  The  composition  of 
enamels  might  be  changed  so  as  to  introduce  desirable  ions  or 
even  protective  colloid  material. 

Paper  and  Paints 

When  uniform  spherical  particles  are  closely  packed,  each  one 
touching  twelve  others,  they  occupy  about  74  per  cent  of  the 
'  J.  Hyg..  8,  698  (1914). 
^  J.Inst.  Petroleum  Tech..  4,  191  (1918). 
i  Engineering.  108,  758  (1919). 
•  Bur.  .Standards,   Tech.  Paper  204  (1922). 
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total  volume.  Yet  smaller  spheres  may  be  added  to  occupy 
part  of  the  26  per  cent  of  voids.  Still  smaller  ones  added  to 
these  wiU  further  help  to  fill  voids.  Why  not  apply  this  prin- 
ciple in  making  a  thin  paper  more  opaque?  If  different  sizes 
of  appropriately  graded  clay  filler  were  added,  more  clay  could 
be  carried  in  a  given  volume,  thus  making  a  denser  paper.  Of 
course,  any  clay  filler  is  made  up  of  mixed  sizes,  but  some  study 
of  the  most  effective  differences  in  size  should  be  worth  while. 
The  same  reasoning  applies  to  the  manufacture  of  a  paint  of 
ma.ximum  hiding  power. 

Many  other  possible  developments  of  industry  along  colloidal 
lines  could  be  mentioned.  A  factory  waste  suspended  in  water 
might  be  precipitated  by  formation  of  countless  minute  air 
bubbles.  Adsorption  films  should  form  at  the  bubble-water 
interface.  Added  salts  might  aid  this  partial  coagulation.  The 
de-inking  of  old  newspapers  (7000  tons  wasted  daily)  by  loosen- 


ing the  carbon  black  with  dilute  alkali  and  then  adsorbing  the 
carbon  on  a  colloidal  clay  such  as  bentonite,  which  carries  the 
black  right  through  a  paper  filter,  is  an  assured  success,  according 
to  the  United  States  Forest  Products  Laboratory.  Saklatwalla" 
proposes  adsorption  of  gases  ou  metals  as  a  criterion  of  corrosion. 
He  notes  the  fact  that  the  metals  least  corroded — such  as  plati- 
num, palladium,  and  tungsten — are  the  ones  that  can  adsorb 
large  volumes  of  gases. 

Fundamental  properties  of  colloidal  systems  must  be  studied 
first.  Applications  will  follow  readily  enough.  Colloid  fellow- 
ships would  greatly  aid  in  increasing  our  knowledge  of  these 
fundamentals  and  also  serve  to  train  men  who  could  apply  these 
principles  to  the  industries.  Such  fellowships  could  be  sup- 
ported by  a  single  company  interested  in  contributing  its  share 
to  the  common  fund  of  knowledge,  or  by  a  group  of  industries, 
s  Chem.  Mel.  Eng..  27,  647  (1922). 
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BEFORE  attempting  to  establish  the  relation  of  safety 
to  efficiency  in  any  industry,  or  in  industry  as  a  whole, 
we  must  define  the  terms  and  compare  the  basis  of  meas- 
urement. The  occurrence  of  accidents,  either  their  number 
(frequency)  or  their  extent  (severity),  is  the  index,  not  of  safety, 
but  of  its  reciprocal,  the  hazard.  The  basis  of  measurement 
is  exposure,  expressed  either  as  man-hours  (payroll-hours)  or, 
»vhere  the  number  of  hours  of  exposure  per  day  is  practically 
constant  or  where  a  statistical  day  is  assumed,  simply  as  men. 
The  precise  form  in  which  the  basis  is  applied  is  immaterial — 
what  we  should  keep  in  mind  is  that  it  expresses  human  exposure 
to  accident. 

Relation  between  Safety  and  Efficiency 

The  index  of  efficiency  in  the  engineering  sense  is  output, 
and  the  base;  input,  both  being  expressed  in  the  same  units. 
In  industry  these  units  are  always  material — so  many  thousand 
bottles,  or  so  many  tons  of  castings — but  never  so  many  thousand 
human  beings,  or  so  many  thousand  payroll-hours.  Obviously, 
then,  we  cannot  directly  compare  safety  and  efficiency,  since  we 
do  not  measure  them  by  the  same  yardstick.  We  do,  however, 
express  output  as  so  much  production  per  man,  and  this  we  may 
compare  with  accident  occurrence  since  both  are  calculated  on 
the  basis  of  exposure  (man-hours). 

We  all  know  that  output  depends  upon  the  mental  and  physical 
equipment  of  the  individual  worker,  the  mechanical  equip- 
ment furnished  him  for  doing  his  work,  upon  the  condition  of 
these  three  forms  of  equipment,  and  upon  the  skill  and  energy 
with  which  he  employs  them.  So  also  with  accident  prevention — 
it  depends  upon  mental,  physical,  and  mechanical  equipment, 
and  upon  the  degree  to  which  it  is  successfully  applied  by  the 
individual.  The  degree  to  which  any  given  equipment  is  success- 
fully applied  to  its  purpose  is  in  a  general  sense  its  efficiency, 
and  so  we  may  write  down  that  both  output  and  safety  depend 
upon  the  mental  and  physical  efficiency  of  the  worker  and  upon 
the  mechanical  efficiency  of  his  working  equipment.  If  we  in- 
crease any  one  of  these  we  shall  expect  to  find  a  simultaneous 
increase  in  output  and  safety,  provided  that  which  we  tenn 
"efficiency"  is  in  each  case  true  efficiency. 

*  Received  March  24,  1923.  Presented  before  the  Division  of  Industrial 
and  Engineering  Chemistry  at  the  65th  Meeting  of  the  American  Chemical 
Society,  New  Haven,  Conn..  April  2  to  7,  1923. 

=  Manager,  Safety  Division,  Service   Department. 


As  illustration  let  us  consider  the  handling  of  acid  in  carboys 
in  comparison  with  the  use  of  tank  cars.  The  carboy  method 
is  mechanically  less  efficient  because  of  higher  acid  los.ses.  These 
arise  principally  from  (a)  overflow  or  leakage  while  filling,  (6) 
breakage  or  leakage  in  transportation,  (c)  leakage  or  loss  while 
emptying,  (d)  acid  residue  after  emptying.  There  are  also 
evaporation  losses  which  are  probably  not  material  with  proper 
stoppering. 

With  tank  cars  there  are  corresponding  possibilities  of  loss,  but 
if  the  equipment  is  given  inspection  and  repair  commensurate 
with  the  value  of  the  container  and  its  contents,  the  total  losses 
I)er  unit  of  acid  handled  are  actually  less. 

In  the  matter  of  injury  occurrence,  the  use  of  carboys  is  much 
more  hazardous  than  the  use  of  tank  cars.  Men  are  apt  to  be 
l^urned  if  carboys  overflow  while  tilling,  or  if  they  break,  or  if 
they  are  emptied  carelessly,  or  if  they  contain  a  small  amount 
of  acid  when  thought  to  be  empty.  It  is  true,  if  a  tank  car  starts 
a  leak  its  entire  contents  may  be  lost,  but  such  leaks  are  infinitely 
less  frequent  than  instances  of  carboys  breaking,  and  after  all 
it  is  generally  the  first  contact  with  acid  rather  than  the  total 
amount  of  acid  liberated  that  is  associated  with  the  injur)-. 
However  this  may  be,  the  interesting  point  is  that  the  mechanical 
conditions  which  cause  losses  and  lower  the  mechanical  efficiency 
of  the  process  are  exactly  the  same  conditions  which  cause  in- 
juries to  the  workers. 

Extra  Hazards  in  Chemical  Industry 

Each  material  handled  in  industry  has  its  own  potentiality 
for  causing  accidents — heavy  materials  crush  by  their  weight, 
sharp  materials  cut  or  abrase,  hot  materials  bum  or  scald — but 
in  the  chemical  industry  we  encounter  materials  with  additional 
properties — for  example,  materials  such  as  acids  and  caustics 
which,  though  cold,  cause  bums;  materials  which  give  off  cor- 
rosive, suffocating,  or  toxic  vapors;  materials  which  poison 
through  the  unbroken  skin;  materials  subject  to  sudden  and  per- 
haps violent  decomposition,  etc.  So  also  with  the  processes 
in  which  the  materials  are  employed;  they  have  the  common 
mechanical  hazards  inherent  to  a  mechanical  process  plus  ad- 
ditional hazards  introduced  by  the  presence  of  materials  with 
extrahazardous  characteristics.  By  way  of  illustration,  we  may 
think  of  a  workman  whose  eye  is  struck  by  a  particle  thrown 
from  the  basket  of  a  centrifugal  wringer.  Ordinarily,  the  result 
is  a  slight  abrasion  of  the  cornea,  but  if  the  particle  is  caustic 
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the  abrasion  is  complicated  by  a  caustic  burn.  One  readily  sees, 
then,  that  the  accident  hazards  of  the  chemical  industry  should 
be   intrinsically  greater   than  those  of  general   industry. 

It  is  natural  that  the  chemical  industry  should  have  acquired 
the  reputation  of  being  inherently  hazardous,  and  we  will  grant 
that  accidents  at  many  chemical  plants  have  been  frequent 
and  often  severe,  and  that  the  materials  themselves  and  there- 
fore the  processes  in  which  they  are  involved  may  be  more 
liazardous  than  other  corresponding  industrial  processes  not 
employing  hazardous  materials.  This  may  be  the  case,  however, 
without  the  industry  itself  or  any  typical  plant  of  the  industry 
lieing  "inherently"  hazardous  in  the  sense  that  the  extra  hazards 
cannot  be  obviated. 

We  have  already  seen  that  safety  is  dependent,  not  alone  on 
mechanical  efficiency,  but  upon  mental  and  physical  efficiency  as 
well,  and  in  the  well-regulated  chemical  plant  a  wholesome  re- 
spect for  the  accident-causing  properties  of  the  materials  being 
handled  may  quite  offset  the  extra  hazards  of  the  materials 
themselves — in  other  words,  the  greater  material  hazards  are 
balanced  by  higher  mental  and  physical  efficiency  in  the  organiza- 
tion. To  accomplish  this  employees  need  not  be  necessarily  higher 
jiaid  or  of  higher  mental  caliber,  but  they  must  at  least  be  care- 
ful y  instructed  in  the  hazards  of  the  processes  as  well  as  in  their 
regular  duties.  Furthermore,  they  must  be  carefully  super- 
x'ised  in  their  work.  The  motto  of  a  chemical  plant  must  be 
literally  "Safety  First,"  not  set  forth  as  a  mere  bulletin  board 
slogan,  but  as  a  working  precept  in  which  the  plant  management 
devoutly  believes.  When  such  question  arises  safety  must  ac- 
tually take  precedence  over  production  and  quality,  for  if  safety 
is  sacrificed  both  production  efficiency  and  quality  efficiency 
will  suffer.  No  plant  manager  need  fear  to  enunciate  the  prin- 
ciple of  "Safety  First." 

CoMP.iRisoN  OF  Accident  Records  of  Che.mic.'^l  .^nd  Non- 
chemical  Operations 
E.  I.  du  Pont  de  Nemours  &  Company  has  chemical  plants 
manufacturing  high  explosives,  smokeless  powder,  acids,  char- 
coal, dyestuffs,  certain  cellulose  products,  and  chemical  labora- 
tories, etc.  It  also  has  what  might  be  termed  "nonchemical 
operations,"  including  plants  manufacturing  paints,  other  cellu- 
lose products,  blasting  caps,  boxes,  shooks,  etc.,  and  also  mis- 
cellaneous construction  work.  (The  manufacture  of  black  pow- 
der, a  mechanical  operation  with  chemical  hazards,  is  in  an  anom- 
alous class  and  has  been  excluded.)  For  the  year  1922  the  rela- 
tive accident  records  of  these  two  groups  were  as  follows; 


Payroll  force 

Injury  frequency  rate 


Chemical 
3269 


4700 

34 
1.09 


In  this  comparison  there  is  nothing  to  suggest  the  presence 
of  a  preponderant  chemical  hazard,  and  on  a  well-established, 
well-ordered  plant  one  generally  finds  that  the  process  men  as 
a  group  are  as  well  able  to  maintain  a  long  record  without  injury 
as  the  mechanical  group.  In  fact,  the  most  frequent  general  cause 
of  injury  in  any  group  is  handling  of  objects  such  as  boxes, 
barrels,  or  other  containers  by  hand. 

The  foregoing  relates  to  frequency  of  accidents  and  lost  time 
from  accidents.  Lost  time,  however,  is  not  a  true  measure  of 
severity,  but  must  be  weighted  for  mutilations  (permanent  dis- 
ability cases)  and  death.  If  such  basis  of  comparison  is  used 
we  find  that  chemical  plants  rate  higher  than  nonchemical  plants, 
owing  to  the  more  frequent  occurrence  of  serious  injuries  and 
fatalities  in  the  former.  The  extreme  condition  is  probably  en- 
countered in  explosive  manufacture,  where  a  relative  trivial  occur- 
rence that  would  under  ordinary  conditions  cause  only  a  slight 
injury,  or  even  no  injury  at  all,  leads  to  an  explosion  and  death. 

Effect  of  Emergency  Methods 

It  has  been  pointed  out  that  accident  frequency  is  low  in  a  well- 
established  chemical  plant.     It  is  unfortunate,  however,   that 


many  chemical  plants  cannot  be  termed  "well  established," 
because  processes  are  constantly  being  altered  and  more  or  less 
temporary  or  makeshift  equipment  is  in  daily  use.  Further- 
more, there  constantly  arises  the  necessity  of  employing  what 
might  be  called  "emergency  methods" — methods  not  followed 
in  regular  and  standardized  operating  practice,  but  evolved  on 
the  spur  of  the  moment  either  after  breakdown  or  other  stoppage 
of  operations  through  unforeseen  circumstances  or  upon  starting 
up  a  new  operation.  In  the  Dye  Works  of  the  du  Pont  Com- 
pany during  1922,  sixty  per  cent  of  the  injury  severity  rate 
was  due  to  such  emergency  methods.  For  its  interest  in  this 
connection  the  following  is  quoted  from  instructions  sent  out  by 
the  Works  Safety  Committee: 

The  use  of  "emergency  methods"  is  at  present  unavoidable 
and  this  Committee,  recognizing  this  fact,  desires  to  secure  your 
cooperation  in  minimizing  the  dangers  of  their  employment. 
In  view  of  the  fact  that  these  methods  are  evolved  under  stress, 
the  Committee  wishes  that  checks  of  the  following  nature  be 
considered ; 

(1)  Responsibility  for  use  of  emergency  methods  be  clearly 
placed  on  supervisors  and  foremen — i.  e.,  use  of  these  methods 
must  have  their  O.  K. 

(2)  Someone  in  a  supervisory  capacity  should  be  present  until 
difficulties  have  been  overcome  and  operation  is  moving  normally 
or  has  been  shut  down  safely. 

(3)  Great  care  should  be  taken  to  thoroughly  prote(  t,  by 
means  of  goggles,  gloves,  etc.,  all  men  working  under  emergency 
conditions. 

One  reads  in  such  injunctions  the  result  of  close  scrutiny  of  work- 
ing conditions  and  an  evident  indication  of  practical  rather  than 
emotional  efforts  to  prevent  accidents. 

Need  of  Plant  Discipline 

Discipline  in  a  chemical  plant  must  be  strictly  maintained, 
for  in  no  other  industry  is  there  greater  possibility  of  injury  to 
others  and  destruction  of  property  through  the  thoughtless  act 
of  a  careless  man.  The  first  and  indispensable  step  towards 
proper  discipline  is  a  careful  investigation  of  every  accident, 
major  or  minor.  We  hesitate  to  use  the  expression  "fixing  the 
responsibility,"  but  the  extent  of  the  responsibility  of  the  in- 
dividual, the  foreman,  the  superintendent,  and  the  management 
must  be  determined,  not  on  the  basis  of  actual  results,  but  upon 
the  basis  of  what  might  readily  have  happened.  It  is  generally 
stated  that  75  to  80  per  cent  of  accidents  are  caused  by  the 
carelessness  or  ignorance  of  the  employee.  This  is  open  to 
question.  It  is  probably  true  that  75  to  80  per  cent  might  have 
been  prevented  by  greater  care  or  by  display  of  greater  intelli- 
gence on  the  part  of  the  employee,  but  many  might  also  have  been 
prevented  by  foresight  and  action  on  the  part  of  the  foreman, 
the  superintendent,  or  the  management.  In  fact,  accidents  for 
which  the  responsibility  is  single  are  the  exception  rather  than 
the  rule.  Humanly,  the  blame  is  generally  placed  "on  the 
other  fellow." 

In  this  connection  the  following  assignment  of  responsibility 
for  du  Pont  Company  injuries  in  1921  is  of  interest: 


V  ,1  avoidable: 

Unknown  physical  deficiency 
Risk  of  employment 

Total 

Fault  of  employer: 

Defective  construction  or  equipment 
Lack  of  proper  safety  appliances 
Lack  of  proper  supervision 

TOTAI. 

Fauli  of  injured: 

Negligence  or  lack  of  skill 

Disobedience 

Failure  to  use  safety  appliances 

Failure  to  report  injury 

ToTAl, 
Fault  of  fellow-emplovee: 

Neghgence  or  lack  of  skill 

Disobedience 
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This  tabulation  is  a  frank  statement  of  findings,  and  definitely 
contraverts  the  loose  statement  that  the  majority  of  injuries  are 
caused  by  the  neghgence  or  ignorance  of  the  man  injured.  One 
wonders  what  would  be  shown  in  a  similar  tabulation  of  the 
experience  of  a  large  corporation  which  had  not  consistently 
expended  money  and  effort  in  accident  prevention. 

Next  in  importance  to  proper  discipline  is  the  careful  selection, 
assignment,  and  instruction  of  new  employees.  Du  Pont  Com- 
pany experience  shows  that  the  accident-frequency  rate  for  em- 
ployees of  less  than  one  month's  service  is  twice  that  of  em- 
ployees of  one  year's  ser\-ice  or  over.  If  there  are  special  hazards 
from  toxic  materials,  new  employees  should  be  physically  ex- 
amined, graded,  and  assigned  only  to  employment  to  which  they 
are  suited.  At  the  Dye  Works,  for  example,  accepted  appli- 
cants are  physically  graded  into  three  active  classes  and  a  fourth 
class  to  which  employees  are  assigned  for  light  work  only.  Em- 
ployees of  the  first  two  classes  are  physically  examined  each 
month.  The  various  operations  are  also  graded  into  four  corre- 
sponding classes.     The  first  class  involves  exposure  to  nitro  and 


amido  bodies;  in  the  second  class,  these  bodies  are  present  but 
direct  contact  with  them  is  unlikely;  in  the  third  class,  such 
bodies  are  absent  or  contact  with  them  is  practically  impossible; 
the  fourth  class  covers  miscellaneous  light  work.  No  employee 
of  one  class  is  permitted  to  work  in  a  process  of  a  more  hazardous 
class,  this  restriction  applying  also  to  mechanical  and  labor 
department  employees,  who  are  graded  in  the  same  manner  as 
the  process  workers. 

Much  might  be  written  of  other  essentials  of  a  safe  chemical 
plant,  the  least  of  which  is  by  no  means  scrupulous  cleanliness  in 
mechanical,  structural,  and  human  equipment.  The  same  out- 
standing deduction,  however,  is  to  be  drawn  in  every  case — that 
what  reduces  accidents  makes  also  for  increased  efficiency.  It 
is  sometimes  difficult  to  show  in  book  values  the  profits  that  accrue 
from  organized  safety  work,  properly  conceived  and  conscien- 
tiously carried  out,  because  such  profits,  though  real,  are  often  in- 
tangible. On  the  other  hand,  no  one  will  gainsay  the  economy  of 
"efficiency,"  and  if  safety  and  efficiency  go  hand  in  hand,  what 
greater  encouragement  to  prevent  accidents  should  we  demand? 


Recent  Important  Investigations  in  the  Chemistry  of  Rubber, 
and  Substantiation  of  the  CsHg  Ratio' 


By  Harry  L.  Fisher 

The  B.  F.  Goodrich  Co.,  Akron,  Ohio 


A  reoiew  has  been  given  of  the  more  important  recent  inoesliga- 
tions  on  the  chemistry  of  rubber  showing  the  following  results: 

(/)  Substantiation  of  the  CsHs  ratio  and  the  dHs  nucleus  as 
the  fundamental  grouping  in  the  rubber  hydrocarbon,  and  the 
presence  of  a  double  bond  for  each  CiHs  nucleus. 

(2)  Hydrogenation  of  rubber  directly  and  in  solution  has  been 
accomplished. 


(5)  Studies  in  oxidation  have  produced  new  products,  especially 
(CM.Oh. 

{4)  Viscosity  measurements  have  shown  that  the  change  during 
the  heating  of  a  solution  of  rubber  is  reversible,  provided  air  is  ex- 
cluded. 

(5)  Concentrated  sulfuric  acid  on  a  rubber  solution  produces 
what  appears  to  be  an  isomerized  rubber. 


NOT  since  the  publication  of  Harries'  work  on  the  ozonides 
and  hydrohalides  of  rubber  a  decade  ago  has  so  important 
a  paper  on  the  chemistry  of  rubber  come  forth  as  that  by 
Pummerer  and  Burkard.-  These  chemists  have  accomplished 
the  "impossible" — they  have  hydrogenated  rubber  at  ordinary 
temperatures.  Furthermore,  by  extremely  careful  work  they 
have  substantiated  by  analysis  that  the  empirical  formula  of 
the  rubber  hydrocarbon  is  CsHs,  and  by  their  method  of  hydro- 
genation that  each  CsHs  nucleus  does  contain  a  "double"  bond. 

The  CsHs  Ratio 

It  is  interesting  that  their  paper  should  come  out  at  the  same 
time  that  serious  questions  were  being  raised  concerning  the 
empirical  formula  of  rubber.  Kirchhof  has  given  much  time 
in  reviewing  the  work  of  many  authors,  including  himself,  in 
an  effort  to  show  that  the  empirical  formula  is  C10H17  (instead 
of  C10H16,  which  is  the  same  ratio  as  CsHs) ,  and  indeed  the  array 
of  evidence  is  considerable.  However,  he  presents  the  figures 
only  and  does  not  at  the  same  time  compare  the  methods  of 
preparation  of  the  samples  for  analysis.  Pummerer  and  Burkard 
were  unusually  careful  in  this  regard.  They  recognized  the  ease 
of  oxidation  of  pure  rubber  and  how  readily  a  small  amount  of 
oxidation  which  will  vitiate  an  analysis  can  occur.  Therefore, 
although  they  used  Harries'  procedure  in  general,  they  protected 

'  Received  February  23,  1923.  Presented  before  the  Division  of  Rubber 
Chemistry  at  the  65th  Meeting  of  the  American  Chemical  Society,  New 
Haven.  Conn,,  April  2  to  7,  1923. 

=  Ber.,  66,  3458  (1922);  C.  A.,  17,  898  (1923). 

'  KoUoidchem.  Beihefle.  16,  47  (1922);  C.  A.,  16,  4363  (1922). 


the  rubber  all  the  time  by  keeping  it  in  an  atmosphere  of  carbon 
dioxide.  The  results  of  their  analyses  are  so  good  and  so  im- 
portant that  it  seems  worth  while  to  give  them  here.  Harries' 
best  result  is  also  given  for  the  sake  of  comparison. 


11.791 
11.85  f 
11.81  I 


Calculated  88.15  11.85 

i  87.99) 

Burkard Found      87 .  99         8^ 

87.89) 
Harries' Found  87.85  12.28 

Presence   of   Double   Bonds   Shown   by   Addition   of 
Hydrogen 

The  other  serious  question  settled  by  Pummerer  and  Burkard 
is  the  nature  of  the  unsaturation.  Recently,  Boswell'  has  pro- 
posed a  new  structural  formula  for  rubber  largely  on  the  basis 
of  its  containing  no  double  bonds.     His  argument  is  as  follows; 

With  double  bonds  existing  in  the  rubber  molecule,  it  should 
be  possible  to  add  hydrogen  directly  and  produce  a  saturated 
hydrocarbon.  The  endeavors  of  Harries  and  of  Hinrichsen  and 
Kempf  to  accomplish  this  failed.  Likewise,  all  attempts  made 
in  this  laboratory  were  unsuccessful.  This  would  seem  to  in- 
dicate that  rubber  contains  no  ethylene  linkages  at  all.  Belief 
in  the  unsaturated  character  of  rubber  depends  on  the  observa- 
tions that  rubber  adds  on  approximately  four  bromines  and 
two  hydrochloric  acid  mols  for  each  CioHie.  However,  as  these 
are  admittedly  very  drastic  actions,  almost  certainly  accompanied 
by  deep-seated  depolymerization  of  the  rubber  molecule,  it  is 
conceivable  that  the  rubber  mol  itself  contains  no  double  bonds 


•  "Untersuchungen  iiber  die  naturlichen  und  kunstlichen  Kautschuk 
arten."  p.  7. 

'  Can.  Chem.  Mel-.  6,  237  (1922) :  India  Rubber  J.,  64,  981  (1922). 
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whatever,  and  that  these  are  only  produced  by  the  breaking  up 
of  the  complex  rubber  molecule  by  the  action  of  bromine  or 
hydrochloric  acid.  That  bromine  and  hydrochloric  acid  add 
to  a  polymerized  compound  like  rubber  constitutes  no  proof 
that  ethylene  linkages  are  present  in  the  original  rubber  molecule. 

Pummerer  and  Burkard  give  a  series  of  fifteen  experiments 
very  successfully  demonstrating  that  at  the  ordinary  temper- 
ature in  the  presence  of  a  catalyst  rubber  adds  two  atoms  of 
hydrogen  for  each  CjHs  nucleus.  The  purified  rubber  was  dis- 
solved in  either  hexane  or  hexahydrotoluene,  and  a  concentra- 
tion of  less  than  1  per  cent  had  to  be  used  in  order  to  obtain  a 
complete  reaction,  0.2  to  0.6  per  cent  being  the  best.  Higher 
concentrations  would  not  work  well,  possibly,  according  to  the 
authors,  because  of  the  inactivation  of  the  catalyst  by  absorption 
of  rubber.  The  catalyst  was  platinum  black  activated  by  oxygen 
according  to  the  method  of  Willstiitter  and  Waldschmidt-Leitz.* 
The  total  time  necessary  for  the  complete  absorption  of  the  gas 
varied  from,  3  to  170  hours,  the  shorter  time  usually  at  temper- 
atures of  70  °  to  80  °  C.  The  agreement  with  the  theory  by  volume 
measurements  was  exact  in  one  case  and  generally  not  more  than 
1  per  cent  off — that  is,  not  more  than  2  cc.  in  approximately 
200  cc.  of  gas  absorbed.  These  figures  were  checked  by  the  actual 
isolation  of  the  hydro-rubber  and  analysis  by  combustion.  The 
hydro-rubber  is  similar  to  rubber  itself  in  that  it  is  highly  elastic, 
but  it  is  almost  colorless  and  is  soluble  in  ether,  giving  a  colloidal 
solution.  It  is  extremely  susceptible  to  air  oxidation,  especially 
in  the  presence  of  the  catalyst.  Oxygen  transforms  it  into  a 
substance  with  the  same  empirical  formula  as  natural  rubber. 
This  new  rubber  is  not  the  same  as  natural  rubber  and  is  called 
iso-rubber  H.  It  is  soluble  in  ether,  and,  like  rubber,  on  hydro- 
genation  adds  two  atoms  of  hydrogen  for  each  CsHg  nucleus. 
This  new  hydrogeuated  rubber  is  also  readily  oxidized,  but  it 
has  not  been  investigated  further. 

The  authors  are  aware  of  the  fact  that  the  ease  of  oxidation 
of  the  hydro-rubber  brings  up  the  question  as  to  whether  the 
hydrogen  atoms  are  bound  by  primary  valences.  They  state 
that  the  stability  of  the  substance  in  a  high  vacuum  (1  mm.) 
argues  against  a  secondary  valence  combination  with  the  colloid. 
To  the  writer  this  unusual  reaction — oxidation  resulting  in  the 
formation  of  an  unsaturated  compound — recalls  the  unique  case 
of  1,2-dihydrobenzene,  which,  even  though  it  contains  two  double 
bonds,  wUl  on  mild  oxidation  go  over  to  benzene,  a  stable  though 
in  some  respects  more  highly  unsaturated  system. 

Pummerer  and  Bm"kard  give  the  equation  for  the  addition  of 
hydrogen  as  follows; 

(CiHslx  +  A.-H2  =  (CiH.o), 
where  x  is  the  number  of  isoprene  residues  in  the  rubber  mole- 
cule.    Moreover,  an  equally  long  open  chain  must  take  up  one 
niol  more  of  hydrogen — i.  e.,  x  +  1  mols,  or: 

(CH,),  +  (.V-  +  1)H.  =  C5.H,ox..2 
It  is  readily  seen  that  the  number  of  mols  of  hydrogen  consumed 
in  the  case  of  the  open  chain  is  —  times  greater  than  the  corre- 
sponding number  of  isoprene  groups  of  the  ring  system.  Now, 
the  authors  are  certain  that  a  difference  of  as  much  as  10  cc.  in 
excess  could  and  would  have  been  detected  in  their  apparatus. 
If  the  difference  were  as  great  as  this  it  would  correspond  to  a 
value  of  20  for  .t,  where  the  volume  absorbed  was  about  200  cc, 
as  it  was  in  several  of  their  best  experiments.  The  actual  excess 
w'as  never  greater  than  2  cc.  They  therefore  feel  that  they  have 
proved  that  the  rubber  molecule  must  contain  a  ring  system  or 
an  extremely  long  chain  in  which  .t>20. 

Staudinger  and  Fritschi's  Method  op  Hydrogenation 

Staudinger  and  Fritschi,'  working  independently  of  Pummerer 
and  Burkard,  reported  at  almost  the  same  time  that  they  had 

«  Bo-.,  64,  122  (1921). 

'  Helv.  Chim.  Acta,  B,  785  (1922);  J.  Chem.  Soc.  ^London).  122,  1043 
(1922);  J.  Soc.  Chcm.  Ind.,  41,  S68A  (1922). 


succeeded  in  completely  hydrogenating  rubber.  Their  paper 
was  actually  published  a  month  earUer.'  Their  method  also 
comprised  the  use  of  a  catalyst,  but  they  found  it  necessary 
to  use  ^ery  high  temperatures  and  pressures.  They  employed 
ordinary  platinum  black,  which  was  incorporated  into  purified 
rubber  by  mixing  it  with  the  benzene  solution,  then  precipitating 
with  alcohol  and  drying  in  "absolute  vacuum."  This  platinized 
rubber  without  any  solvent  was  placed  in  a  glass  container  in  a 
rotating  autoclave  filled  with  hydrogen  at  93  atmospheres  and 
heated  for  10  hours  at  270°  C.  or  at  102  atmospheres  and  280°  C. 
Lower  temperatures  gave  no  or  only  partial  hydrogenation.  At 
ordinary  pressure  but  the  same  high  temperature  only  partial 
hydrogenation  was  effected  after  7  days  while  hydrogen  was 
passing  all  the  time.  Nickel  works  much  like  platinum,  but  not 
so  rapidly  and  completely.  The  hydro-rubber  is  a  colorless, 
transparent,  tough  mass  entirely  without  the  elastic  properties 
of  rubber.  The  loss  in  color  is  said  to  be  very  characteristic 
of  the  reaction.  The  analyses  check  the  empirical  formula, 
(CsHio)!,  very  closely.  The  authors  state  that  according  to 
the  properties  of  the  hydro-rubber  it  can  be  considered  as  a 
saturated  hydrocarbon  with  so  great  a  molecular  weight  that, 
so  far  as  can  be  shown  by  analysis,  no  distinction  can  be  made 
between  CsiHio^  and  Cs^Hioi  +  2.  The  product  is  soluble  in 
benzene,  chloroform,  and  ether,  and  insoluble  in  alcohol  and 
acetone.  Its  solutions  are  colloidal  and  in  benzene  showed  no 
depression  of  the  freezing  point.  Its  solutions  do  not  decolorize 
bromine  solution,  but  on  standing  in  the  sunlight  a  substitution 
product  is  formed  with  the  evolution  of  hydrogen  bromide.  The 
hydro-rubber  is  unattacked  by  sulfur  monochloride  in  solution, 
being  recovered  unchanged.  It  is  therefore  very  stable  toward 
chemical  reagents,  as  would  be  expected  from  a  saturated  ring 
or  straight-chain  hydrocarbon  of  high  molecular  weight.  The 
authors  apparently  did  not  find  it  necessary  to  guard  against 
oxidation  or  they  would  have  mentioned  it.  Their  hydro-rubber 
is  evidently  quite  different  from  the  hydro-rubber  obtained  by 
Pummerer  and  Burkard. 

Staudinger  and  Fritschi  wished  to  avoid  using  the  large  amount 
of  solvents  necessary  for  purification  of  crude  rubber  according 
to  the  method  of  Harries.  They  found  Wildermann's  method' 
excellent.  It  consists  in  extracting  the  crude  rubber  with  a 
mixture  of  two  solvents,  of  which  one  dissolves  rubber  and  some 
of  the  resins,  the  other  dissolves  the  resins  and  precipitates  the 
rubber.  This  allows  a  more  thorough  extraction  of  the  resins. 
Mixtures  of  chloroform  and  acetone,  20  to  80  up  to  40  to  60 
parts,  were  used  for  the  extraction  lasting  8  to  14  days.  During 
this  time  air  was  not  permitted  to  enter  the  apparatus,  in  order 
to  avoid  autoxidation.  The  authors  make  the  significant  state- 
ment that  although  nitrogen  was  of  course  present  in  the  crude 
rubber,  only  traces  or  none  at  all  could  be  detected  in  the  purified 
rubber. 

Heat  Decomposition 

Staudinger  and  Fritschi  thoroughly  reinvestigated  the  heat 
decomposition  of  purified  rubber  in  a  vacuum  of  0.1  to  0.3  mm. 
pressure.  The  final  temperature  of  the  metal  bath  was  850°  C, 
but  the  temperature  of  the  distilling  vapors  rose  only  to  320°  C. 
36.5  per  cent  remained  as  a  resinous  mass  which  was  found  to  be 
only  about  one  half  as  unsaturated  as  rubber.  Fractionation  of 
the  distillate  in  a  high  vacuum,  determination  of  the  boiling  point, 
molecular  weight,  refractive  index,  bromine  absorption,  etc.. 
of  the  chief  constituents  showed  the  presence  of  isoprene,  3.1 
per  cent;  dipentene,  8.8  per  cent;  a  CisH;!  hydrocarbon  with 
two  double  bonds  and  two  rings,  possibly  a  hydronaphthalene 
derivative,  4.4  per  cent;  CjoHjo  containing  three  double  bonds 
and  two  rings;  and  CssHw  containing  four  double  bonds  and  two 
rings.     No  open-chain  terpenes  were  found. 

8  Pummerer  and  Burkard,  however,  presented  their  paper  at  the  Cen- 
tenary of  German  Scientists  and  Physicians,  Leipzig,  September  17  to  24, 
1922,  and  an  abstract  of  their  paper  appeared  in  Chem.  Zlg.,i6,  883  (1922). 

>  D.  R.  P.  229,386;  C.  A.,  6,  2439  (1911). 
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Staudinger  believes  that  the  splitting  of  the  carbon  atoms 
takes  place  in  the  1,4  position,  or  in  multiples  thereof,  like  1,8; 
1,16;  etc.  This  is  also  in  accord  with  his  earlier  work'"  on  the 
heat  decomposition  of  dipentene  into  isoprene,  in  whi«h  there 
was  the  same  type  of  splitting.  This  experimental  evidence  is 
against  Boswell's  contention  that  the  splitting  should  take  place 
at  the  double  bonds.  It  is  true  that  the  double  bonds  are  "usual 
points  of  weakness,"  but  that  condition  is  in. connection  with  the 
action  of  chemical  reagents  and  not  necessarily  of  heat. 

The  hydro-rubber  was  subjected  to  a  similar  heat  decomposi- 
tion. While  the  rubber  w'as  practically  completely  decomposed 
at  300°  C.  it  was  necessary  to  raise  the  temperature  of  the 
metal  bath  to  350°  C,  and  finally  to  400  C.  in  order  to  complete 
the  decomposition  of  the  hydro-rubber.  Only  about  0.6  per  cent 
remained  behind.  The  distillate  contained  products  entirely 
different  from  those  from  rubber,  most  of  them  apparently  being 
straight-chain  compounds  containing  one  double  bond  each, 
such  as  pentenc,  CiHio,  a  CioH,™  compound,  CjsHgo.  and  C50H100. 

Harries'  a-HvDRO-RuBBER 

In  an  inaccessible  journal"  Harries  and  Evers  have  described 
the  preparation  of  a  partially  hydrogenated  rubber  by  the  re- 
moval of  the  chlorine  from  the  "dihydrochloride"  of  rubber  with 
zinc  in  ethylene  chloride  solution  in  the  presence  of  hydrogen 
chloride.  The  analyses  vary  but  the  best  agree  with  the  formula 
(CioHis)i.  The  substance  has  the  general  appearance  and  some 
of  the  properties  of  gutta-percha,  forms  colloidal  solutions,  and 
is  unsaturated.  It  forms  an  ozonide  which  is  nonexplosive  and 
on  hydrolysis  gives  no  Icvulinic  aldehyde.  Furthermore,  heat 
decomposition  of  the  «-hydro-rubbcr  at  a  low  pressure  gives 
no  isoprene. 

OxiD.ITION 

Pummerer  and  Burkard  found  that  very  dilute  solutions  of 
pure  rubber  absorbed  oxygen  gas  at  room  temperature,  the 
amount  corresponding  to  0.5  mol  of  oxygen  for  each  isoprene 
residue  agreeing  with  the  formula  (CsHsO)^.  The  result  was 
the  same  with  or  without  platinum  black  and  the  absorption 
was  complete  in  40  to  .50  hours.  The  product  was  not  isolated. 
They  also  found  that  perbenzoic  acid,  CeHjCO  OOH,  reacted 
normally  toward  rubber,  in  chloroform  solution,  in  absence  of 
moisture,  one  mol  being  used  for  each  CsHs  nucleus.  This 
reaction  was  followed  by  titration  of  the  reagent  and  verified 
by  the  isolation  of  the  rubber  oxide  formed.  It  is  a  white, 
tough  substance,  much  less  elastic  than  rubber,  and  insoluble 
in  all  the  ordinary  solvents.  Their  analysis  shows  that  it  has 
the  empirical  formula  (CsHsO)^: 


Per  cent 

Calculated 70.83 

Found 70.70 


Per  cent 
9.53 
9.77 


This  is  believed  to  be  a  new  oxide  of  rubber  and,  like  the  hydro- 
rubber,  shows  again  that  the  fundamental  grouping  in  the  rubber 
molecule  is  C5H5,  and  not  C10H16,  as  was  assumed  for  many  years. 
BoswelP  and  his  students  have  carried  out  some  interesting 
work  on  oxidation  with  potassium  permanganate,  hydrogen 
peroxide,  air,  and  a  mixture  of  hydrogen  peroxide  and  iodine. 
The  analyses  of  the  products  correspond,  respectively,  in  general 
to  the  empirical  formulas:  CjsHjoO,  CjbH^Os,  CioHnO,  and 
C26H<oI08.  The  substances  are  mostly  resin-like.  The  author 
starts  with  CwHis  and  gives  hypothetical  structural  formulas 
for  rubber  and  all  these  oxidation  products. 

Viscosity 

Considerable  work  has  been  done  on  the  viscosity  of  rubber 
solutions,  especially  in  studying  the  eflect  of  heat.     Harries'- 

i»  Staudinger  and  Klever,  Ber.,  44,  2212  (1911). 

"  Wissemchafltiche    Vcroffenllichungen    aus    dem    SUmens-Konzern,    I, 
Zweites  Heft,  87  (1921);  C.  A.,  16,  3232  (1922). 
'-  Loc.  cit.,  p.  7. 


tells  of  the  marked  falling  off  in  viscosity  when  a  solution  is  boiled 
for  a  long  time  and  then  cooled,  and  accounts  for  the  change  on 
the  ground  that  depolymerization  has  taken  place.  Lichten- 
berg'^  showed  that  such  solutions  may  give  no  precipitate  with 
alcohol  and  that  the  action  of  hydrochloric  acid  gas  gives  a  hydro- 
chloride which  contains  less  chlorine  than  that  obtained  in  the 
same  way  from  the  unheated  solutions.  There  is  no  question 
as  to  the  change  in  viscosity  on  heating,  but  there  has  been  a 
question  concerning  the  reversibility  of  the  change.  Pummerer 
and  Burkard  carried  out  the  heating  in  the  presence  of  carbon 
dioxide,  also  providing  against  the  loss  of  solvent.  Their  experi- 
ments, involving  8  hours  boiling  followed  by  slow  and  by  rapid 
cooling,  indicate  that  no  appreciable  change  takes  place.  They 
also  kept  rubber  solutions  protected  with  carbon  dioxide  in  brown 
flasks  exposed  to  the  sun  for  several  months  during  the  unusually 
warm  summer  of  1921,  and  found  that  alcohol  precipitated  the 
rubber  in  a  normal  fashion  and  that  the  precipitate  was  not 
soluble  in  ether.  Without  these  precautions  Harries  had  found 
that  alcohol  precipitated  an  oily  mass  which  was  soluble  in 
ether. 

Gel  Form.\tion  op  Rubber  in  Boiling  Benzene  Solution 

.\  2  per  cent  rubber  solution  boiled  under  protection  of  carbon 
dioxide  showed  no  change,  but  with  a  4  per  cent  solution  under 
similar  conditions  there  occurred  a  separation  of  a  yellowish 
gel  on  the  bottom  and  walls  of  the  flask  as  soon  as  the  boiling 
point  was  reached,  according  to  Pummerer  and  Burkard  Evap- 
oration of  the  solvent  was  guarded  against.  A  10-hour  experi- 
ment at  .50°  C.  gave  no  separation.  The  gel  formation  is  re- 
versible, since  on  quick  cooling  followed  by  long  standing  at 
room  temperature  it  goes  back  into  solution.  The  amount 
separated  was  about  10  per  cent. 

Action  of  Concentrated  Sulfuric  Acid 

Kirchhof  has  studied  the  action  of  concentrated  sulfuric 
acid  on  rubber  both  in  and  out  of  solution.  A  precipitate  is 
formed  in  solution  which  is  insoluble  in  the  ordinary  solvents  and 
appears  to  be  an  isomerized  rubber  which  is  less  unsaturated 
than  rubber  itself.  Analysis  showed  only  0.9  per  cent  sulfur 
present.  Its  specific  gravity  is  1.094/20°.  Kirchhof  believes 
that  some  of  the  double  bonds  have  saturated  each  other,  with 
the  formation  of  tetramethylene  rings,  and  proposes  a  spiral 
formula  to  account  for  this.  On  the  basis  of  his  work  he  also 
proposes  a  new  empirical  formula,  (CioHi;)x.  for  the  rubber  hydro- 
carbon in  Para  rubber,"  as  mentioned  above,  but  the  later  work 
of  Pummerer  and  Burkard  shows  conclusively  that  his  contention 
is  not  correct.  Rubber  on  long  standing  in  concentrated  sulfuric 
acid  gives  oxidation  products  from  which  Kirchhof  has  isolated 
an  acid  with  the  molecular  formula  C2oH3o03. 

'=  Ann..  406,  238  (1914). 

■<  Koiloid  Z.,  30,  176  (1922);  C.  A..  16,  1SS5  (1922). 

"  Kirchhof  states  that  African  rubbers  have  the  usual  CioHis  ratio. 


Heat  Transfer  Symposium 

A  symposium  on  Heat  Transfer  is  being  arranged  for  the  1924 
Spring  Meeting  of  the  American  Chemical  Society.  Those 
interested  are  requested  to  write  to  the  chairman,  W.  H.  ilc- 
Adams,  Massachusetts  Institute  of  Technology,  Cambridge, 
Mass.,  at  their  earliest  convenience,  indicating  provisional  title 
where  possible.  The  final  manuscript  must  be  in  the  hands  of 
the  chairman  by  March  1,  1924. 


A  trust  fund  for  establishing  a  fellowship  in  biological  chemis- 
try in  the  College  of  Physicians  and  Surgeons.  Columbia  Uni- 
versity, to  be  named  in  honor  of  the  founder  of  that  department, 
William  John  Gies,  will  be  presented  at  its  twenty-fifth  anni- 
versary. The  committee  will  also  present  to  Professor  Gies  an 
illuminated  book  containing  testimonial  letters  of  appreciation 
from  former  students,  and  from  friends  in  this  country  and 
Europe. 


August,  1923 
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AMERICAN  CONTEMPORARIES 


Alfred  Springer 


Although  I  have  known  Springer  since  1884,  he  has  succeeded 
in  concealing  some  of  his  good  deeds  from  me  until  recently  when 
I  have  had  reason  to  look  them  up.     We  met  yearly  at  the  mid- 
summer meetings  of  the  A.  A.  A.  S.     He  and 
Wiley  and  Munroe  were  leaders  of  the  work 
and  fun.     Much   of   the  fun  developed  in 
Section  Q  and  was  not    mentioned  in  the 
program..     There    was  a   new  quantum   of 
stories  every  year.     The  membership  was 
not  limited  to  the   chemists,    and    among 
-attendants  from  other    sections   I   can   re- 
member Alvin  Clark  and  Brashear  and  one- 
armed  Major  Powell. 

Springer  and  Wiley  were  full  of  mischief 
all  through  the  meetings.  I  can  recall 
many  pranks  they  played.  Most  of  these 
were  known  only  to  the  elite,  who  enjoyed 
them  the  more.  They  were  pure  fun  and 
left  no  sting.  W'e  were  few  in  number  and 
well  acquainted.  We  hailed  one  another 
with  delight  and  said  good-bye  with  regret 
lC\ening  sessions  were  few  and  so  there  was 
plenty  of  time  for  fun,  for  we  spent  a  week 
together.     Each    one    had   his   pet   enthu-  .Alfrkh 

siasm.     Springer  had  an  aluminium  violin, 

equal  or  superior  to  any  Stradivarius,  with  which  he  proceeded 
to  complete  our  musical  discrimination.  At  another  session 
he  lectured  to  us  learnedly  on  the  theory  of  the  balance,  and 
trotted  out  his  own,  which  was  modestly  named  the  "Torsion" 
balance,  and  was  and  is  a  truly  remarkable  instrument. 
On  another  occasion  he  told  us  about  fermentation  without 
nitrogen,  which  anticipated  the  discoveries  of  Hellriegel  and 
Wilfarth. 

I  gathered  the  impression  then,  which  I  have  never  lost,  that 
his  scientific  attainments  were  of  the  first  order.  This  was 
also  the  opinion  of  a  kind  lady  who  listened  to  his  inaugural 
address   as   vice  president   of   Section   C.     She   came   forward. 


shook  his  hand,  and  said:     "Dr.  Springer,  I  did  so  enjoy  your 
address,  jt  was  so  simple."     He  enjoyed  telling  this  story. 

John  Uri  Lloyd  tells  me  that  Springer  was  the  man  who  was 
most  responsible  for  the  birth  and  subsequent  activity  of  the 
Cincinnati  Chemical  Society,  a  forerunner  of  the  American 
Chemical  Societv.  The  first  meeting  was 
held  at  his  house,  the  second  over  the 
drug  store  of  a  Mr.  Rheum.  F.  W.  Clarke, 
then  at  the  University  of  Cincinnati,  and 
later  T.  H.  Norton  were  also  active. 

Dr.  Springer  became  a  resident  of  Nor- 
wood, five  miles  from  Cincinnati,  of  which 
it  now  forms  a  part,  and  has  been  an  active 
public-spirited  citizen,  conniving  at  the 
establishment  of  water  works,  gas  works, 
sewers,   and  other  public   utilities. 

Wiley  says  that  "Alfred  knows  more  about 
the  essences,  ethers,  esters,  aldehydes,  and 
acids,  which  are  used  by  the  rectifiers  to 
make  crooked  whisky,  than  anybody  else 
in  the  country  except  myself.  His  firm 
has  always  been  manufacturers  of  com- 
plete outfits  of  artificials  for  the  rectifier. 
1  imagine  he  is  now  in  cahoot  with  the 
Ijootleggers."  Alexander  Fries  &  Brother 
■RiNr,i!R  were  his  uncles,  and  he   has   now   become 

sole  proprietor  of  these  large  works. 
Dr.  Springer  is  of  German  descent  and  his  daughter  married 
a  German  naval  officer  several  years  before  the  war  began.  This 
placed  him  in  a  cruel  position,  in  which  he  sustained  himself 
to  the  satisfaction  of  his  friends.  Wiley  says,  further:  "I  have 
been  with  him  in  all  kinds  of  companies  and  celebrations;  I 
have  heard  him  speak  on  hundreds  of  diflferent  subjects,  and 
I  never  heard  him  say  a  mean  or  disrespectful  thing  about  any- 
body, not  even  his  intimate  friends."  Neither  have  I.  He  is  a 
credit  to  his  profession  and  to  his  race.  I  feel  certain  that  in  this 
brief  sketch  many  things  have  been  omitted  which  should  be  told. 
They  are  omitted  because  they  are  known  only  to  himself. 

Edward  Hart 


Honorarv  Degrees  Conferred  at  Cambridge 


At  the  meeting  of  the  Union  Internationale  and  of  the  Society 
of  Chemical  Industry  at  Cambridge  on  Wednesday,  June  20. 
the  vice  chancellor,  preceded  by  the  Mr.  Bedells  and  followed 
by  the  university  marshal,  headed  a  procession  clad  in  scarlet 
and  other  gay  colors  to  the  Senate  House.  Degrees  of  Doctor 
of  Science  {honoris  causa)  were  conferred  upon  seven  eminent 
professors  of  chemistry  with  due  solemnity.  There  is  a  calm 
dignity  about  such  proceedings  which  appears  to  be  a  survival 
from  a  period  when  trains  and  telephones  did  not  exist  and  time 
was  ampler  than  now.  The  public  orator.  Dr.  Glover,  made  a 
short  speech  in  Latin  and  introduced  to  the  vice  chancellor  the 
new  doctors  with  seemly  observations  in  Latin,  of  which  the 
following  is  a  rather  crude  paraphrase  or  summary: 

First,  I  present  to  you  Albin  Haller.  Whatever  is  done  in 
.science  in  France  they  discuss  in  his  Academic  des  Sciences; 
in  that  society  are  gathered  all  those  who  pursue  such  studies; 
over  this  assembly  each  year  some  renowned  man  presides 
As  he  is  worthy  of  such  a  distinction  we  to-day  honor  him  and 
ourselves.  Wilder  Dwight  Bancroft  follows,  our  colleague  in 
study  and  of  our  own  kin,  who,  a  second  Ulysses,  skilled  in 
many  things,  adorns  a  new  Ithaca  with  modern  science.     Next 


comes  Ernest  Julius  Cohen  from  Holland,  whose  intellect,  like 
that  of  Ovid,  compels  him  to  tell  of  the  changed  forms  of  new- 
compounds.  Another  Frenchman  follows,  a  professor  in  the 
College  de  France  at  Paris,  Charles  Moureu,  one  who  by  no 
means  despises  the  most  minute  of  substances  but  keenly  in- 
vestigates their  ways. 

To-day,  while  far-off  Etna  thunders  with  dreadful  destruction 
we  greet  with  special  fervor  an  Italian,  Rafael  Nasini,  whom  the 
Etruscan  city,  Pisa,  well  known  to  Virgil,  has  sent  to  us.  He  has 
chosen  for  study  the  volcanic  vapors  which  are  poured  from  the 
bowels  of  the  earth  towards  the  heavens  and  Albunea  exhaling 
its  dense  gas.  Now  a  Swiss  approaches,  the  senior  professor  of 
the  University  of  Geneva.  Amatus  Pictet,  who  has  searched  out 
the  very  foundations  of  matter,  investigating  the  facts  of  the  most 
rarefied  vacuum.  Next  comes  a  professor  from  the  Academy  of 
Ghent,  whose  work  there  are  many  here  present  capable  of  ex- 
plaining more  fluently  than  I  can;  it  is  agreed  by  all  who  are 
engaged  in  that  branch  of  knowledge  that  none  excels  Frederic 
Swartz.     Blessed  is  that  man  who  knows  the  causes  of  things. 

The  fates  do  not  give  everything  to  all  men;  I  was  born  in 
Arcadia,  an  unworthy  student  of  the  ancient  Muses,  happy  to 
officiate  in  my  little  temple.  You,  who  have  done  such  great 
deeds,  forgive  me  if,  ignorant  of  the  various  languages  you  speak, 
I  bid  you  all  welcome  in  Latin. — \Chem.Ind.,  42,  645  (192.'})  | 
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Report  of  Chemical  Control  Com- 
mittee of  National  Fertilizer 
Association' 

As  stated  in  the  report  of  last  year,  a  committee  known  as  the 
Fertilizer  Committee  on  Definition  of  Terms  and  Interpretation 
of  Results,  has  been  appointed  by  the  Association  of  Official 
Agricultural  Chemists  to  recommend  to  the  association  defini- 
tions and  rulings  relating  to  fertilizer  control  and  inspection 
laws  of  the  various  states.  This  action  is  important  to  the 
fertilizer  industry  in  order  that  debatable  questions  relating  to 
definitions,  etc.,  can  be  decided  more  promptly.  This  com- 
mittee has  submitted  the  following  definitions : 

Basic  Phosphatic  SLAG-^Basic  phosphatic  slag  is  a  by- 
product in  the  manufacture  of  steel  from  phosphorus-containing 
iron  ores.  The  product  should  be  finely  ground,  and  should 
contain  no  admixture  of  materials  other  than  what  results  in  the 
original  process  of  manufacture.  It  should  contain  not  less  than 
12  per  cent  of  total  phosphoric  acid,  not  less  than  SO  per  cent  of 
the  total  phosphoric  acid  should  be  soluble  in  2  per  cent  citric 
acid  solution,  according  to  the  Wagner  method  of  analysis. 
Any  other  phosphatic  slag  not  conforming  to  this  definition  shall 
be  designated  as  low  grade. 

Interpretation  of  the  Word  "Lime"  as  Applied  to  Fer- 
tilizers— The  term  "lime"  shall  not  be  used  in  the  registration, 
labeling,  or  guaranteeing  of  fertilizers  or  fertilizing  materials, 
unless  the  "lime"  is  in  a  form  to  neutralize  soil  acidity,  such  as 
the  oxide,  hydroxide,  or  carbonate,  or  equivalent  magnesia 
compounds. 

Definition  of  Dried  Pulverized  or  Shredded  AlANtmEs — 
Dried  pulverized  or  shredded  manure  shall  be  only  what  the 
name  indicates,  and  not  mixtures  of  pulverized  manvu'es  and 
other  materials. 

Definitions  for  the  following  subjects  have  been  proposed  but 
not  yet  formulated — unleached  wood  ashes,  leached  wood  ashes, 
ashes  from  leached  wood,  double  manure  salts,  manure  salts, 
dissolved  bone  and  potash. 

The  following  questions  have  also  been  considered: 

(1)  Shall  the  committee  encourage  and  urge  the  practice  of 
including  the  formula  grade  of  fertilizer  with  the  brand  name? 
The  committee  recommends  and  urges  the  practice  of  including 
the  formula  grade  of  fertihzer  with  the  brand  name,  depending 
upon  the  section  of  countrj'  where  the  product  is  sold — for  ex- 
ample, 4-S-4  or  S-4-4. 

(2)  The  question  of  a  uniform  plan  of  reporting  fertilizer 
analysis  in  control  work.  Wliat  should  constitute  a  proper  de- 
tailed analysis  report?  The  committee  would  encourage  not 
only  a  study  of  the  quantity  of  plant  food  guaranteed  in  any 
fertilizer,  but  also  a  study  of  any  methods  that  might  result  in 
the  improvement  of  the  quality  of  said  plant  food,  even  though 
this  was  not  called  for  in  the  fertihzer  law. 

(.3)     Interpretation  of  results  on  nitrogen  availability. 

The  by-laws  of  the  association  have  been  amended  to  provide 
that  fertilizer  definitions  or  interpretations  shall  not  be  adopted 
as  official,  or  an  official  definition  or  interpretation  be  amended, 
until  such  definition  or  interpretation  has  been  recommended  by 
tlie  Fertilizer  Committee  on  Definitions  of  Terms  and  Interpre- 
tation of  Results  at  at  least  two  annual  meetings. 

The  following  recommendations  of  the  association  will  be  of 
interest : 

1  Presented  at  the  ]  3th  Annual  Convention  of  the  National  Fertilizer 
Association  at  White  Sulfur  Springs,  W.  Va..  week  of  June  11,  1923. 


Nitrogen — It  was  decided  that  the  referee  for  1923  be  in- 
structed to  study  the  Devarda  method  as  applied  to  commercial 
nitrate ;  that  the  Moore  method  for  nitrogen  be  studied  with  the 
collaborators  next  year;  that  the  use  of  sodium  thiosulfate  as  a 
substitute  for  sodium  or  potassium  sulfide  be  studied. 

Phosphoric  Acid — In  the  determination  of  insoluble  phos- 
phoric acid  in  precipitated  phosphates,  the  oSicial  method  was 
finally  modified  to  provide  that  the  present  official  method  for 
determination  of  insoluble  phosphoric  acid  in  fertilizers  be  em- 
ployed, with  the  exception  that  1-gram  samples  instead  of  2  grams 
be  used. 

It  was  tentatively  decided,  subject  to  final  adoption  this  year, 
that  the  neutral  ammonium  citrate  solution  may  be  prepared  by 
the  method  proposed  by  the  special  committee  appointed  to 
study  this  subject,  in  which  phenol  red  is  used  as  an  indicator, 
and  the  solution  compared  to  a  buffer  solution  prepared  from 
dihydrogen  potassium  phosphate.  The  committee  did  not 
recommend  at  present  the  abandonment  of  the  present  official 
method  for  making  this  solution. 

Potash — It  was  decided  that  the  centrifugal  method  proposed 
by  SherriU  be  discontinued;  also  that  the  referee  for  the  coming 
year  study  the  literature  with  regard  to  the  use  of  alcohol  stronger 
than  SO  per  cent  for  washing  the  potash  precipitate,  with  a  \'iew 
to  ascertaining  if  collaborative  investigation  of  this  matter  is 
desirable. 

The  Chemical  Control  Committee  has  decided  to  make  a 
further  study  of  the  methods  employed  for  the  determination  of 
iron  and  aluminium  in  phosphate  rock,  with  a  view  of  recom- 
mending some  one  method  as  official.  At  the  present  time 
various  methods  are  employed,  restdts  from  which  are  not  in 
good  agreement,  and  there  seems  to  be  a  need  for  further  work 
on  this  subject. 

It  also  recommends  that  in  case  of  determination  of  sulfur  in 
pyrites,  either  one  of  the  two  following  methods  be  used : 

(1)  The  method  of  Allen  and  Bishop,  entitled  "An  Exact 
Method  for  the  Determination  of  Sulfur  in  Pyrites  Ores,"  as 
fully  detailed  in  the  Proceedings  of  the  Eighth  International 
Congress  of  Applied  Chemistrj',  Vol.  1,  p.  33. 

(2)  Allen  and  Bishop  method,  modified  by  Moore,  This 
Journal,  11,45  (1919). 

Wliile  comparatively  little  pjTites  is  being  used  by  the  fertilizer 
industry  at  this  time,  it  is  recommended  that  in  contracting  for 
pyrites  it  be  stipulated  in  the  contract  that  the  sulfur  shall  be 
determined  by  either  of  the  two  methods  mentioned. 

The  committee  also  recommends  that  whenever  cottonseed 
meal  or  any  vegetable  meal  or  organic  material  is  sold  on  unit 
basis  for  potash  as  well  as  ammonia,  it  be  stipulated  that  only 
water-soluble  potash  be  determined  by  the  official  method  of 
the  Association  of  Official  .-Vgricultm-al  Chemists. 

C.  F.  Hacedorx.  Chairman 
J.  E.  Breckenridge 


W.  D.  RICH.4RDSON 
E.   W.   M.\GRUDER 


Officers  of  Western  New  York  Section 

At  the  annual  meeting  of  the  Western  New  York  Section  of 
the  American  Chemical  Society,  the  following  officers  were 
elected ; 

Chairman:   G.  P.  Fuller 

1st  Vice  Chairman:   J.  A.  Handy 

2nd  Vice  Chairman:    F.  L.  Koethen 

Secrtlary:    R.  W.  Hess 

Treasurer:   R.  A.  Nelson 

Executive  Committee:  M.  J.  Ahern.  H.  N.  Gilbert,  J.  R.  M.\cMillan 

Councilors:  C.  G.  Derick,  Walter  Wallace,  .K.  M.  Williamson 
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NOTES  AND  CORRESPONDENCE 


Regarding  Iridium 


The  present  agitation  in  the  organs  of  the  jewelry  trade  for  the 
passage  of  a  National  Stamping  Act,  restricting  the  use  of  the 
word  "platinum"  to  the  pure  metal  and  its  alloy  with  iridium, 
taken  in  connection  with  the  statistics  of  the  platinum  metals 
just  released  by  the  U.  S.  Geological  Survey,  should  attract 
the  attention  of  all  chemists  and  all  who  are  interested  in  those 
electrical  and  scientific  industries  which  call  for  the  use  of  plati- 
num-iridium  alloys. 

These  statistics  show  that  in  1922  the  amount  of  "new" 
iridium  obtained  by  the  refiners  was  only  210  ounces,  compared 
with  465  ounces  five  years  ago.  The  amount  of  "secondary" 
metal  recovered  (largely  from  scrap)  was  1937  ounces,  against 
3410  ounces  in  1918.  Imports  were  1 129  ounces  in  1922  and  1345 
in  1921.  Comparing  the  amounts  available  for  the  past  two 
years,  we  have.3407  ounces  in  1921  and  3276  ounces  in  1922. 

On  the  other  hand,  the  consumption  in  the  jewelry  industry 
was  2367  ounces  in  1921  and  2588  ounces  in  1922;  in  the  electrical 
industry  in  1921,  1003  ounces,  and  in  1922,  1537  ounces. 

As  a  source  of  supply  Russia  is  practically  cut  off  probably  for 
at  least  several  years  to  come,  the  amount  of  iridium  in  the  rather 
precarious  supply  of  Colombian  platinum  is  not  large,  and  Tas- 
mania, the  only  dependable  producer  of  iridosmium,  furnished 
only  about  2000  ounces  of  this  alloy  in  1920.  It  is  easy  to  see 
that  the  consumption  of  iridium  is  far  exceeding  the  production. 

Obviously,  a  law  legitimizing  iridium  in  jewelry  platinum  and 
tabooing  the  other  metals  of  the  group  as  hardeners  for  platinum, 
would  result  in  the  appropriation  of  the  whole  iridium  supply  by 
the  jewelers,  leaving  the  electrical  and  scientific  industries,  where 
a  decided  amount  of  iridium  is  indispensable  in  platinum  alloys, 
absolutely  crippled.      Verbum  sap. 

Jas.  Lewis  Howe 

Washington  and  Lee  Un 
Lexington,  Va. 
June  29,  1923 


Calendar  of  Meetings 


American  Ceramic  Society — Summer  Meeting,  Toledo,  Detroit, 
and  vicinity,  August  8  to  11,  1923. 

American  Institute  of  Mining  and  Metallurgical  Engineers,  Inc. — 
Ontario  and  Quebec,  Canada,  August  20  to  31,  1923. 

American  Chemical  Society — 66th  Meeting,  Milwaukee,  Wis., 
September  10  to  15,  1923. 

American  Association  for  the  Advancement  of  Science — 77th 
Meeting,  Los  Angeles,  Calif.,  September  17  to  20,  1923. 

Ninth  National  Exposition  of  Chemical  Industries — Grand  Cen- 
tral Palace,  New  York  City,  September  17  to  22,  1923. 

American  Electrochemical  Society — Fall  Meeting,  Dayton,  Ohio, 
September  27  to  29,  1923. 


Importance  of  Diffusion  in  Organic  Electro- 
chemistry— Correction 

In  the  article  under  this  title  (This  Journal,  IS,  605  (1923)] 
Equation  2  should  read: 

2  X  96,500  DC     ,  , 

;  =  66  r>C  — — : =  0.0737  -—      2 

1000  X  2*  X  86,400  /  I      '  ' 

The  calculated  results  given  in  the  article  are  correct  as  printed. 

WHITING,  IND.  ROB'JRT  E.  Wilson 

July  7, 1923  Merrill  A.  Youtz 


The  Magic  Wand 

Editor  of  Industrial  and  Engineering  Chemistry: 

We  are  interested  to  note  on  page  488  of  the  May  issue  of 
This  Journal,  a  brief  article  by  Harvey  A.  Neville,  of  Urbana, 
111.,  on  "The  Magic  Wand,"  the  construction  of  which  he  de- 
scribes in  detail. 

For  your  information  we  would  call  your  attention  to  patent 
to  J.  J.  Porter,  No.  1,401,185,  applied  for  December  3,  1919, 
and  granted  December  27,  1921,  describing  a  magic  wand  in- 
volving the  same  principles,  and  call  your  attention  to  the  fact 
that  a  number  of  the  claims  of  this  patent,  which  is  the  property 
of  this  company,  were  intentionally  drawn  broadly  enough  to 
cover  just  such  modifications  of  the  patented  inventions  as  the 
construction  described  in  the  Neville  article. 


Harold  M.  Porter 


The  Porter  Chemical  Company 
Hagesstown,  Md.,  June  7,  1923 


Editor  of  Industrial  and  Engineering  Chemistry: 

I  have  had  no  intention  of  manufacturing  or  selling  the  article 
described.  It  is  a  simple  piece  of  apparatus  that  anyone  can 
make  for  his  own  use.  It  was  designed  here  for  use  in  our  Chem- 
ical Open  House  or  Exhibition,  and  for  lecture  demonstration 
in  elementary  chemistry.  Whether  or  not  the  patent  claims 
will  cover  this  type  of  rod  I  am  not  prepared  to  say. 

I  was  not  aware  previously  that  any  such  article  had  been 
patented  and  I  appreciate  your  calUng  my  attention  to  this  fact. 

Harvey  A.  Neville 
University  of  Illinois 
Urbana,  III.,  June  14,  1923 


Bureau  of  Physico-Chemical  Standards 

The  Bureau  of  Physico-Chemical  Standards,  established  by 
the  International  Union  of  Pure  and  Applied  Chemistry,  with 
headquarters  at  the  LTniversity  of  Brussels,  has  samples  of  the 
following  standard  substances  available  for  distribution  to  the 
chemists  of  those  countries  belonging  to  the  Union: 

(A)  Standard  substances  prepared  at  Brussels  and  intended 
primarily  for  the  calibration  of  low  temperature  thermometers. 

The  freezing  points  of  the  following  substances  reproduce 
to  0.1°  C,  the  scale  of  the  helium  thermometer  of  the  Cryogenic 
Laboratory  of  the  University  of  Leyden  [Compt.  rend.,  174, 
365  (1922)]: 

°  C.  °C. 

Carbon  tetrachloride -22.9     Carbon  disulfide -lll.e 

Chlorobenzene —45.2     Ether  (stable  form)    —116.3 

Chloroform -63.5     Ether  (metastable  form). .  .      -123.3 

Ethyl  acetate -  83 .  6     Methylcyclohe.\ane -  126 . 3 

Fifty  cubic  centimeter  samples  of  each  of  these  substances 
are  available  at  25  Belgian  francs  per  sample.  All  orders  should 
be  addressed  directly  to  the  bureau. 

(B)  Supplementing  the  preparations  of  the  bureau  are  the 
following  standard  materials  prepared  by  the  U.  S.  Bureau  of 
Standards  at  Washington  and  obtainable  directly  from  that 
bureau  [Bur.  Standards,  Circ.  25):  cane  sugar,  for  calorimetry 
and  saccharimetry;  naphthalene,  for  calorimetry;  benzoic  acid, 
for  calorimetry;  sodium  o.xalate,  for  oxidimetry;  dextrose,  for 
use  as  a  reducing  agent;  benzoic  acid,  for  acidimetry;  tin,  zinc, 
aluminium,  copper,  and  lead,  with  stated  melting  point,  for  use 
in  thermocouple  calibration. 

The  Bureau  of  Physico-Chemical  Standards  plans  to  act  as 
a  center  for  the  study  of  pure  materials,  and  it  requests  that 
authors  of  papers  in  this  field  send  reprints  of  their  papers  to 
the  bureau.  It  also  hopes  that  industrial  organizations  may 
be  willing  to  contribute  to  the  bureau  materials  which  may  be 
used  as  the  starting  point  for  the  preparation  of  highly  purified 
substances. 
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WASHINGTON   NOTES 


C.  A.  Browne  to  Head  Bureau  of  CJiemistry 


Charles  .Albert  Browne,  for  sixteen  years 
chemist  in  charge  of  the  New  York  Sugar 
Trade  Laboratory,  resigned  from  that  posi- 
tion on  July  1(1  to  become  chief  of  the  Bu- 
reau of  Chemistry.  It  is  expected  that  Dr. 
Browne  will  take  up  his  new  duties  in  the 
fall.  He  succeeds  C.  I,.  Alsberg,  the  po.si- 
tion  of  chief  having  been  vacant  for  two 
years. 

Dr.  Browne  was  fitted  from  birth  for  such 
a  position,  having  been  born  on  his  grand- 
father's farm  near  North  Adams  Mass.. 
August  12,  1870,  the  son  of  a  chemical 
manufacturer  and  the  grandson  of  a  farmer. 
His  I  first  acquaintance  with  chemistry 
came  about  through  the  fact  that  his 
father,  an  inventor  and  manufacturer  of 
explosives,  lost  his  eyesight  and  the  younger 
Browne  was  called  into  service  at  the  age  of 
ten  years  to  read  to  his  father  from  the  then 
standard  Fownes  "Chemistry  for  Students. 
His  early  life  on  a  New  England  farm 
brought  him  in  close  touch  with  the  various 
chemical  processes  which  in  those  days  were 
carried  out  by  the  farmers  themselves,  such 
as  cider,  vinegar,  and  soap  manufacture,  so 
that  it  was  but  natural  that  his  studies  at 
Williams  College   should  be  directed  along  *-    -^ 

chemical  lines.     Frorri  Williams  he  received 

the  degree  of  A.B.  in  1892,  and  that  of  A.M.  in  1890).  During 
the  interim  he  spent  two  years  in  a  New  York  laboratory  as  an 
analyst  and  a  year  as  instructor  in  qualitative  analysis  at  the 
Pennsylvania  State  College.  Later  he  was  chemist  at  the  Penn- 
sylvania Experiment  Station.  During  1900-1902  he  studied 
with  ToUens,  a  pupil  of  Fittig,  in  the  University  of  Gottingen,  re- 
ceiving the  degrees  of  A.M.  and  Ph.D.  from  that  university 
in  1902. 

From  this  time  on  his  attention  was  devoted  principally  to 
the  chemistry  of  sugar.     Successively  he  occupied  the  positions 


of  research  chemist  at  the  Louisiana  Sugar 
Experiment  Station,  chief  of  the  Sugar 
Laboratory  of  the  Bureau  of  Chemistry,  and 
his  present  position  of  chemist  in  charge  of 
the  New  York  Sugar  Trade  Laboratory. 
However,  despite  his  active  work  in  the 
field  of  sugar  chemistry,  he  has  found  time 
to  indulge  his  hobby  of  the  history  of  chem- 
istry throughout  his  busy  career.  His  many 
publications,  both  of  research  and  histori- 
cal data,  attest  his  industry  and  interest 
in  his  cho.sen  field.  Not  only  has  he  found 
time  for  many  publications,  but  he  was 
largely  instrumental  in  forming  the  Section 
of  History  of  Chemistry  of  the  American 
Chemical  Society,  of  which  he  was  chair- 
man until  his  resignation  on  May  23,  and 
in  1904  his  exhibits  of  sugar  at  the  St.  Louis 
Exposition  won  him  both  the  gold  and  silver 
medals. 

Dr.  Browne  is  now  chairman  of  the  New 
York  Section  of  the  American  Chemical 
Society,  associate  editor  of  the  Journal  of 
the  American  Chemical  Society,  member  of 
the  Advisory  Board  of  Industrial  and  En- 
gineering Chemistry,  a  member  of  the  Ex- 
ecutive Committee  of  the  Sugar  Division, 
">'""■''•  and   for  the  past  three  years  has  been   a 

councilor  from  the  New  York  Section.  He  has 
always  been  active  in  Society  matters,  having  at  one  time  been 
chairman  of  the  Committee  on  International  Normal  Weight  for 
Saccharimetric  Sugar  Solutions,  a  member  of  the  Priestley  Memor- 
ial Committee,  and  also  of  the  Committee  to  Formulate  Speci- 
fications for  the  Construction  of  a  Polariscope  for  Laboratory  Use. 
The  opportunity  offered  for  a  wider  interest  and  wider  service 
prompted  the  change,  according  to  Dr.  Browne.  It  is  confi- 
dently believed  that  the  wealth  of  experience  which  he  brings  to 
the  bureau  will  make  for  its  continued  growth  and  usefulness 
under  his  direction. 


Rubber  Survey 

W.  L.  Schurz,  United  States  Commercial  Attache  to  Brazil, 
is  in  charge  of  the  field  expedition  that  is  to  investigate  the 
Amazon  rubber  region  in  behalf  of  the  Department  of  Commerce. 
He  will  be  assisted  in  this  work  by  O.  D.  Hargis,  rubber  planta- 
tion expert,  and  C.  F.  Marbut,  of  the  Bureau  of  Soils,  Department 
of  Agriculture,  who  will  make  a  study  of  the  soils  of  this  region 
in  reference  to  rubber  production.  This  party  will  cooperate  with 
four  experts  from  the  Bureau  of  Plant  Industry — Carl  D.  La  Rue, 
James  R.  Weir,  E.  L.  Prizer,  and  M.  K.  Jessup — whom  the  De- 
partment of  Agriculture  has  sent  to  Brazil  to  make  a  biologi- 
cal study  of  rubber  plants  in  the  Amazon  Valley.  They  sailed 
from  New  York  direct  for  Para  about  the  middle  of  July 
and  will  probably  be  gone  about  eight  months. 

D.  M.  Figart,  a  special  agent  of  the  Department  of  Commerce 
who  is  well  known  in  Far  Eastern  circles,  sailed  from  the  United 
States  last  month  on  his  way  to  southern  India,  Ceylon,  British 
Malaya,  and  the  Dutch  East  Indies,  where  he  will  make  a  compre- 
hensive study  of  all  phases  of  the  rubber  industry. 

Two  other  parties,  one  for  northern  South  America,  Central 
America,  and  Mexico,  and  one  for  the  Philippines,  are  being 
planned. 

Several  months  ago  Harry  N.  Whitford,  professor  of  tropical 
forestry,  Yale  University,  was  appointed  by  the  Department 
of  Commerce  and  placed  in  charge  of  the  investigation  of  sources 
of  crude  rubber  and  the  possibilities  of  developing  rubber  plan- 
tations in  the  Philippine  Islands  and  in  Latin  America.  J.  J. 
Blandin,  formerly  in  charge  of  rubber  plantations  of  the  Good- 
year Tire  &  Rubber  Company,  was  designated  as  his  assistant. 

Alcohol  Trades  Advisory  Committee  Meets 

On  July  10  and  11,  the  Alcohol  Trades  Advisory  Committee, 
recently  appointed  by  the  Commissioner  of  Internal  Revenue, 
D.  H.  Blair,  met  at  the  Hotel  Washington,  Washington,  D.  C, 


to  prepare  its  progress  report  upon  Regulations  No.  60,  revised, 
for  the  manufacture,  use,  and  distribution  of  alcohol  for  industrial 
purposes.  Upon  the  presentation  of  the  committee's  preliminary 
report,  the  commissioner  expressed  himself  as  well  pleased  with 
the    progress    made. 

Bibliography  of  Bibliographies  on  Chemistry 

A  resume  of  the  literature  of  the  problem  in  which  he  is  in- 
terested is  the  first  need  of  every  research  worker  in  chemistry 
and  chemical  technology.  To  meet  this  need  it  is  necessary  either 
to  find  or  compile  a  bibliography  of  the  subject.  Unless  the 
I>roblem  is  very  specialized,  or  of  very  recent  interest,  the 
chances  are  that  somewhere  is  a  list  of  references,  more  or  less 
complete,  bearing  directly  or  indirectly  upon  the  topic.  To 
believe  that  it  is  somewhere  is  an  incentive  to  the  .search,  but  ^ 
to  know  where  it  is,  is  to  eliminate  the  search  and  arrive  at  the  goal. 

About  two  years  ago  the  Research  Information  Service  of 
the  National  Research  Council  enlisted  the  help  of  several' 
men  in  the  preparation  of  a  key  to  scientific  bibliographies, 
each  man  undertaking  to  prepare  the  work  in  his  respective 
science.  The  bibliography  of  bibliographies  on  geology  is  now 
in  press  and  active  work  is  under  way  in  those  for  chemistry 
and  chemical  technology,  astronomy,  and  physics. 

In  the  field  of  chemistry  and  chemical  technology  about 
six  thousand  references  have  already  been  collected,  including 
separate  bibliographies,  lists  of  references  appended  to  articles 
or  books,  and  comprehensive  reviews  of  the  literature.  This 
field  is  so  wide  and  the  subjects  covered  so  numerous  that  the 
cooperation  of  the  specialists  in  the  various  branches  would  be 
very  desirable.  If  you,  the  reader,  have  references  to  bibliog- 
raphies in  your  special  field,  you  will  facilitate  the  completion  of 
this  work  by  sending  such  references  to  the  compiler  of  the 
Bibliography  of  Bibliographies  in  Chemistry  and  Chemical 
Technology  at  the  National  Research  Council.  1701  Massachu- 
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setts  Ave,  Washington,  D.  C.  Any  annotation  which  you  may 
make  on  the  completeness  or  value  of  the  references  will  be 
appreciated. 

Specifications  for  Lubricants  and  Liquid  Fuf.ls 
A  revision  of  federal  specifications  for  gasoline,  kerosene, 
fuel,  and  lubricating  oils  to  become  effective  January  1,  1924, 
was  recommended  by  representatives  of  the  petroleum  industry 
of  the  country  at  an  open  meeting  of  the  Committee  on  Lubricants 
and  Liquid  Fuels  of  the  Federal  Specifications  Board  held  in 
the  Interior  Department  Building,  Washington,  D.  C,  on 
July  11.  N.  A.  C.  Smith,  petroleum  chemist  of  the  Bureau 
of  Mines  and  chairman  of  the  committee,  presided  over  the 
meeting  which  was  attended  by  thirty-five  representatives  of 
the  United  States  Government,  of  trade  associations,  of  the 
petroleum   industry,   and   private   individuals. 

The  concrete  recommendations  made  are  that  a  limit  of  0.1  per 
cent  be  placed  on  the  total  sulfur  in  all  grades  of  gasoline,  this 
to  be  determined  by  the  lamp  method;  that  the  unsaturation 
test  be  eliminated  or  made  more  lenient ;  and  that  the  specification 
for  motor  gasoline  be  known  as  LTnited  States  government  motor 
gasoline.  The  only  other  change  of  importance  recommended 
in  regard  to  gasoline  was  to  discontinue  the  use  of  cotton  on  the 
bulb  of  the  distillation  thermometer. 

The  refiners  also  recommended  that  the  sulfur  limit  on  kerosene 
be  raised  to  0.125  per  cent,  and  that  the  burning  test  be  increased 
to  16  hours.  It  was  recommended  that  the  committee  follow  the 
recommendation  of  the  signal  section  of  the  American  Railway 
Association  in  regard  to  the  specification  for  long-time  burning  oil. 
The  main  change  recommended  on  lubricating  oils  was  that 
the  new  method  of  the  American  Society  for  Testing  Materials 
for  determining  color  be  employed.  A  discussion  of  carbon 
residue  limits  in  the  various  oils  followed.  Little  discussion 
of  fuel  oils  occurred. 

The  recommendations  of  the  petroleum  industry  \^^ere  given 
consideration  at  a  private  meeting  of  the  Committee  on  Lubri- 
cants and  Liquid  Fuels  held  on  July  12. 
Industrial  Films 
Eighty  different  industrial  motion  picture  films,  valued  at 
nearly  $200,000,  are  now  in  the  possession  of  the  Bureau  of 
Mines.  These  motion  picture  films  were  produced  at  small 
cost  to  the  Government,  practically  the  entire  cost  being  borne 
by  the  various  industries  filmed.  Each  film  depicts  the  various 
processes  employed  in  the  manufacture  and  marketing  of  some 
well-known  American  product  wholly  or  partly  of  mineral 
origin.  The  films  are  loaned  free  to  technical  societies,  com- 
mercial organizations,  colleges,  schools,  and  churches. 

Applications  for  these  films  should  be  addressed  to  the  Depart- 
ment of  the  Interior,  Bureau  of  Mines,  Pittsburgh,  Pa. 
Constants  and  Conversion  Factors 
The  editorial  office  of  International  Critical  Tables  has  pre- 
pared for  use  by  the  cooperating  experts  who  will  assemble 
the  various  classes  of  data  for  the  tables,  a  list  of  definitions 
and  approved  values  of  general  constants  of  nature,  units  of 
measurement,  and  conversion  factors.  This  list  will  be 
found  useful  by  chemists,  physicists,  and  engineers  as  a  con- 
venient and  handy  source  of  reference  for  these  quantities  and 
their  logarithms.  Copies  of  this  pamphlet  can  be  secured  by 
sending  25  cents  in  stamps  to  International  Critical  Tables. 
National  Research  Council,  Washington,  D.  C. 

Department  of  Agriculture  Fights  Boll  Weevil 
Three  DeHaviland  4B  planes  are  being  used  by  the  Depart- 
ment of  Agriculture  at  Tallulah,  La.,  to  poison  the  weevils  from 
the  air  by  dusting  the  plants  with  calcium  arsenate.  Several 
plantations  have  been  mapped  for  the  test,  the  re.sults  of  which 
will  be  awaited  with  interest  by  every  one  connected  with  the 
cotton  industry.  Four  applications  of  the  poison  will  be  made 
during  the  season.  5  pounds  being  used  to  the  acre  at  each  appli- 
cation. The  chemical  is  sifted  out  of  a  specially  designed  hopper 
while  the  plane  is  flying  at  low  altitudes,  usually  from  50  to  200 
feet.  Although  extremely  fatal  to  the  weevils,  there  is  said  to 
be  no  danger  to  human  beings  or  to  farm  animals. 

The  Department  of  Agriculture  has  taken  another  step  in  its 
intensive  fight  against  the  boll  weevil,  and  has  opened  a  new 
cotton  boll  weevil  laboratory  at  Florence,  S.  C.  The  new 
station  is  a  cooperative  project  between  the  Bureau  of  Ento- 
mology of  the  Department  of  Agriculture  and  the  South  Caro- 
lina E.xperiment  Station.  E.  N.  Winters  has  been  placed  in 
charge  of  the  laboratory. 

Tariff  Commission  Hearings  and  Investigation 

A  public  hearing  on  the  application  for  a  reduction  in  duty 

on  casein   has   been   announced   by   the   Tariff   Commission   for 

August  13.     This  is  the  first  hearing  to  be  called  as  a  result  of 

the  chemical  investigatipns  being  conducted  by  the  commission 


under  the  flexible  tariff.  Two  applications  were  filed  for  this 
hearing — one  by  a  committee  representing  seventy-five  coated- 
paper  manufacturers,  and  the  other  by  the  Ply  Wood  Manu- 
facturers Association.  A  decrease  of  50  per  cent  is  asked  in 
the  duty  of  2.5  cents  per  pound. 

A  public  hearing  has  also  been  announced  for  September  10 
in  response  to  an  application  from  the  American  Nitrogen  Prod- 
ucts Company,  of  vSeattle.  Wash.,  for  an  increase  of  .50  per  cent 
in  the  duty  of  .3  cents  per  pound  on  sodium  nitrite. 

The  Tariff  Commission  has  also  ordered  an  investigation  of 
metallic  magnesium.  This  action  is  based  on  a  report  from  the 
metals  section  of  an  investigation  into  the  application  of  the 
American  Magnesium  Corporation,  Niagara  Falls,  N.  Y.,  which 
seeks  an  increase  in  the  duty  on  this  product. 

New  Treasury  Ruling  on  Dyes 

According  to  a  recent  ruling  by  Assistant  Secretary  of  the 
Treasury  Moss,  coal-tar  dyes  and  similar  products  imported  un- 
der bond  when  the  tariff  act  of  1913  was  in  effect,  but  not  with- 
drawn from  bond  until  after  the  tariff  act  of  1923  became  ef- 
fective, must  be  appraised  and  duties  assessed  under  the  present 
law.  The  ruling  was  made  because  of  an  inquiry  from  the  Port 
of  Boston  that  certain  coal-tar  dyes  and  other  products  were  en- 
tered in  1919  and  appraised  at  the  foreign  market  value  under 
the  act  of  1913.  The  Boston  Customs  authorities  asked  whether 
this  merchandise,  which  remained  in  bond  after  September  22, 
1923,  may  now  be  appraised  legally  on  the  basis  of  the  American 
selling  price. 

CoNCANNON  Made  Chief  of  Chemical  Division 

Charles  C.  Concannon.'  who  for  the  past  eight  months  has 
been  acting  chief  of  the  Division  of  Chemistry  of  the  Bureau  of 
Foreign  and  Domestic  Commerce,  has  been  appointed  chief 
of  that  division.  Mr.  Concannon  has  served  with  the  division 
since  shortly  after  its  creation  in  1922.  He  was  first  appointed 
as  assistant  chief  and  served  in  that  capacity  until  the  chief, 
Carl  R.  DeLong,  returned  to  the  United  States  Tariff  Com- 
mission,  when   Mr.    Concannon   was   made   acting   chief. 

Mr.  Concannon  is  a  native  of  Boston.  His  early  education 
was  obtained  in  the  common  schools  of  that  city,  at  the  Boston 
Latin  School,  and  at  Harvard  University,  where  he  graduated 
in  1911 .  specializing  in  chemistry. 

Mr.  Concannon  has  had  exten- 
sive experience  in  the  chemical 
field,  both  in  the  manufactur- 
ing and  the  merchandizing  end. 
After  leaving  college  he  sold 
heavy  chemicals  in  New  England 
for  Brewer  &  Company,  whole- 
sale and  manufacturing  druggists 
and  chemists,  Worcester,  Mass., 
working  successively  as  labora- 
tory chemist,  salesman,  and  as- 
sistant manager  of  their  potato 
starch  factory  in  Maine.  Later, 
he  became  associated  with  the 
Takamine  Laboratories,  serving 
from  1916  to  1921  in  various 
capacities.  In  connection  with 
that  work  he  spent  two  years 
in  Japan  and  China.  It  was 
because  of  his  intimate  knowl- 
edge of  the  chemicals  and  chem- 
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the  Far  East  that  he  was  chosen  harlks     .     o.vc.innon 

as  assistant  chief  of  this  division. 

Since  his  connection  with  the  Chemical  Division  he  has  de- 
veloped a  monthly  list  of  dye  imports  reaching  the  Port  of  New 
York.  .  That  work  has  now  been  expanded  to  include  all  articles 
in  Paragraphs  27  and  28  of  the  Tariff  Act  of  1922.  and  Mr. 
Concannon  has  already  formulated  plans  to  secure  similar 
information  from  all  other  ports  of  entry.  He  has  other  plans 
well  advanced  for  increasing  the  scope  of  the  work  of  the  Chem- 
ical Division. 

In  announcing  the  appointment.  Acting  Secretary  Drake 
said:  "Mr.  Concannon  has  been  active  in  the  organization  of 
the  Chemical  Division,  and  is  largely  respon.sible  for  the  initia- 
tion of  special  statistical  studies  of  chemical  industries  in  foreign 
countries,  the  compilation  of  the  new  monthly  dye  import  list, 
and  other  improvements." 

Thomas  W.  Delahanty,  who  has  been  assisting  Mr.  Concannon 
for  about  three  months,  has  been  designated  as  assistant  chief 
of  the  division. 
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PARIS  LETTER 


By  Charles  Lormand,  4  Avenue  de  I'Observatoire,  Paris»  France 


Valuation  of  Imported  Chemicals 

Importers  of  chemical  products  in  France  often  have  great 
difficulties  with  the  customs  administration  with  regard  to  the 
duty  on  products  taxed  ad  valorem.  Thanks  to  an  agreement 
between  the  customs  administration,  the  union  of  industrial 
chemistry,  the  merchants  syndicate,  representatives  and  brokers 
of  chemical  and  fertilizer  products,  it  has  been  decided  that  by 
writing  to  the  headquarters  of  the  Syndicate  of  Chemical  Prod- 
ucts, 4  Rue  de  Rome,  Paris,  one  can  obtain  a  certificate  of  valua- 
tion, an  official  document  by  which  the  syndicate  and  the  union 
of  industrial  chemistry  certify  that  the  product  imported  posses- 
ses such  a  value  in  the  domestic  market.  The  customs  ad- 
ministration declares  that,  except  in  special  cases,  this  certificate 
attached  to  the  customs  declaration  will  be  accepted.  The 
importers  should  indicate  their  name,  address,  designation  of 
the  product  imported,  the  tonnage,  the  origin  of  the  merchan- 
dise, the  place  of  paying  duty,  and  the  corresponding  French 
tariff  number. 

Radioactivity  in  Nitr.\te  Depo.sits 

M.  Stoklasa,  whose  studies  on  the  effect  of  radioactivity  on 
biology,  especially  in  plant  physiology,  are  well  known,  has 
just  made  a  series  of  experiments  on  the  efficacy,  as  a  fertilizer, 
of  Chile  nitrate. 

According  to  M.  Stoklasa,  who  has  examined  the  different 
deposits,  known  as  chaco,  loza,  costra,  and  finally  caliche,  which 
is  the  deposit  exploited,  nitrates  are  secondarily  of  volcanic 
origin.  The  presence"  of  ammonia  salts,  especially  the  chlo- 
rides, in  the  emissions  of  volcanoes — and  M.  Stoklasa  has  veri- 
fied this  in  the  eruptions  of  Vesuvius  and  Etna — has  been  con- 
firmed, and  in  all  lavas  and  cooled  products,  as  in  the  lower 
deposits  of  Chile,  large  quantities  of  ammonium  chloride  are  found 
This  ammonium  chloride,  under  the  influence  of  various  nitrifying 
bacteria,  is  transformed  into  nitric  acid,  which  acid,  in  pro- 
portion to  its  production,  dissolves  the  alkaline  elements  of  the 
rock  in  order  to  form  nitrates.  In  addition,  M.  Stoklasa  has 
verified  the  presence  of  radioactivity  in  each  of  these  beds. 
He  has  found  the  radium  content  per  gram  to  varv  between 
SO  X  lO-'^  and  99  X  10->=.  The  existence  of  this  radioac- 
tivity in  the  nitrates  would  have  a  fertilizer  interest,  for  M. 
Stoklasa  has  made  comparative  experiments  on  crops,  using 
pure  nitrate  from  the  original  ordinary  chemical  and  nitrate 
produced  by  the  electric  arc.  The  radioactive  Chile  nitrates 
gave  better  crop  efficiency  than  the  other  nitrates. 

These  experiments  confirm  what  M.  Stoklasa  has  maintained 
for  a  long  time  as  to  the  role  of  radioactivity  in  the  growth  of 
plants.  The  crop  tests  which  have  been  made  in  various  regions 
have  often  given  contradictory  results,  but  we  think  that  in 
this  domain  no  definite  conclusion  either  for  or  against  radio- 
activity can  yet  be  made,  since  it  must  be  remembered  that  the 
experiments  are  too  few  in  number  and  too  short  in  duration, 
and  they  are  based  on  the  total  increase  of  the  harvest  and  not 
on  the  content  of  the  useful  elements  of  that  harvest  (sugar, 
protein  matter,  glucosides,  etc.). 

Search  for  New  Insecticides 

The  destruction  of  insects  in  general,  and  especially  those 
harmful  to  agriculture,  is  exciting  the  interest  of  investigators. 
Arsenic  and  lead  products  are  always  dangerous,  and  a  suitable 
product  in  the  vegetable  kingdom  is  being  sought. 

M.  Chevalier  has  studied  pyrethrum,  which  has  been  employed 
for  a  long  time  as  a  parasiticide.  He  has  been  able  to  isolate 
from  pyrethrum  (chrysanthemum,  cinerarifolium)  the  active 
parasiticidal  principle.  This  active  principle  is  an  oleoresin, 
nontoxic  to  man,  slightly  toxic  for  animals,  and  extremely  toxic 
for  insects.  This  oleoresin  paralyzes  the  muscles  and  has  an 
action  comparable  with  that  of  veratrine.  Investigations  are 
being  carried  out  to  find  the  chemical  constituents  of  this  oleo- 
resin, and  to  see  if,  by  synthesis,  it  is  not  possible  to  find  its 
active  principle. 

One  of  the  masters  of  entomology,  L.  O.  Howard,  director 
of  the  Bureau  of  Entomology  at  Washington,  is  now  in  France. 


Research  in  Sugars 

M.  Gabriel  Bertrand,  by  hydrolysis  from  cellulose  paper, 
has  just  discovered  a  new  sugar,  "procellulose,"  a  sugar  which 
would  be  a  triglucoside  reducer  and  whose  constitution  would 
permit  an  understanding  of  the  intermediate  products  between 
the  simple  sugars  and  the  celluloses. 

In  this  domain  of  the  chemistry  of  sugars,  M.  Bridel,  on  the 
one  hand,  and  M.  Goris,  on  the  other,  have  discovered  anew 
glucoside  whose  decomposition  products  are  blue  in  color.  This 
glucoside,  which  M.  Bridel  has  called  "monotropeine,"  is  ex- 
tracted from  monotropa-hypopitis.  The  isolation  of  this  gluco- 
side, aside  from  its  own  particular  interest,  is  interesting  in  that 
it  gives  general  directions  on  the  methods  to  employ  in  the  re- 
search and  isolation  of  new  glucosides,  in  order  to  avoid  the 
hydrolysis  in  the  course  of  the  isolation  and  to  avoid  a  confusion 
which  is  often  produced  between  the  glucoside  itself  and  its  de- 
composition products. 

Corrosion  in  Carbonic  Acid  Containers 

The  manufacturers  of  compressed  liquid  carbonic  acid  have 
often  complained  of  the  corrosion  of  the  metallic  containers. 
M.  Hackspil,  professor  at  the  Faculty  of  Science  of  Strasbourg, 
has  recently  shown  that  this  corrosion  is  due  to  the  presence  of 
nitric  acid  in  the  liquefied  carbonic  acid.  The  carbonic  acid 
is  produced  in  this  factory  by  the  combustion  of  coke  and  ab- 
sorption of  the  carbonic  acid  produced  by  an  alkaline  wash. 
This  wash  is  then  decomposed  and  the  carbonic  acid  generated 
is  compressed  to  liquefaction.  In  the  combustion  of  the  coke, 
nitrous  products  are  formed  which  are  absorbed  by  the  alkaline 
wash  in  the  form  of  nitrites  and  nitrates,  and,  during  the  de- 
composition of  the  alkaline  wash,  the  carbonic  acid  entrains 
nitrous  vapors  which  are  compressed  with  this  acid  and  cause 
the  corrosion  of  the  container,  corrosion  which  may  at  times  be 
considerable  and  result  in  the  destruction  of  the  container. 

Recommendations  of  Congress  of  Industrlal  Fuel 

The  Congress  of  Industrial  Fuel,  which  was  held  in  Paris 
from  June  15  to  19,  made  several  recommendations  which  may 
be  of  interest  to  the  chemists.  It  urged  especially  that,  for 
industrial  usage,  the  higher  calorific  power  be  used  in  preference 
to  the  other — that  is,  to  the  quantity  of  heat  expressed  in  large 
calories,  liberated  by  the  complete  combustion,  at  constant 
pressure,  of  a  kilogram  of  combustible  solid  or  liquid  or  a  cubic 
meter  of  combustible  gases,  the  elements  of  the  combustion  being 
taken  and  the  products  of  the  combustion  being  recovered  at 
the  temperature  of  0°C.  and  a  pressure  of  760  mm.  of  mercury, 
the  water  coming  from  the  humidity  or  from  the  combustion 
of  a  combustible  matter  being  condensed. 

The  Congress  asked,  furthermore,  that,  for  industrial  uses, 
the  calorific  power  be  reported  on  the  raw  combustible — that  is, 
ashes  and  humidity  included.  It  asked,  likewise,  that  in  the 
thermal  calculations,  especially  in  the  calculation  of  heat  of 
combustion,  only  the  specific  heats  of  Malard  and  Le  Chatelier 
be  used. 

The  Congress  expressed  the  wish  that  complete  tables  be  pub- 
lished giving,  for  combustibles  of  diverse  origin,  the  elementary 
composition,  the  amount  of  volatile  matter,  and  the  higher 
calorific  power. 


I  had  the  honor  of  attending  as  a  French  delegate,  at  the 
4th  International  Congress  at  Cambridge.  I  will  leave  the 
report  of  this  meeting  to  the  author  of  the  London  Letter. 


M.  Jean  Perrin,  professor  of  the  Faculty  of  Science  of  the 
University  of  Paris,  who  formerly  attended  some  conferences 
in  the  United  States  and  is  one  of  the  masters  of  the  modern 
atomic  theory,  has  just  been  elected  a  member  of  the  Academy 
of  Science. 

July  6.  1923 
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LONDON   LETTER 


By  Hugh  Griffiths,  15  New  Bridge  St.,  London,  E.  C.  4,  England 


Photographic  Chemistry 

Whatever  opinion  may  be  held  regarding  the  Key  Industries 
Act  in  this  country,  it  may  be  said  that  research  into  many  of 
the  industries  so  protected  has  received  stimulation.  The 
activity  in  research  on  photographic  chemistry  is  perhaps  not 
altogether  due  to  the  Key  Industries  Act,  but  is  also  a  result  of 
the  development  of  aeroplane  photography  during  the  war. 

A  most  important  conference  has  just  been  held  in  London  on 
the  physical  chemistry  of  the  photographic  process.  Eminent 
workers,  such  as  W.  D.  Bancroft  of  Cornell,  Luther  and  Gold- 
berg of  Dresden,  M.  Clerc  of  Paris,  and  many  others,  contrib- 
uted. Most  of  the  discussion  will  be  of  greatest  interest  to 
the  specialist. 

The  University  of  Cambridge  has  conferred  the  degree  of 
Doctor  of  Science  on  Professor  Bancroft,  in  recognition  of  his 
researches  in  physical  chemistry. 

Among  the  recent  contributions  to  photographic  chemistry,  a 
most  outstanding  one  is  the  discovery,  by  W.  T.  A.  Ermen,  of 
the  British  Dyestuffs  Corioration,  that  the  skin-irritating 
properties  associated  with  Metol  are  due  to  the  presence  of 
traces  of  an  impurity.  This  impurity,  a  salt  of  symmetrical 
dimethyl-/)-phenylenediamine,  has  been  isolated,  and  found  to 
be  intensely  irritating.  This  discovery  was  made  during  an 
investigation  of  different  methods  of  manufacturing  Metol, 
when  it  was  found  that  the  Metol  produced  according  to  the 
patented  process  of  Lapworth,  in  which  benzylamidophenol  is 
first  methylated  in  benzene  solution  with'  dimethyl  sulfate,  and 
the  addition  product  hydrolyzed,  was  nonirritating,  whereas  the 
product  obtained  by  the  process  of  Merck'  by  action  of  methyl- 
amine  on  hydroquinone,  was  intensely  irritating.  This  trouble- 
some impurity  having  been  discovered,  one  of  the  most  serious 
disadvantages  of  Metol  as  a  photographic  developer  can  now  be 
overcome. 

The  Hele  Shaw  Filter 

On  June  6,  Hele  Shaw  gave  a  demonstration  with  a  new  filter 
press  that  he  has  designed  for  chemical  purposes.  The  construc- 
tion of  this  press  is  in  some  ways  reminiscent  of  the  Plauson 
ultra  filter,  but  it  appears  to  be  extremely  simple  and  should  be 
very  cheap. 

This  filter  consists  essentially  of  a  pack  of  sheets  of  waterproof 
paper  clamped  between  parallel  ends.  These  paper  sheets  are 
perforated  with  a  large  number  of  holes,  thus  forming  tubular 
filtering  elements.  The  larger  holes  through  the  pack  are  fed 
with  the  turbid  liquid  from  suitably  spaced  holes  in  the  press- 
heads,  while  the  smaller  holes  serve  to  take  away  the  filtered 
liquid. 

A  small  filter  shown  was  about  2  feet  6  inches  high  by  1  foot 
square,  and  filtered  at  the  rate  of  about  150  gallons  per  hour. 
While  this  filter  is  most  interesting,  and  apparently  has  capa- 
bilities of  fine  filtration  not  easily  achieved  in  other  filters,  on 
the  industrial  scale  the  greatest  problem  will  be  the  removal  of 
the  deposited  solids  from  the  press.  It  was  explained  that  the 
solid  material  could  be  washed  out  by  a  reversal  of  flow  within 
a  few  seconds,  but  industrially  this  process  would  not  always  be 
suitable. 

This  "stream-line  filter"  operates  by  a  process  of  filtration 
against  the  edges  of  the  waterproof  sheets,  and  is  therefore  quite 
distinct  in  principle  from  the  filter  press.  It  also  differs  in  this 
respect  from  the  Plauson  filter,  as  the  filtering  surface  of  this 
apparatus  is  really  a  cellular  mass  built  up  of  rings  of  perforated 
metal. 

Low-Temperature  Carbonization 

The  subject  of  low-temperature  carbonization  is  always  with 
us,  and  reports  are  issued  frequently  of  new  processes  for  which 
more  or  less  extravagant  claims  are  made.  These  differ  usually 
in  the  mechanical  methods  employed  in  the  plant,  and,  although 
the  installations  which  have  been  employed  for  this  type  of 
carbonization  are  varied  in  character,  it  is  not  often  that  a  new 
principle  is  exhibited. 


«  D.  R.  p.  260,234  (1913). 


Recently,  however,  an  interesting  process  has  been  described 
by  J.  S.  Morgan.  It  is  well  known  that  the  high  capital  cost 
and  difficulty  of  operation  in  low-temperature  carbonization 
plants  are  really  based  upon  a  problem  in  heat  transmission,  and 
the  new  method  consists  in  employing  a  bath  of  molten  lead  into 
which  the  coal  is  introduced.  In  the  trials  it  has  been  found 
that  a  decomposition  could  be  achieved  in  15  seconds,  which  in 
an  ordinary  retort  takes  4  hours. 

At  present  this  process  is  in  an  experimental  stage,  but  if 
certain  obvious  difficulties  can  be  overcome  the  advantages  are 
obviously  considerable. 

During  the  discussion  of  this  paper  it  was  mentioned  that  a 
similar  process  had  been  employed  in  the  distillation  of  coal  tar, 
and  in  other  directions,  and  that,  even  when  using  this  process 
for  distilling  tar,  it  had  been  found  unnecessary  to  replace  the 
lead  in  a  period  of  two  years,  and  no  losses  of  lead  could  be 
detected. 

Fuel  Research 

Technical  literature  has  been  enlivened  during  the  last  few 
months  by  the  discussion  of  the  theories  of  Professor  Bone,  ex- 
pounded by  him  in  his  Cantor  lectures.  In  order  to  explain  the 
effect  of  nitrogen  in  retarding  the  combustion  of  carbon  monox- 
ide. Professor  Bone  has  collected  a  considerable  quantity  of 
experimental  evidence  which  he  considers  points  to  "activation" 
of  the  nitrogen.  A  very  cheerful  and  caustic  criticism  of  this 
theory  has  appeared  anonymously  under  the  name  "Calorifier." 
Professor  Bone  has  replied  with  a  considerable  show  of  spirit, 
and  the  controversy  is  now  in  full  blast.  This  discussion  at 
present  bids  fair  to  rival  the  historic  controversy  between 
Hantsch  and  Bamberger  in  brightening  scientific  literature. 

A  considerable  amount  of  publicity  has  been  given  to  cases  of 
poisoning  by  ordinary  town  gas.  Since  the  introduction  of  the 
therm  system  of  charging  for  gas  on  a  calorific  basis,  the  per- 
centage of  carbon  monoxide  in  gas  has  been  much  larger. 

A  mild  sensation  was  caused  recently  by  the  claim  of  C.  B. 
TuUy,  who,  working  in  collaboration  with  J.  H.  West  and  A. 
Jaques,  announced  that  by  the  new  process  it  was  possible  to 
reduce  the  percentage  of  carbon  monoxide  to  insignificant 
proportions.  The  details  of  the  process  are  not  yet  fully  pub- 
lished, but,  as  originally  announced,  it  appeared  that  the  carbon 
monoxide  in  the  presence  of  steam  was  passed  over  the  catalyst 
of  iron  oxide  at  a  temperature  of  about  500°  C,  thus  resulting 
in  hydrogen  and  carbon  dioxide.  It  was  suggested  that  the 
carbon  dioxide  could  be  washed  out  of  the  resulting  gas.  This 
process  would  have  some  disadvantages  from  a  thermal  point  of 
view,  but  it  appears  that  the  complete  process  will  consist  in 
converting  the  gas,  which  is  rich  in  hydrogen,  together  with 
carbon  monoxide  and  carbon  dioxide,  into  methane.  This  last 
step  will  probably  prove  to  be  the  greatest  problem,  but  if  a 
satisfactory  solution  of  this  second  stage  has  been  reached,  then 
the  process  will  be  of  considerable  importance  in  this  country. 

It  has  been  known  for  many  years  that  if  oxygen  were  suffi- 
ciently cheap,  some  very  important  improvements  could  be  made 
in  the  working  of  water-gas  plants.  About  a  year  ago  the 
WoodaU-Duckham  Company  decided  to  make  an  investigation 
of  the  possibilities  of  producing  cheap  oxygen,  and  recently  a 
paper  on  this  investigation  was  read  before  the  Institute  of 
Chemical  Engineers  by  T.  C.  Finlayson.  The  discussion  re- 
solved itself  into  a  consideration  of  the  possibilities  of  producing 
cheap  oxygen,  and  a  large  number  of  processes  were  reviewed. 
In  order  to  make  the  use  of  oxygen  in  the  water-gas  plant  a 
profitable  proposition,  it  is  necessary  to  be  able  to  produce 
oxygen  for  something  under  8d.  per  thousand  cubic  feet,  and  it 
was  decided  that  up  to  the  present  no  known  process  would 
satisfy  the  requirements.  A  most  interesting  investigation, 
however,  was  described  on  the  separation  of  oxygen  and  nitrogen 
by  fractionation  from  a  solution  in  oil  prepared  under  pressure. 
This  process  seemed  for  a  time  hopefiU,  and  from  the  description 
given  it  would  seem  very  attractive  for  use  in  such  cases  where  a 
50  or  60  per  cent  oxygen  can  be  used,  provided  the  mechanical 
details  of  the  plant  could  be  correctly  designed. 

June  18,  1923 
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Parker  Cairns  Mcllhiney 


Obituary 


Thirty  years  ago  I  was  working  in  my 
little  laboratory  in  an  old  varnish  factory, 
when  one  morning  there  appeared  at  the 
door  a  young  man  of  remarkable  beauty 
and  expressive  and  mobile  countenance, 
who  said  he  had  been  sent  by  Prof.  Elwj'n 
Waller  to  see  if  I  would  give  him  some 
authenticated  samples  of  varnish  for  study. 
Though  I  was  not  then  an  old  man  I  was 
double  his  age;  but  in  spite  of  that,  or  per- 
haps because  of  it,  there  speedily  grew  up 
between  us  a  quiet  friendship  which  lasted 
until  his  death.  I  was  able  to  give  him, 
altogether,  about  forty  samples  of  labora- 
tory-made varnishes  and  japans;  and  he 
verified  his  method  for  volatile  portion,  be- 
fore he  published  it,  on  every  one  of  them. 
This  was  a  fair  example  of  the  care  and 

accuracy  of  his  chemical  work — a  worthy  reflection  of  the  teach- 
ing of  that  great  analyst.  Waller. 

Parker  Cairns  Alcllhiney  was  born  in  Jersey  City,  N.  J., 
October  9,  1870.  His  parents  were  Scotch-Irish,  from  Belfast, 
Presbyterians  of  the  most  rigid  sort.  He  fitted  for  college  at 
the  Jersey  City  High  School,  and  received  from  Columbia  the 


degrees  of  Ph.B.,  1892;  A.M.,  1893;  Ph.D., 
1894.  From  1893  to  1900  he  was  assis- 
tant in  assaying,  then  in  metallurgy,  at 
Columbia,  and  the  ten  years  he  spent  in 
these  laboratories,  where  he  was  Waller's 
favorite  pupil,  made  him  one  of  the  most 
resourceful  and  skilful  analysts  I  have  ever 
known.  From  this  time  until  his  death, 
which  occurred  on  June  21,  he  operated  a 
private  laboratory,  where,  it  was  well 
known,  he  specialized  in  original  work  which 
most  analysts  had  refused.  But  also  for 
twenty-five  years  he  had  been  connected 
with  Louis  C.  Tiffany  (Tiffany  Studios)  in 
artistic  glass,  jewelry,  and  enamels,  for 
which  Dr.  Mcllhiney  received  silver  and 
bronze  medals  at  the  Paris  Exposition  in 
1900.  He  was  also  an  expert  in  chlorine 
manufactiu-e  and  uses,  and  in  analysis  of 
varnishes  and  shellac.  He  long  promised  us 

a  book  on  precious  enamels,  but  his  health  had  been  failing  for 

several  years  and  he  never  WTote  it.      His  widow  and  one  son 

(a  Columbia  graduate)  survive  him. 
Once  in  a  great  while  there  is  a  man  who  is  admired  and  liked 

by  everybody.     That  was  Mcllhiney. 

A.  H.  Sabin 


Personals 


C.  F.  Chandler  has  been  elected  to  honorar>'  membership  in 
the  Society  of  Chetnical  Industr>'.  It  is  particularly  pleasing 
that  in  the  first  election  of  honorary  members  to  this  society  an 
American  shovild  be  among  those  chosen. 

The  degree  of  doctor  of  science  has  been  conferred  by  WiUiams 
College  on  Edward  Bartow,  professor  of  sanitary  chemistry  at 
the  Iowa  State  University. 

John  A.  Gunton  is  leaving  Transylvania  College,  Lexington, 
Ky.,  to  accept  a  position  as  professor  of  chemistry  at  the  Uni- 
versity of  Western  Ontario,  London,  Ont. 

G.  N.  Lewis,  of  the  L'niversity  of  California,  has  been  elected 
an  honorarj^  member  of  the  London  Chemical  Society. 

Edgar  F.  Seifert  has  resigned  his  position  with  the  American 
Aniline  Products  Co.,  Lock  Haven,  Pa.,  to  accept  a  position 
with  the  By-Products  Steel  Corp.,  Weirton,  W.  \'a. 

Kenneth  E.  Bell  has  resigned  his  position  with  the  Lewis 
Recovery  Corporation  to  accept  one  as  chemical  engineer  for  the 
A.  C.  LawTence  Leather  Co.,  Peabody,  Mass. 

P.  B.  Sadtler,  who  for  some  time  has  been  stationed  at  head- 
quarters of  the  Swenson  Evaporator  Co.,  has  opened  offices  at 
136  Liberty  St.,  New  York,  and  1309  Widener  Building,  Phila- 
delphia, as  the  eastern  offices  of  the  company. 

Elmer  D.  Merrill,  director  of  the  Bvu-eau  of  Science,  Manila, 
will  represent  this  bureau  at  the  second  Pan-Pacific  Science 
Congress  to  be  held  in  Sydney  and  Melbourne  in  August. 

Ernest  Anderson,  for  the  past  three  years  professor  of  general 
chemistry  in  the  University  of  Nebraska,  has  resigned  to  be- 
come head  of  the  Department  of  Chemistry  in  the  University 
of  Arizona. 

M.  J.  Hamist,  formerly  chief  chemist  for  the  Meyer  Bros. 
Drug  Co.,  St.  Louis,  Mo.,  has  accepted  a  position  as  products 
control  chief  of  the  Brooklyn,  N.  Y.,  plant  of  E.  R.  Squibb 
&  Sons. 

Carl  W.  Nesbitt  recently  resigned  his  position  with  the  Atmos- 
pheric Nitrogen  Corp.,  Syracuse,  N.  Y.,  to  join  the  research 
staff  of  the  ^■ictor  Chemical  Works,  Chicago  Heights,  111. 

Casimir  Funk  has  accepted  a  call  to  organize  a  department  of 
nutrition  in  the  State  Institute  in  Warsaw,  Poland.  Dr.  Funk 
sailed  on  July  13  from  Quebec  and  is  planning  to  be  away  two 
years. 


Edward  B.  Durham  has  accepted  the  position  of  engineer 
with  the  U.  S.  Smelting,  Refining  and  Mining  Co.,  Kennet,  Shasta 
Co.,  Calif.  He  was  formerly  maintenance  engineer  for  the 
Standard  Chemical  Co.,  Canonsburg,  Pa.,  and  since  March  1, 
1923,  has  been  with  the  Koppers  Co.,  Pittsburgh,  Pa. 

C.  P.  Derluth,  who  for  the  past  two  years  has  been  engaged 
in  the  development  of  the  new  district  offices  of  the  Celite  Prod- 
ucts Company  in  the  East,  has  re  tinned  to  St.  Louis  to  assume 
charge  of  the  St.  Louis  district  of  that  company. 

P.  J.  Freeman,  for  the  past  seven  years  engineer  of  tests  at 
the  Pittsburgh  Testing  Laboratory,  has  opened  offices  for  private 
practice  as  a  consulting  engineer  at  311  Ross  St.,  Pittsburgh,  Pa. 

F.  O.  Sprague  has  resigned  his  position  as  consulting  chemist 
of  the  Transylvania  Tanning  Co.,  Brevard,  N.  C,  and  will 
operate  a  chemical  laboratory  for  the  tanneries  of  the  Endicott 
Johnson  Corp.,  Endicott,  N.  Y. 

Victor  Yngve,  who  has  been  engaged  in  cryogenic  research  at 
Han'ard  L'niversity  during  the  past  year,  has  accepted  a  position 
as  director  of  research  for  the  Manhattan  Electrical  Supply  Co., 
New  York  City. 

E.  C.  Ganglofif,  formerly  research  chemist  with  the  National 
Aniline  &  Chemical  Co.,  is  now  chief  chemist  with  Dextro 
Products,  Inc.,  Buffalo,  N.  Y. 

Zen  Zuh  Li,  who  has  been  working  for  the  American  Writing 
Paper  Co.,  Holyoke,  Mass.,  will  join  the  staff  of  the  Northern 
Paper  Mills,  Green  Bay,  Wis.,  early  in  September. 

C.  A.  Carlton  has  resigned  his  position  as  chief  chemist  of  the 
Columbia  Tire  &  Rubber  Co.,  Mansfield,  Ohio,  and  has  entered 
the  employ  of  the  Dovan  Chemical  Corp.,  30  Church  St.,  New 
York,  N.  Y.,  as  research  chemist. 

John  H.  Schmidt  has  resigned  his  instructorship  in  organic 
chemistr)'  at  the  University  of  Wisconsin  to  accept  a  position  as 
research  chemist  with  the  Redmanol  Chemical  Products  Co., 
Chicago,  111. 

Charles  W.  Pugsley,  Assistant  Secretary  of  Agriculture,  has 
submitted  his  resignation,  effective  October  1,  to  accept  the 
presidency  of  the  South  Dakota  State  College  of  Agriculture 
and  Mechanical  Arts,  at  Brookings.  Mr.  Pugsley  will  have 
filled  the  office  of  assistant  secretary"  two  years  at  the  rime  his 
resignation  takes  effect. 

Jacob  G.  Lipman,  of  Rutgers  College,  has  been  elected  a  mem- 
ber of  the  Swedish  Royal  Society  of  Agriculture. 
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BOOK  REVIEWS 


Thermodynamics  and  the  Free  Energy  of  Chemical  Substances. 
By  Gilbert  Newton  Lewis  and  Merle  Randall,  xxiii 
+  653  pp.  McGraw-Hill  Book  Co.,  New  York,  192.3. 
Price,  15.00. 

This  book  constitutes  a  highly  original  contribution  to  the 
subject  of  chemical  thermodynamics.  It  brings  together  the 
theoretical  considerations  developed  and  the  experimental 
results  secured  during  a  long  series  of  years  by  Professor  Lewis 
and  his  associates,  and  supplements  them  with  many  new  view- 
points and  methods  of  treatment.  Its  publication  may  well  be 
regarded  as  one  of  the  leading  scientific  events  of  the  year. 

The  authors  have  attempted  the  difficult  task  of  preparing  a 
book  which  at  the  same  time  shall  serve  as  a  textbook  in  chemical 
thermodynamics  and  shall  present  a  summary  of  existing  knowl- 
edge needed  by  research  workers  in  that  field.  For  those  gradu- 
ate students  who  desire  an  intensive  detailed  knowledge  of  the 
subject,  and  especially  for  those  who  are  working  or  planning 
to  work  in  this  line  of  investigation,  the  book  is  invaluable. 
Students,  however,  who  seek  such  a  knowledge  of  thermo- 
dynamics as  can  be  secured  consistently  with  a  correspondingly 
thorough  study  of  the  many  other  newly  developed  topics  of 
physical  chemistry,  will  probably  find  this  full  treatment  too 
detailed,  and  at  places  too  difficult — a  condition  which,  to  be 
sure,  can  be  remedied,  as  suggested  by  the  authors,  by  the 
omission  of  certain  chapters. 

It  is  difficult  to  single  out  for  mention  in  a  brief  review  special 
characteristics  of  a  work  which  is  replete  with  original  features. 
Mention  may,  however,  be  made  of  the  following: 

The  second  law  treatment  is  based  primarily  on  entropy 
considerations,  and  the  authors  make  an  earnest  effort  to  render 
this  concept  concretely  intelligible.  Yet,  however  much  may  be 
said  in  favor  of  the  more  fundamental  character  of  this  concept 
as  a  basis  for  thermodynamics,  especially  when  it  is  to  be  applied 
mainly  to  physical  and  engineering  problems,  teachers  who  have 
had  experience  in  the  presentation  of  the  subject  to  chemical 
students  who  approach  the  subject  for  the  first  time,  will  probably 
agree  that  greater  success  is  attained  by  the  primary  employ- 
ment of  the  ideas  of  heat  content,  maximum  work,  and  free 
energy,  the  entropy  principles  being  subsequently  introduced 
after  these  concepts  are  well  understood. 

The  thermodynamic  treatment  of  solutions,  both  dilute  and 
concentrated,  is  unusually  complete,  the  concept  of  activity 
being  fully  developed  and  systematically  applied  to  the  devia- 
tions of  strong  electrolytes  from  normal  behavior. 

Of  great  value  is  the  concise  presentation  of  the  so-called  third 
law  of  thermodynamics  and  the  clear  statement  of  the  limita- 
tions to  which  that  principle  appears  to  be  subject.  It  seems 
especially  unfortunate  that  the  authors  should  have  employed 
the  name  "third  law  of  thermodynamics"  when  the  main  result 
of  their  work  is  to  show  that  this  principle  is  not  a  general  law  of 
thermodynamics,  but  is  rather  of  the  character  of  a  condition 
or  equation  of  state,  expressing  as  it  does  the  fact  that  the  en- 
tropy of  any  element  is  independent  of  the  nature  of  the  chemical 
substances  in  which  it  may  exist,  provided  these  exist  at  the 
absolute  zero  in  the  picre  condition  (as  single  molecular  species) 
and  in  the  crystalline  state.  The  principle  is  obviously  more  like 
the  law  that  the  energy  of  a  perfect  gas  at  constant  temperature 
is  independent  of  its  pressure  and  volume  than  like  the  first 
and  second  laws  of  thermodynamics,  which  express  a  general 
relation   between   heat   and   work    (or   between   corresponding 


thermodynamic  functions).     It  might  well  be  briefly  called  the 
"constant  entropy  principle"   (for  pure  crystalline  substances). 

One  is  also  much  impressed  through  the  authors'  presentation 
with  the  very  inadequate  experimental  testing  which  this  constant 
entropy  principle  has  already  received.  Its  confirmation  is  thus 
far  mostly  confined  to  elementary  substances,  very  simple  in- 
organic compounds,  like  carbon  monoxide,  and  to  binary  saUne 
or  polar  compounds.  It  has  not  even  been  tested  on  oxysalts, 
like  potassium  chlorate  or  calcium  carbonate,  where  in  the  solid 
state  the  oxygen  probably  forms  an  integral  part  of  the  anion, 
nor  with  even  simple  organic  compounds  like  urea  or  formic 
acid.  It  is  to  be  hoped  that  the  authors  will  soon  carry  out  in 
their  laboratory  low-temperature  measurements  with  such 
substances. 

Finally  may  be  mentioned  the  computations  of  the  free  ener- 
gies of  chemical  substances  to  which  the  last  ten  chapters  of  tlie 
book  are  devoted.  The  tabulation  and  selection  of  the  avail- 
able data,  the  revision  of  older  free  energy  calculations,  and  the 
presentation  of  a  great  number  of  new  ones  form  one  of  the  most 
important  parts  of  the  book. 

A.  A.  NoYES 

Reports  of  the  Progress  of  Applied  Chemistry.  Issued  by  the 
Society  of  Chemical  Industry.  Vol.  VII,  569  pp.  Society 
of  Chemical  Industry,  Central  House,  46-17  Finsbury  Square, 
London,  E.  C.  2,  1922.  Price,  to  members  of  society  7s,  6d., 
to  nonmembers  12s.  6d.,  trade  10s. 

This  volume  is  similar  in  its  scope  and  execution  to  its  prede- 
cessors. The  field  of  applied  chemistry  is  covered  broadly,  as 
shown  by  the  twenty-four  headings,  some  of  them  covering 
more  than  a  single  subject.  Only  slight  changes  of  last  year's 
contents  are  noted — refractory  materials  are  put  with  ceramics 
and  building  materials,  and  the  subject  of  explosives  has  been 
discontinued.  This  may  be  accounted  for  by  the  after-war 
slump  and  the  lessened  interest  and  activities  in  the  subject 
during  peace  times.  Minor  references,  however,  to  this  subject 
are  found  in  the  chapter  on  "Acids,  AlkaUes,  Salts,  etc." 

The  two  indexes,  name  and  subject,  appear  to  be  quite  com- 
plete and  therefore  valuable  in  their  assistance  to  the  interested, 
though  often  busy,  searcher. 

The  review,  for  such  it  really  is,  of  the  developments  of  ap- 
plied chemistry  during  the  past  year  is  not  only  complete,  but 
the  coverage  of  the  literature  is  comprehensive  and  broad,  as 
evidenced  by  the  numerous  references  to  English,  American, 
German,  French,  Swiss,  and  other  publications.  In  a  composite 
report  comprising  the  technical  and  applied  fields  so  thoroughly 
one  of  the  most  valuable  features  is  the  reference  to  patents 
and  the  patent  literature.  This  has  been  done  in  a  careful  and 
complete  maimer,  judging  from  the  numerous  citations  made, 
especially  in  the  chapters  on  "Colouring  Matters  and  Dyes" 
and  again  under  "Fine  Chemicals  and  Medicinal  Substances." 

As  a  book  of  general  information  and  of  suggestive  possibilities 
for  the  advancement  of  chemistry  and  its  application  to  the 
arts,  it  is  most  valuable  and  interesting,  even  to  a  lay  reader. 
For  one  who  wishes  to  keep  up  with  the  many  Hues  of  practical 
research  and  acquire  a  familiarity  of  the  progress  of  chemistry 
in  its  manifold  applications  either  in  one's  own  field  of  special- 
ization or  in  general,  it  is  a  volume  which  is  well  worth  careful 
reading  by  all  and  careful  study  by  many,  and  should  be  avail- 
able in  all  chemical  libraries. 

R.  L.  Emerson 
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Motor  Fuels,  Their  Production  and  Technology.  By  Eugens 
H.  Leslie.  681  pp.  The  Chemical  Catalog  Co.,  Inc.,  New 
York,  1923.     Price,  $7.00. 

One  reads  textbooks  for  the  same  reason  that  one  rides  in 
the  subway,  a  simple  matter  of  necessity  and  distinctly  not  for 
pleasure.  It  was,  therefore,  with  a  genuine  thrill  that  we  found 
interspersed  throughout  Dr.  Leslie's  book  numerous  courageous, 
clear-cut  criticisms  together  with  thoughtful  recommendations. 
The  monotony  of  technical  description  is  broken  again  and  again 
by  the  author's  expression  of  approval  or  disapproval,  given  in 
no  uncertain  terms.     He  warns  us  to  look  out  for  the  future: 

Great  Britain  now  commands  three-fourths  of  the  oil  reserves 
of  the  world.  We  must  insist  upon  an  open  door  policy  on  the 
part  of  other  nations  with  regard  to  development  of  oil  resources 
by  our  nationals.  Our  petroleum  reserves  are  only  9  per  cent 
of  those  of  the  entire  world. 

It  brings  joy  to  the  soul  to  read  such  statements  as: 

Many  apparatus  now  in  use  would  never  have  been  built 
had  the  designers  had  even  so  much  as  a  clear  qualitative  under- 
standing of  basic  principles. 

The  extensive  use  of  the  fire  still  is  convincing  testimony  of 
the  tendency  of  the  human  mind  to  follow  the  line  of  least  re- 
sistance— the  rut  of  precedent. 

Much  work  is  done,  and  published  under  the  guise  of  that 
pretty  fiction,  "petroleum  chemistry,"  that  is  in  reality  highly 
empirical.  One  starts  with  a  mixture  of,  he  knows  not  what, 
and  ends  up  with  another,  but  different,  mixture  of  the  same 
sort. 

No  one  can  deny  the  justice  of  the  author's  criticism.  His 
fairness  is  nicely  illustrated  by  his  broadminded  discussion  of 
a  cracking  process  that  has  had  a  meteoric  career,  and  his  dis- 
cussion of  "Alcohol  and  the  Law." 

His  criticism  is  constructive,  not  destructive.  He  has  con- 
tributed many  valuable  suggestions,  especially  in  regard  to  the 
distillation  of  petroleum.  He  and  his  co-workers  have  designed 
a  new  vaporizer,  a  new  dephlegmator,  and  a  new  fractionator, 
which  give  evidence  of  a  sound  and  scientific  basis.  His  labo- 
ratory stUl  and  fractionating  column  deserve  special  mention; 
though  embodying  well-known  principles,  it  is  the  first  time 
they  have  been  used  in  oil  work.  The  reader  will  heartily  agree 
with  the  author  in  the  following  opinion: 

Distillation  equipment  now  in  general  use  in  the  petroleum 
industry  can  hardly  be  said  to  be  better  than  crude.  The 
engineering  often  is  excellent  in  the  sense  that  good  materials 
are  used  and  layout  carefully  considered,  but  the  fundamental 
physics  and  thermodynamics  are  sadly  neglected. 

Dr.  Leslie's  treatment  of  the  production  and  technology  of 
motor  fuels  has  several  decided  advantages.  He  has  placed  a 
great  deal  of  weight  on  his  theoretical  chapters. 

His  new  method  for  calculating  the  factors  of  rectification  is 
satisfying  for  at  least  two  reasons — he  employs  a  nomenclature 
that  an  ordinary  individual  can  carry  in  his  mind,  and  he  uses 
no  calculus.  This  last  point  will  gain  votes  among  the  old 
timers,  who  look  upon  calculus  with  a  belligerent  eye.  The  chap- 
ter on  "Fluid  Flow  and  Heat  Transfer"  contains  an  excellent 
resume  of  the  empirical  formulas  used,  while  the  chapter  on 
"Thermal  Reactions  of  Hydrocarbons"  covers,  among  others,  the 
author's  extensive  work  upon  the  subject.  These  three  chapters, 
together  with  two  excellent  chapters  on  equipment,  are  worth 
more  than  the  price  of  the  book,  not  only  to  the  man  working 
with  petroleum,  but  to  every  chemical  engineer. 

Of  course,  the  reader  will  not  always  agree  with  Dr.  Leslie. 
The  reviewer,  for  example,  could  not  see  the  need  of  copying 
the  opinion,  concerning  the  value  of  certain  motor  fuel  patents, 
by  an  EngUshman  who  is  unfamiliar  with  patent  principles; 
but  "one  must  crack  a  few  eggs  to  make  an  omelet." 

The  fact  remains  the  book  is  alive  and  interesting  and  will 
live  through  its  various  editions  to  a  prosperous  old  age. 

D.  B.  Keyes 


The  Chemistry  of  Leather  Manufacture.  By  John  Arthur 
Wilson.  American  Chemical  Society  Monograph  Series. 
343  pp.  The  Chemical  Catalog  Co.,  New  York,  1923.  Price, 
$5.00. 

This  book  is  one  which  no  up-to-date  leather  manufacturer 
can  afford  to  be  without,  since  it  not  only  summarizes  in  language 
intelligible  to  any  educated  man  the  latest  views  on  the  theories 
of  leather  manufacturing  chemistry,  but  bears  throughout  the 
mark  of  being  written  by  one  to  whom  theory  and  practice  are 
equally  familiar.  Views  opposed  to  those  of  the  author  are 
represented  with  fairness  and  clearness,  and  abundant  reference 
is  given  to  original  sources. 

The  admirable  photomicrographs  of  sections  of  skins  of  various 
animals,  and  of  various  stages  of  manufacture,  with  which  the 
book  is  freely  illustrated,  are  in  themselves  an  important  con- 
tribution to  scientific  knowledge,  and  should  interest  the  com- 
parative histologist  as  well  as  the  tanner,  though  the  author 
describes  them  as  the  result  of  an  investigation  "still  in  progress, 
and  far  from  complete,"  and  their  value  is  much  enhanced  by  the 
full  details  of  the  thickness  of  the  sections,  the  magnifications 
used,  and  the  hardening  agents,  the  stains,  and  the  color  screens 
which  were  used  in  their  production.  They  certainly  give  in- 
formation never  before  published,  both  with  regard  to  skin  struc- 
ture and  the  changes  which  it  undergoes  in  process  of  manufac- 
ture. 

The  description  of  the  anatomical  structure  of  skin  is  followed 
by  that  of  its  chemical  constituents,  and  this,  again,  by  the 
physical  chemistry  of  proteids,  and  especially  that  of  collagen, 
the  principal  skin  constituent,  and  of  its  derivative,  gelatin. 
The  theory  of  the  swelling  of  these  and  other  proteids,  as  origi- 
nally proposed  by  the  present  reviewer,  and  since  so  admirably 
extended  and  developed  by  Wilson  himself  and  by  Loeb,  is  of 
course  given  a  considerable  place,  but  as  Wilson  himself  remarks, 
"no  other  theory  of  swelling  has  as  yet  passed  the  stage  of  quali- 
tative speculation,"  while  the  Procter-Wilson  theory  is  capable 
of  exact  mathematical  application,  and  its  results  are  not  only 
confirmed  by  laboratory  experiment,  but  explain  numberless 
difficulties  which  arise  in  manufacture.  Wilson's  explanation 
of  the  theory  is  extremely  clear,  and  the  mathematics,  though 
somewhat  complicated,  are  purely  elementary,  and,  even  if 
omitted,  leave  the  general  theory  quite  comprehensible. 

Considerable  space  is  devoted  to  the  consideration  of  hydro- 
gen-ion concentration,  which  is  justified  by  the  great  importance 
it  has  recently  assumed  in  practical  leather  manufacture.  The 
chapters  on  physical  chemistry  are  fuUy  illustrated  by  curves 
showing  the  differences  obtained  by  varying  dilutions  and  acidi- 
ties of  the  solutions  employed,  and  by  varying  the  time  of  their 
action ;  and  these,  beside  the  conclusions  which  Wilson  has  drawn 
from  them,  contain  a  mass  of  information  about  the  reactions  of 
leather  manufacture  which  can  only  be  fully  utilized  as  our  knowl- 
edge of  the  process  increases. 

Wilson's  views  on  the  theory  of  tanning  are  largely  based  on  the 
Procter-Wilson  investigations  as  to  acid  and  alkaline  swelUng 
of  proteids,  which  prove  beyond  doubt  that  these  effects  are  sub- 
ject to  the  laws  of  classical  chemistry,  and  not  due  to  some 
mysterious  force  of  "adsorption"  with  laws  of  its  own.  He  shows, 
as  had  been  already  done  by  Procter,  that  the  so-called  "adsorp- 
tion formula,"  W  =  ax'',  merely  owes  its  validity  to  its  general 
adaptability  to  any  curve  which  rises  rapidly  at  first  and  after- 
wards more  slowly,  and  that  many  chemical  reactions  which  are 
undoubtedly  due  to  ordinary  chemical  affinity  can  therefore  be 
represented  by  it  within  the  limits  of  experimental  error.  In 
itself,  it  offers  no  explanation  of  the  reaction  which  it  represents, 
and  does  not  imply  any  recognized  chemical  principle. 

In  conclusion,  it  is  only  right  to  acknowledge  the  liberality 
and  public  spirit  of  Gallun  &  Sons,  of  Milwaukee,  in  allowing  the 
publication  of  so  much  valuable  matter  due  to  research  in  then- 
laboratories.     Such  action  appears  to  be  less  rare  in  America  than 
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in  Europe,  where  it  is  unusual  for  any  but  the  universities  to 
publish  their  results  freely,  and  no  doubt  the  more  rapid  advance 
of  technical  science  in  the  United  States  is  largely  due  to  this  fact. 

Henry  R.  Procter 

Premier  Rapport  de  la  Commission  Internationale  des  Elements 
Chimiques.  14  pp.  Secretarial  General,  49,  Rue  des  Math- 
urins,    Paris,  1923. 

The  committee  consisted  of  F.  W.  Aston,  G.  P.  Baxter,  B. 
Brauner,  A.  Debieme,  A.  Leduc,  T.  W.  Richards,  F.  Soddy, 
and  G.  Urbaiii.  This  report  gives  a  table  of  isotopes  and  also 
one  of  radioactive  elements  with  their  principal  constants.  A 
revised  table  of  atomic  weights  is  promised  for  subsequent  pub- 
lication, while  provisionally  the  values  recommended  are  those 
given  in  the  International  Table  for  1922. 

The  table  of  isotopes  is  introduced  by  certain  definitions  which 
are  of  considerable  interest,  especially  to  the  conservative  chemist. 
"A  chemical  element  is  defined  by  its  atomic  number" — that  is, 
the  order  of  the  element  in  the  periodic  table.  An  element 
may  furthermore  be  described  as  single  or  complex,  according 
as  its  atoms  are  all  of  equal  mass  or  not.  "A  complex  element 
is  a  mixture  of  isotopes."  A  distinction  is  thus  drawn  between 
atomic  weight  (the  value  ordinarily  used)  and  atomic  mass. 
The  latter  is  always  an  exact  integral  value  when  referred  to 
0  =  16,  with  the  exception  of  H  (1.008).  Thus  chlorine  (atomic 
weight  =  35.46)  is  a  complex  element  made  up  of  two  isotopes 
whose  atomic  masses  are  35  and  37.  The  table  of  isotopes  gives 
the  numbers  and  masses  of  the  isotopes  of  the  different  elements 
which  have  been  investigated  up  to  the  present,  with  references 
to  the  original  publications. 

The  table  of  radioactive  elements  and  their  constants  is  very 
complete.  The  names  "radon,"  "actmon,"  and  "thoron"  are 
introduced  for  the  three  emanations  which  are  isotopes  of  the 
element  of  atomic  number  86.  Among  the  constants  given  are 
X  (the  radioactive  disintegration  constant);  9  =  1/X  the  average 
life;  T,  the  period — that  is,  the  time  in  which  the  quantity  of 
radio  element  is  diminished  to  one-half;  ao.  the  range  in  centi- 
meters of  the  alpha  rays  at  0°  C.  and  760  mm.  of  mercury;  V, 
the  velocity  of  the  alpha  rays  and  absorption  coefficients  for  beta 
rays  and  gamma  rays  in  aluminium  and  lead. 

"The  Committee,"  it  is  stated,  "hopes  that  the  new  Interna- 
tional Tables  will  be  favorably  received  by  the  scientific  world, 
and  that  the  values  adopted  will  be  generally  approved."  There 
is  no  doubt  that  chemists  and  physicists  will  appreciate  greatly 
the  information  given  in  the  tables,  representing  as  it  does  the 
conclusions  of  the  foremost  experts  in  this  field. 

SAtn,    DUSHMAN 

Taschenbuch  fiir  die  Farben-  und  Lackindustrie.  Published 
by  Hans  Wolff  and  W.  Schlick.  177  pp.  Schreib-Kal- 
ender,  1923.  150  pp.  Wissenschaftliche  Verlagsgesellschaft 
m.b.H.,  Stuttgart,   1923. 

These  two  little  books  have  one  outstanding  advantage — 
their  combined  size  and  lack  of  dignity  would  not  prevent  any- 
one, however  careful,  from  taking  them  direct  to  his  work  bench. 
The  first  is  concerned  with  descriptions  of  the  raw  materials 
used  in  the  paint  and  varnish  trades,  and  the  second  contains  a 
characteristically  German  pocket  diary.  Advertisements  make 
up  a  considerable  part  of  the  bulk  of  the  diary.  Little  can  be 
said  of  the  combination  beyond  the  fact  that  it  is  convenient  in 
form.  The  methods  of  analysis  given  are  pretty  well  known 
generally  and  the  few  formulas  for  varnish  manufacture  might 
have  been  taken  from  the  stock  book  of  any  modern  varnish 
plant.  One  of  the  striking  features  of  the  "Taschenbuch"  is 
the  inclusion  of  the  various  regulations  on  the  subject  of  em- 
ployment as  promulgated  by  the  various  labor  bodies  affecting 
this  particular  field. 


EI  Arte  de  Los  Metales,  translated  from  the  Spanish  of  Alvaro 
Alonzo  Barba  by  Ross  E.  Douglass  and  E.  P.  Mathewson. 
14'/2  cm.  X  '2W/>  cm.  ix  +  288  pp.,  with  index,  2  photographs, 
reproduction  of  old  title  page  and  12  old  cuts  of  apparatus. 
John  Wiley  &  Sons,  Inc.,  New  York,  1923.  Price,  $3.50  in 
cloth. 

There  is  probably  no  work  of  greater  historical  interest  to 
the  student  of  the  origins  of  chemistry  in  the  Western  Hemi- 
sphere than  the  old  Spanish  treatise  upon  "The  Art  of  the  Met- 
als," first  published  in  Spain  in  1640  by  Alvaro  Barba,  Curate 
of  St.  Bernard's  Church  in  Potosi,  Bolivia.  This  ancient  work 
is  much  more  than  a  technical  treatise.  The  entire  first  book, 
whose  thirty-six  chapters  make  up  a  third  of  the  volume,  is 
devoted  to  a  consideration  of  the  properties  of  ores  and  minerals 
and  to  a  discussion  of  the  alchemistic  doctrines  regarding  the 
genesis  and  transmutation  of  metals.  The  opinion,  perhaps, 
that  the  outgrown  theories  of  old  writers  are  of  trifling  interest 
to  modem  metallurgists  may  have  caused  the  present  English 
rendering  of  Barba's  philosophical  digressions  to  be  performed 
with  less  sympathy  and  care. 

On  page  23,  "la  Disquisicion  HeUana"  of  the  original  is  trans- 
lated "the  Hellenic  Discourse;"  on  page  81,  "la  Disquisicion 
Eliana"  is  translated  "the  Discourse  of  EUana."  Barba  does 
not  write  "Disquisicion  Helenica"  and  "Disquisicion  de  Eliana," 
as  required  by  the  English  renderings.  The  work  of  Douglass 
and  Mathewson  contains  many  instances  of  this  hit-or-miss 
method  of  translation.  As  any  student  of  the  subject  knows, 
the  two  treatises  mentioned  by  Barba  are  one  and  the  same, 
the  name  being  spelled  either  Elias  or  Hehas  and  the  derived 
adjective  Eliana  or  Heliana.  The  work  referred  to  by  Barba 
is  the  "Nova  Disquisitio  de  Helia  Artista  Theophrasteo."  pub- 
lished first  by  Hapelius  at  Marburg  in  1606,  and  reprinted  in 
the  Theatrum  Chemicum  as  the  "Disquisitio  Heliana." 

On  page  56  is  an  even  more  glaring  bibliographic  error,  "El 
Tratado  de  Galileo  de  Galileis"  of  the  original  being  translated, 
and  also  indexed,  as  Galileo's  treatise  "De  Galileis."  Galileo  de 
Galileis  is  simply  a  variation  of  the  familiar  name  Galileo  Galilei. 

In  some  cases  the  translators  have  done  such  violence  to  Bar- 
ba's language  that  the  entire  meaning  of  the  original  is  dis- 
torted. For  example,  in  the  description  of  the  cementation 
process  for  parting  gold  and  silver  (p.  Ill),  the  translation 
reads:  "From  ground  brick  and  salt,  especially  Rock  Salt,  there 
is  prepared  that  which  is  called  Cimiento  (Cementation  Powder), 
with  which  Gold  and  Silver  are  parted.  The  Nitric  Acid  attracts 
unto  itself  the  Gold  and  Silver  and  alone  bums  them  with  the 
violence  of  fire."  The  reader  at  once  wonders  where  the  nitric 
acid  comes  from.  Barba  mentions  nothing  about  it.  What 
he  actually  writes  is:  "Atraenla  a  siestas  dos  cosas  y  la  calcinan 
solo  con  la  violencia  del  fuego,"  or  literally  interpreted:  "These 
two  substances — i.  e.,  the  brick  and  salt — attract  it  (the  fem- 
inine "la"  indicating  "plata"  or  silver)  to  themselves  and  burn 
it  only  with  the  violence  of  fire."  The  faulty  rendering  which 
the  translators  give  this  passage  is  a  discredit  not  only  to  their 
ability  to  read  Spanish,  but  to  their  knowledge  of  historic  metal- 
lurgy. 

The  employment  of  such  modern  chemical  terms  as  nitric 
acid,  sulfates,  chlorides,  sulfides,  oxides,  etc.,  in  translating  a 
work  written  nearly  two  centuries  before  these  words  were 
Introduced,  is  apt  to  mislead  the  imfamiliar  reader.  The  class 
of  ores,  for  example,  which  Barba  from  their  color  termed  "pacos" 
and  which  the  translators  call  oxides,  did  not  contain  their  silver 
in  the  form  of  oxide,  as  one  might  infer.  Klaproth  showed 
over  a  century  ago  that  the  silver  in  the  pacos  ores  exists  in  the 
form  of  minute  particles  of  the  native  metal. 

But,  notwithstanding  the  shortcomings  of  their  work,  the 
translators  have  rendered  a  distinct  service  by  calling  attention 
to  this  long-neglected  treatise  and  placing  it  before  the  English- 
reading  public  in  an  easily  accessible  and  moderately  priced  form. 
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The  reader  will  find  here  most  interesting  historical  informa- 
tion regarding  the  technic  of  the  early  Spanish-American  proc- 
esses, which  for  several  centuries  yielded  the  greater  part  of 
the  world's  production  of  precious  metals.  He  will  be  surprised 
at  the  practical  wisdom  and  acuteness  of  many  of  Barba's  re- 
marks, whether  they  are  upon  the  extraction  of  gold  and  silver 
from  their  ores  by  mercury  according  to  the  common  method 
(Book  Two),  or  according  to  Barba's  own  method  of  pan  amal- 
gamation (Book  Three),  or  whether  they  are  upon  the  reduction 
of  numerous  ores  by  smelting  (Book  Four),  or  upon  the  refining 
and  parting  of  the  precious  metals  (Book  Five). 

The  typography  of  the  new  translation  is  good,  and  the  re- 
productions of  the  twelve  interesting  old  Spanish  engravings  of 
furnaces,  assaying  utensils,  retorts,  and  other  apparatus  are  all 
well  executed.  It  is  a  volume  which  should  be  found  in  the 
library  of  every  American  chemist  and  metallurgist. 

C.  A.  Browne 

Principles  of  Chemical  Engineering.     By  W.  H.  Walker,  W.  K. 

Lewis,  and  W.  H.   McAdams.     1st  edition.     637  pp.     Mc- 

Graw-HUl  Book  Co.,  New  York,  192.3.     Price,  $5.00. 

This  is  by  all  means  the  best  book  so  far  produced  on  chemical 
engineering.  It  defines  the  work  of  the  chemical  engineer  and 
will  serve  a  valuable  purpose  in  standardizing  the  scope  of  his 
professional  activities.  In  view  of  the  fact  that  this  is  the  first 
edition,  it  is  unusually  free  from  errors  and  omissions.  Future 
elaboration  of  the  subjects  covered  by  this  book,  especially  with 
the  addition  of  new  matter  by  the  same  authors,  should  make 
the  work  of  Lewis,  Walker,  and  McAdams  the  most  authoritative 
standard  for  chemical  engineering  practice. 

M.  C.  Whit.\kER 

The  plan  of  the  book,  as  expressed  by  the  authors  in  their 
preface,  is  to  treat  from  a  mathematically  quantitative  point 
of  view  unit  "operations  common  to  all  chemical  industries, 
rather  than  details  of  specific  processes."  which  might  or  might 
not  be  applicable  to  other  problems. 

In  the  first  of  the  five  general  divisions  they  make  of  their 
subject  "the  principles  of  stoichiometry  are  reviewed,  special 
emphasis  being  laid  upon  the  utility  of  the  pound  mol  as  a  unit 
for  calculation,  and  the  relative  ease  with  which  the  units  of 
one  system  may  be  transformed  into  those  of  another  system." 
This  division,  as  well  as  the  others,  contains  many  problems, 
in  which  they  "believe  the  reader  may  find  helpful  suggestions 
relative  to  the  plan  of  an  experimental  run.  the  data  to  choose, 
and  the  method  of  solution  and  interpretation  to  adopt.  These 
problems  should  be  looked  upon  *  *  *  as  an  integral  part  of 
the  text  vitally  illustrative  of  the  subject  matter  considered." 

The  second  division  deals  at  length  with  heat  transfer  and 
fluid  flow  and  the  laws  governing  them,  "because  of  their  funda- 
mental importance." 

The  third  division  treats  of  fuels  and  their  efliicient  combustion 
at  length. 

"Processes  of  crushing  and  grinding  mechanical  methods  of 
separating  materials,  together  with  filtration  in  its  many  different 
forms,  are  given  a  descriptive  treatment"  in  the  fourth  division, 
"with  a  mathematical  analysis  when  such  seemed  advantageous." 

"Those  processes  depending  upon  vaporization,"  which  are 
the  subjects  of  the  fifth  division,  "are  treated  from  the  common 
standpoint  of  vapor  pressure  equilibria."  Here  are  discussed 
drj'ing,  humidification,  dehumidification,  water  cooling,  evap- 
oration, and  distillation. 

While  these  divisions  are  in  no  way  marked  in  either  the 
text  or  the  table  of  contents,  they  form  the  actual  framework 
upon  which  the  subject  matter  has  been  placed.  Throughout 
the  book,  points  are  brought  out  by  the  use  of  data  obtained 
from  the  operation  of  actual  commercial  tools  (which  have 
been  freely  used  as  illustrations),  and  not  of  theoretical  types 
which  would  never  be  met  by  the  practicing  engineer. 


Handbuch  der  Saccharin-Fabrikation.  (Benzoesaure  sulfinid.) 
By  OsKAR  Beyer.  143  pp.  Rascher  &  Cie.,  Verlag  Zurich 
and  Leipzig,  1923. 

According  to  the  author's  preface,  this  little  volume  is  intended 
to  be  a  supplement  to  his  previous  publication  on  the  same  sub- 
ject, entitled  "Uber  die  KontroUe  and  Herstellung  von  Saccharin, 
1918."  If  the  two  parts  were  combined,  with  arrangement  of 
the  material  in  a  systematic  manner,  and  by  improving  and  ex- 
tending some  of  the  chapters  and  shortening  others,  as  the  case 
may  be,  the  whole  would  be  converted  in  a  presentable  mono- 
graph on  saccharin.  This  review  refers  to  the  second  part 
only,  which  deals  mainly  with  manufacturing  processes  and 
analytical  methods,  brings  the  bibliography  of  the  first  part  up 
to  date,  and  devotes  a  few  short  chapters  to  various  develop- 
ments in  the  field  of  saccliarin  chemistry. 

The  operations  for  the  manufacture  of  saccharin  and  its  inter- 
mediates are  well  described  and  represent  actual  manufacturing 
experience.  The  text  is  amplified  by  illustrations  of  machinery 
and  manufacturing  units,  as  well  as  by  diagrams  and  lay-outs  of 
complete  installations.  The  yields  given  for  o-toluene  sulf- 
amide  indicate  that  the  methods  described  do  not  represent  very 
best  plant  practice.  Inaccuracies  have  been  noted  and  some  of 
these  are  briefly  referred  to  in  the  following  lines. 

The  mechanism  of  the  permanganate  oxidation  is  incorrectly 
formulated  and  interpreted.  A  solution  of  the  alkali  salt  of 
o-sulfamidobenzoic  acid  cannot  be  converted  to  saccharin  by 
means  of  hydrochloric  acid.  Saccharin  is  formed  already  in 
the  alkaline  oxidation  liquor  and  is  present  in  form  of  its  alkali 
salt.  The  statement  that  the  oxidation  in  acid  medium  by  means 
of  sulfuric  acid  and  bichromate  gives  poorer  results  in  regard  to 
yield  and  quality  also  requires  correction.  Since  1919  a  large 
percentage  of  the  world's  saccharin  production  is  made  by  this 
process  and  the  product  is  of  excellent  quality. 

In  the  chapter  on  medicinal  derivatives  the  German  product 
"Chloramin  Heyden"  is  described,  but  no  mention  is  made  that 
this  disinfectant  was  first  introduced  into  medicine  by  Dakin 
under  the  name  of  chloramine  T. 

In  general,  this  brochure  should  serve  a  useful  purpose  to 
those  connected  with  the  use  or  the  manufacture  of  saccharin. 
As  a  detailed  description  of  the  manufacture  of  a  synthetic 
organic  chemical  with  its  many  ramifications,  this  volume  also 
commands  some  general  interest. 

Jules  Bebie 


Yearbook  of  the  American  Pharmaceutical  Association,  1921. 
Containing  the  Sixty-fourth  Annual  Report  of  the  Progress  of 
Pharmacy,  and  the  Constitution,  By-laws,  and  Roll  of  Members. 
Corresponding  to  Volume  69  of  the  Former  Proceedings  of  the 
American  Pharmaceutical  Association.  Vol.  10.  710  pp. 
American  Pharmaceutical  Association,  Chicago,  111.,  1923. 

The  book  contains  valuable  association  data,  such  as  lists  of 
oflicers  and  committees  of  the  association,  a  list  of  the  officers  of 
the  association  since  its  organization,  an  alphabetical  and  geo- 
graphical roll  of  members,  both  honorary  and  active,  a  hst  of 
members  deceased  since  the  publication  of  the  1920  yearbook, 
the  constitution,  by-laws,  and  general  rules  of  the  association, 
and  the  treasurer's  report.  The  major  portion  of  the  book — 
559  pages — is  given  over  to  a  report  on  the  progress  of  pharmacy 
in  1921.  One  chapter  deals  with  pharmacy  in  general,  and  is 
subdivided  into  general  subjects:  apparatus  and  manipulations; 
preparations;  and  new  remedies  and  trade-named  preparations. 
The  remainder  of  the  book  is  devoted  to  materia  medica,  in- 
organic chemistry,  and  organic  chemistr\',  and  contains  brief 
synopses  of  the  literature  bearing  thereon.  A  comprehensive 
subject  and  author  index  completes  the  volume. 


August,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


873 


COMMERCE   REPORTS 


Notice — Commerce  Reports  are  received  by  all  large  libraries  and  may 
consulted  there,  or  single  numbers  can  be  secured  by  application  to  the  Burt 
of  Foreign  and  Domestic  Commerce,  Department  of  Commerce,   Washinglt 
D.   C.     The   regular   subscription   rate  for  these   Commerce   Reports 
weekly  is  $3.00  per  year  (10  cents  per  single  copy),  payable  in  advance  to  the 
Superintendent  of  Documents,  Government  Printing  0§.ce,  Washington,  D.  C. 


led 


Jvine 

Increasing  consumption  of  phosphates  for  fertilizing  purposes 
in  Italy  and  plans  for  developing  new  sources  of  supply  are  de- 
scribed.    (Pp.  618-9) 

The  Mysore  Distillation  and  Iron  Works,  the  scheme  for  which 
was  sanctioned  by  the  Mysore  government,  commenced  opera- 
tions on  January  18.  The  works  have  been  under  construction 
for  three  years,  and  consist  of  twelve  retorts  capable  of  carboniz- 
ing 240  tons  of  wood  per  day,  a  distillation  plant  for  the  recovery 
and  manufacture  of  by-products,  and  a  charcoal  blast  furnace, 
with  a  daily  output  of  60  tons  of  charcoal  pig  iron,  low  in  phos- 
phorus and  sulfur.  Two  qualities  of  wood  tar  will  be  recovered 
from  the  retorting — a  "soluble"  tar,  which  will  make  a  good 
disinfectant,  and  the  "settled"  tar,  which  possesses  wood- 
preserving  qualities.  The  Mysore  government  is  considering  a 
large  scheme  for  the  antiseptic  treatment  of  railway  sleepers 
with  this  wood  preservative.  (P.  620) 

The  Messina  mine  in  southern  Africa,  which  ceased  operations 
about  the  end  of  1921,  has  resumed  work  and  is  now  able  to 
turn  out  about  300  tons  of  copper  a  month.     (P.  633) 

A  feature  of  mineral  production  in  Rhodesia  during  the  later 
months  of  1922  was  the  expansion  of  the  chrome-ore  industry. 
Since  May,  1922,  there  has  been  a  revival  in  the  demand  for 
chrome  ore  greater  than  ever  before.     (P.  634) 

Production  of  crude  petroleimi  in  Rumania  during  the  first 
quarter  of  1923  totaled  383,421  metric  tons,  an  increase  of  64,394 
tons,  or  about  20  per  cent,  over  the  output  for  the  corresponding 
period  of  1921.     (P.  635) 

During  March  the  Spanish  government  granted  fourteen 
concessions  for  petroleum  drilhng.     (P.  636) 

Three  American  oil  corporations  are  now  exploring  for  oil  in 
the  Republic  of  Panama.     (P.  636) 

The  increasing  use  of  oil  as  fuel  for  steamship  propulsion  has 
resulted  in  the  substitution  of  oil  for  coal  in  cooking  ranges  and 
appliances  in  the  galleys  in  Sheffield.     (Pp.  636-7) 

In  order  to  secure  general  efficiency  in  the  administration  of 
the  fiscal  petroleum  workings  at  Comodoro  Rivadavia,  the 
executive  of  Argentine  has  placed  the  direction  of  these  activities 
in  the  hands  of  a  board  of  directors.     (P.  637) 

Disinfectants  and  insecticides  imported  into  Angola  have  been 
exempted  from  the  payment  of  import  duty.     (P.  654) 

Among  the  commodities  on  which  Germany  has  reduced  her 
export  tax  are  ferrochromium  alloys  made  from  imported  ma- 
terials, unmanufactured  lead,  and  zinc  from  imported  raw  ma- 
terials.    (P.  655) 

The  new  parliamentary  budget  of  South  Africa  doubles  the 
import  duty  on  calcium  carbide.  A  change  is  also  made  in  the 
duties  on  paints  and  colors.  The  duty  on  motor  spirit  is  in- 
creased 50  per  cent,  but  this  increase  is  not  effective  until  Septem- 
ber 1,  1923,  whereas  the  other  changes  are  at  present  in  force. 
(P.  657) 

The  mineral  production  of  New  South  Wales  for  1922  is  valued 
officially  at  14,274,770  pounds — an  increase  of  266,122  pounds 
over  that  of  1921.     (P.  669) 

Mexican  production  of  petroleum  during  April  averaged  100,000 
barrels  per  day.  The  wells  now  coming  in  are,  as  a  rule,  of 
much  smaller  production  than  formerly.      (P.  705) 

There  is  a  good  market  for  American  paints  and  varnishes  in 
Yucatan.     (Pp.  707-8) 

The  1923  crop  of  pyrethrum  flowers  in  Japan  will  amount  to 
2260  tons,  of  which  about  700  to  800  tons  will  be  required  for 
domestic  consumption.     (P.  708) 


During  the  last  few  years  the  consumption  of  nitrogen  in 
Germany  is  reported  to  have  doubled.  Present  plans  are  to 
devote  a  large  portion  of  the  great  chemical  plant  known  as  the 
Leuna  Works  to  the  manufacture  of  synthetic  urea  by  the  Haber 
and  Bosh  processes.     (P.  708) 

The  Canadian  budget  proposals  for  changes  in  import  duties 
on  colors  and  crude  petroleum,  provisionally  effective  at  once, 
are  cited.     (Pp.  714-5) 

A  review  is  given  of  the  chemical  industry  in  the  United  States, 
which  shows  phenomenal  development.  Exports  have  registered 
a  steady  monthly  increase  throughout  practically  the  entire 
field.  The  increasing  demand  has  been  met  by  fostering  a 
healthy  policy  in  the  expansion  of  production.     (P.  740) 

That  the  Chilean  nitrate  industry  has  almost  completely  re- 
covered from  the  disastrous  speculative  slump  of  1921,  is  evi- 
denced by  the  fact  that  the  sales  effected  during  the  first  three- 
quarters  of  the  present  nitrate  year,  which  began  on  July  1, 
1922,  are  only  15  per  cent  less  than  the  quantity  sold  in  the  same 
nine-month  period  during  prosperous  war  years,  and  represent 
nearly  triple  the  quantity  disposed  of  during  the  first  three- 
quarters  of  the  past  nitrate  year.     (P.  741) 

The  petroleimi  production  and  trade  of  the  Far  East  is  re- 
viewed.    (P.  753) 

The  process  of  extracting  oil  by  means  of  shafts  or  pits  sunk 
to  the  oil  sands  is  now  being  used  in  a  field  at  Wietze,  near 
Hanover,  Germany.  The  oil  is  obtained  by  means  of  a  washing 
svstem  applied  after  the  sand  has  been  brought  to  the  surface. 
(P.  755) 

The  production  and  sale  of  mercury  from  the  Almaden  Mines, 
Spain,  continue  to  show  an  increase  over  1922,  and  sales  are 
greatly  in  excess  of  production.     (P.  826) 

Official  production  figures  place  the  output  of  Mexican  crude 
petroleimi  in  March  at  12,371,203  barrels,  as  compared  with 
1 1 ,  134,394  barrels  in  February.     (P.  835) 

A  great  increase  in  the  number  of  applications  for  drilling 
permits  is  reported  by  the  Secretary  of  Industry  and  Commerce 
of  the  Mexican  government.  Many  of  these  applications  cover 
territory  in  which  petroleum  operations  have  not  previously  been 
conducted.  The  number  of  drilling  permits  granted  the  first 
three  months  of  the  year  totaled  234,  of  which  67  were  granted 
in  January,  81  in  February,  and  80  in  March.     (P.  835) 

A  concession  for  the  installation  of  plants  for  the  extraction 
of  gasoline  from  natural  gas  has  been  granted  by  the  Mexican 
Department  of  Industry,  Commerce,  and  Labor  to  Manuel 
Gomez.  According  to  the  terms  of  the  concession,  the  conces- 
sionaire agrees  that  a  sufficient  number  of  plants  will  be  installed 
within  a  period  of  five  years  to  produce  at  least  25,000  cubic 
meters  of  gasoline  per  year.  It  is  hoped  that  such  concessions 
will  result  in  a  reduction  in  the  domestic  price  of  gasoline.  (P. 
835) 

A  recent  act  of  the  Philippine  legislature  requires  the  regis- 
tration of  all  brands  of  commercial  fertilizers  and  the  filing  of  a 
statement  of  contents  and  the  source  of  the  imports.     (P.  844)- 

Statistics  are  given  showing  the  plants  in  operation  and  pro- 
duction of  Chilean  nitrate  during  the  current  nitrate  year  to 
and  including  April  compared  with  figures  for  similar  periods  in 
1922.     (P.  847) 

Statistics  op  E.xports  to  thb  United  States 
Canada— (P.  617  and  833)  Brazil— (P   701) 

Wood  pulp  Manganese 
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372-S9. 
Coke  Quality  and  Blast  Furnace  Operations.     F.  W.  Sperr,  Jr.,  and  D. 

L.  JACOBSON      Blast  Furnace  and  Steel  Plant,  Vol.  11  (1923),  No.  6, 

pp.  314-18. 
Cold,  Clean  Artificial  Gas  and  a  Discussion  upon  the  General  I^operties  of 

Gaseous  Fuels.     Alfred  E.  Blake.     Journal  of  the  American  Ceramic 

Society.  Vol.  6  (1923),  No.  7,  pp.  808-30. 
Color  in  Relation  to  Dyeing,     Article  VIII.     J.  MSRRiTT  Mathbws.     Color 

Trade  Journal.  Vol.  13  (1923),  No.  1,  pp.  1-4. 
CombustibiUty  of  Blast  Furnace  Coke.     Ralph  A.  Sherman  and  S.  P. 

Kinney.     Iron  Age,  Vol.  Ill  (1923),  No.  26,  pp.  1839-44. 
Common  Acid  Yellows  and  Oranges.     A  Brief  Consideration  of  Their  Prop- 
erties and  Uses.     Part  I.     George  H.  Johnson.     American  Dyesluff 

Reporter,  Vol.  12  (1923),  No.  14,  pp.  487-91. 
Cooperation  between  the   Makers  and  Users  of  Scientific  Apparatus  in 

America.     F.    K.    Ricbtmyer.     Science,   Vol.    57    (1923),    No.    1484, 

pp.  649-53. 


Denatured  Alcohol  in  Canada.     Ross  E.  Gilmore.     Canadian  Chemistry 

and  Metallurgy,  Vol.  7  (1923),  No.  6,  pp.  155-58. 
Effect  of  Time  and  Temperature  upon  the  Chlorination  of  Flint  Fire  Clay. 

Herbert  F.  Kriege.     Journal  of  the  American  Ceramic  Society,  Vol. 

6  (1923),  No.  7,  pp.  850-3. 
Equilibrium  Diagram  of  the  System  CuiS-FeS.     An  Investigation  of  Re- 
actions Which  Have  Important  Application  in  the  Smelting  of  Copper 

Sulfide    Ores.     Clark    B.     Carpenter   and   Carle   R.    Hayward. 

Engineering  and  Mining  Journal-Press.  Vol.   115  (1923),  No.  24,  pp. 

1055-61. 
Estimation  of  Erythrosin.     Walter  C.    Holmes.     Color   Trade    Journal, 

Vol.  13  (1923),  No.  1,  pp.  4-5. 
Extinction  of  Coal  Mine  Fires  by  Means  of  Liquefied  Carbon  Dioxide. 

Charles  L.  Jones.     Coal  Industry.  Vol.  6  (1923),  No.  6,  pp.  272-79. 
Gas  Producer  Practice  Discussed  and  a  Standard  Method  for  Making  Heat 

Balances    Suggested.     William    B.    Chapman.     The   Class  Industry, 

Vol.  4  (1923),  No.  7,  pp.  123-26. 
Historical  Review  of  the  Steaming  Process  in  Calico  Printing.     J.  R.  Han- 
nay.     Journal  of  the  Society  of  Dyers  and  Colourists,  Vol.  38  (1923), 

No.  6,  pp.   169-74. 
I  Metodi  Rapidi  di  Determinazione  del  Carbonio  negli  Acciai  e  nelle  Ghise. 

I.  MuSATTi  AND  M.  Croce.      Giornale  di  Chimica  Industriale  ed  Appli- 

cata.  Vol.  5  (1923),  No.  5,  pp.  225-33. 
La  Determination  du  Pouvoir,  Comburivore  et  le  Dosage  de  I'Azote  du 

Gas   d'Eclairage.     Maurice   Nicloux.     Chimie  et  Industrie,   Vol.   9 

(1923),  No.  5,  pp.  866-71. 
L'Evaporizione  per  Mezzo  della  Termo-compressione.     Leone  Levi  Bian- 

chini.     Giornale  di  Chimica  Industriale  ed  Applicata,  Vol.  5  (1923), 

No.  5,  pp.  219-25. 
LTndustrie  des  Verres  Basiques.     A.   Bigot.     Ckemie  el  Industrie,  Vol. 

9  (1923),  No.  5,  pp.  851-62. 
Manufacture    of    Wood    Extract.     J.    Arthur   Rbavbll.     Journal   of  the 

Society  of  Chemical  Industry,  Vol.  42  (1923),  No.  23,  24ST-50T. 
On  the  Science  of  Soaking.     G.  D.  McLaughlin  and  E.  R.  Thies.     Jour- 
nal of  the  American  Leather  Chemists  Association,  Vol.  18  (1923),  No. 

7,  pp.  324-58. 
Production  and  Utilization  of  Producer  Gas  for  Heating  Open  Hearth  Fur- 
naces.    M.  G.  HussoN.      Blast  Furnace  and  Steel  Plant,  Vol.  11  (1923), 

No.   6,  pp.  328-30.     Translated  from   Revue  de  I'Industrie  Mineraie. 
Recovery  of  Fuel  from  Ashes.     H.  A.  Prager.     Chemical  Age  {London), 

Vol.  8  (1923),  No.  209,  pp.  63S-10. 
Scientific  Washing.     V.     F.   H.   Guernsey.     American  Dyestuff  Reporter, 

Vol.  12  (1923),  No.  14,  pp.  496-97. 
Some  Biochemical  Notes  on  Animal  Skin.     G.  D.  McLaughlin  and  E.  R. 

Theis.     Journal  of  the   American   Leather   Chemists  Association,  Vol. 

18  (1923),  No.  7,  pp.  307-24. 
Spectroscopy  of  Dyes.     Walter  C.  Holmes.     Color  Trade  Journal,  Vol. 

13  (1923),  No.  1,  pp.  6-9. 
Studies  in  the  Hydrogenation  of  Benzene.     Gregg  Dougherty  and  Hugh 

S.  Ta\-lor.     Journal  of  Physical  Chemistry,  Vol.  27  (1923),  No.  6, 

pp.  533-57. 
Use   of  Rubber  Products   as  Dielectrics.     W.   S.   Flight.     India- Rubber 

Journal,  Vol.  65  (1923),  No.  24,  pp.  13-20. 
Vulcanization    of   Rubber.     Henry    P.    Stevens.     India- Rubber   Journal, 

Vol.  65  (1923),  No.  22,  pp.  13-19. 

MANUFACTURERS'  TECHNICAL  PUBLICATIONS 

Citrus   Culture  in  Florida.     H.   J.   Wheeler.     149   pp.     The   American 

Agricultural  Chemical  Co.,  Jacksonville,  Fla. 
Crushers:  A  16-page  pamphlet  descriptive  of  the  Pennsylvania  crushers  with 

special  reference  to  their  ability  to  dispose  of  tramp  iron  automatically. 

Published  by  the  Pennsylvania  Crusher  Co.,  Philadelphia. 
Haubold  Self-Unloading  Centrifuge.     A  9-page  catalog  published  by  Emil 

E.  Lungwitz,  90  West  St.,  New  York. 
Silica  Gel:  Refining  and  Recovery  of  Petroleum  Products  with  Silica  Gel. 

A  35-page  bulletin  embodying  the  paper  by  E.  B.  Miller  presented  and 

discussed  at  the  fifteenth  semi-annual  meeting  of  the  American  Institute 

of  Chemical  Engineers.     Published  by  the  SaiCA  Gel  Corporation, 

1100  Garrett  Bldg.,  Baltimore,  Md.      Bulletin  4,  July,  1923. 
Spray  Heads:  A-a   S-page   bulletin   descriptive  of  various  types  of  spray 

heads  for  producing  mists  as  in  sulfuric  acid  chambers.     Published  by 

the    Monarch    Manufacturing   Works,   Salmon    &   Westmoreland 

Sts.,  Philadelphia. 
Water  Treatment:  A  comparison  of  the  results  obtained  by  the  various  typei 

of  water  treatments  and  the  uses  to  which  each  is  best  put.     Published 

by  the  Graver  Corporation,  East  Chicago,  Ind. 
1923  "Year  Book"  Commercial  Fertilizer.     162  pp.     For  free  distribution. 

Walter  W.  Brown,  4th  Floor  Hurt  Building,  Atlanta,  Ga. 
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GOVERNMENT    PUBLICATIONS 

Notice — Publications  for  which  price  is  indicated  can  be  purchased  from 
the  Superintendent  of  Documents,  Government  Printing  OMce,  Washiniton, 
D.  C.  Other  publications  can  usually  be  supplied  from  the  Bureau  er  De- 
partment from  which  they  originate. 

Bureau  of  Mines 

Atmospheric  Conditions  and  Physiological  Effects  Produced  on  Trainmen 

by  Locomotive  Smoke  in  the  Aspen  and  the  Wahsatch  Tunnels  of  the 

Union  Pacific  Railroad.     S.  P.  Kinney.     Reports   of  Imiesligations  2494. 

13  pp.     Issued  June,  1923. 
Barite  and  Ocher  in  the  Cartersville,  Georgia,  District.     W.  M.  Weioel. 

Report':  of  Invcslisations  2iTJ.      11pp.     Issued  May,  1923. 
Coal-Mine  Fatalities  in  April,  1923.     W.  W.  Adams.      Reports  of  Investi- 
gations 2483.     3  pp.      Issued  May,  1923. 
Coal-Mine    Fatalities    in     May,    1923.     W.    W.    Adams.      Reports   of  In- 
..vestigations  2i9S.     3  pp.      Issued  June,  1923. 

Coal-Mine  Fatalities  in  the  United  States,  1922.     W.  W.  Adams.      Tech- 
nical   Paper    339.     97  pp.     Paper,  10  cents. 
Comparison  of  Gas  Masks,  Hose  Masks,  and  Oxygen  Breathing  Apparatus. 

S.    H.   Katz  AND  J.  J.  BouRQUlN.     Reports  of  Investigations  2^%9,     5  pp. 

Issued  June,  1923. 
Dangers  of  and  Treatment  for  Carbon  Monoxide  Poisoning.     R.  R.  Savers 

AND  W.  P.  Yant.      Reports  of  Investigations  Zi76.     11pp.     Issued  May, 

1923. 
Explosion-Proof  Coal-Cutting  Equipments  Approved  Prior  to  January  1, 

1923.     E.   J.   Gleim.      Reports  of  Investigations  2481.     (Supplementary 

to  Bulletin  7.S.)      14  pp.      Issued  May.  1923. 
Explosives  Used  in  April,  1923.     W.  W.  Adams.      Reports  of  Investigations 

2490.     6  pp.     Issued  June,  1923. 
Explosives  Used  in  March,  1923.     W.  W.  Adams.      Reports  of  Investigations 

2478.      0  pp.      Issued   May,   1923. 
Fluorspar  Mining  in  the  Western  States.     R.  B.  Ladoo.      Reports  of  In- 
vestigations 2480.      35  pp.      Issued  May,  1923. 
Gasoline  Saved  on  Government  Trucks  by  Adjusting  Carburetors  by  Ex- 
haust Gas  Analysis.     G.  W.  Jones  and  A.  C.  Fieudner.      Reports  of 

Investigations  2487.     13  pp.     Issued  June,   1923. 
Globe-Miami   Mine   Rescue   Maneuvers.     E.    D.    Gardner.     Reports   of 

Inicstigations  2473.     4  pp.     Issued  May,  1923. 
Hydrogen  Sulfide  as  an  Industrial  Poison.     R.  R.  Severs,  C.  W.  Mitchell. 

AND  W.  p.  Yant.      Reports  of  Investigations  2491.     6  pp.      Issued  June, 

1923. 
Motor  Gasoline  Surveys  of  1920  and  1921.     N.  A.  C.  Smith.     Technical 

Paper  328.     (Sequel  to  Bulletin   191.     Includes  list  of  Bureau  of  Mines 

publications  on  gasoline.)      41  pp.      Paper,  5  cents. 
Production  of  Explosives  in  the  United  States  during  the  Calendar   Year 

1922  with  Notes  on  Mine  Accidents  Due  to  Explosives.     W,  W.  Adams. 

Technical  Paper  340.     25  pp.     Paper,  5  cents. 
Quarrying  to  Obtain  a  Uniform  Lime  Product.     Oliver  Bowles.     Reports 

of  Investigations  2479.     6  pp.      Issued  May,  1923. 
Results  of  Assays  of  the  New  Albany  Oil  Shale.     J.  R.  Reeves.     Reports 

of  Investigations  2492.      11  pp.      Issued  June,   1923. 
Survey  of  Pacific  Coast  Petroleum  Products.     Part  2.     Lubricating  Oils. 

E.  C.  Lane  AND  N.  F.  LeJeune.      Reports  of  Investigations  2AS2.     26  pp. 

Issued  May,  1923. 
The  Metallurgical  Treatment  of  Zinc  Retort  Residues.     B.  M.  O'Hara. 

Reports   of  Investigations   2475.      12   pp.      Issued    May,    1923. 
The  Pyrotannic  Acid  Method  for  the  Quantitative  Determination  of  Carbon 

Monoxide  in  Blood  and  Air.     R.  R,  Savers,  W.  P.  Yant,  and  G.  W. 

Jones.      Reports    of   Investigations    2486.     6    pp.      Issued    June,    1923. 
The  Reduction  of  Iron  Oxides  by  Fuel  Gases.     E    D.  Eastman.     Reports 

of  Investigations  2485.     14  pp.     Issued  June.   1923. 
Underground  Ventilation  at  Butte.     Daniel  Harrington.      Bulletin  204. 

131  pp       Paper.  25  cents. 
Why  Not  Scrap  "the  Davy?"     J.   W.  Paul  and  A.   B.  HodKER.      Reports 

of  Investigations   2484.     3   pp.     Issued   June,    1923. 
Who  May  Set  Off  Blasts  in  Coal  Mines?   (State  regulations  relating  thereto.) 

L.  C.  ILSEV.      Reports  of  Investigations  2488.     9  pp.     Issued  June,  1923. 

Census  Bureau 

Brass,  Bronze,  Copper,  and  Allied  Products.  Manufactures,  1921.  Pre- 
pared under  the  supervision  of  E.  F.  Hartley.      18  pp.      Paper,  5  cents. 

The  Rubber  Industry.  Manufactures,  1921.  Prepared  under  the  super- 
vision of  E.  F    Hartley.      Paper.  5  cents. 

Department  of  Agriculture 

Adulteration  of  Insect  Powder  with  Powdered  Daisy  Flowers  [Chrysan- 
themum leucanthemum  L.)  with  List  of  Literature  Cited.  R.  C.  Roark 
AND  G.  L.  KeEnan.  Department  Bulletin  795.  Prepared  in  cooperation 
with  Insecticide  and  Fungicide  Board.  10  pp.  Paper,  5  cents.  Re- 
vised   May    15,    1923. 

Apple  By-products  as  Stock  Foods.  G.  P.  Walton  and  G.  L.  Bidwell. 
Department    Bulletin   1166.     40  pp. 


Chemical,  Physical,  and  Insecticidal  Properties  of  Arsenicals.  F.  C.  Cook 
AND  N.  E.  MclNDOo.  Department  Bulletin  1147.  58  pp.  Paper,  10 
cents.     Issued  June  9,  1923. 

Dusting  for  Cotton  Boll  Weevil.  B.  R.  Coad  and  T.  P.  Cassidy.  De- 
partment Circular  274.     3  pp.     Paper,  5  cents.     Issued  May,  1923. 

Home  Tanning  of  Leather  and  Small  Fur  Skins.  R.  W.  Frev,  I.  D.  Clarkb, 
AND  F.  P.  Veitch.     Farmers'  Bulletin  1334.     28  pp.     Paper,  5  cents. 

Production  of  Sirup  from  Sweet  Potatoes.  H.  C.  Gore,  H.  C.  Reess, 
AND  J.  O.  Reed.     Department  Bulletin  1158.     34  pp. 

Studies  on  Contact  Insecticides  with  List  of  Literature  Cited.  C.  H.  Rich- 
ardson AND  C.  R.  Smith.  Department  Bulletin  1160.  Prepared  in 
cooperation  with  the  Bureau  of  Chemistry.  16  pp.  Paper,  5  cents. 
Issued  May  29,  1923. 

Wearing  Qualities  of  Shoe  Leathers.  F.  P.  Veitch,  R.  W.  Frey,  and 
I.   D.  Clarke.      Department    Bulletin   1168.     24  pp.      Issued  July,   1923 

Department  of  Commerce 

List  of  Publications  of  the  Department  of  Commerce  Available  for  Distribu- 
tion.    21st  ed..  May  1,  1923.     95  pp. 

Petroleum  Map  of  the  Dutch  East  Indies  and  British  Borneo.  Compiled 
by  A.  T.  CouMBE,  Jr.,  Petroleum  Division,  Bureau  of  Foreign  and  Do- 
mestic Commerce. 

Portuguese  East  Africa:  Its  Resources,  Industries,  and  Trade.  S.  W. 
HoNAKER.     Special  Consular   Report  85.     30  pp.     Paper,   5  cents. 

Geological  Survey 

Coke  and  By-products  in  1921.  R.  S.  McBride.  Separate  from  Mineral 
Resources  of  the  United  States,  1921,  Part  II.  74  pp.  Published 
June  14,  1923. 

Geology  and  Ground-Water  Resources  of  Sacramento  Valley,  California. 
Kirk  Bryan.  Water-Supply  Paper  495.  Prepared  in  cooperation  with 
the  Department  of  Engineering  of  the  State  of  California.  285  pp. 
Paper,   60  cents. 

Gold,  Silver,  Copper,  Lead,  and  Zinc  in  the  Eastern  States  in  1922.  Mines 
Report.  J.  P.  DuNLOP.  Separate  from  Mineral  Resources  of  the  United 
States,  1922,  Part  I,      S  pp.      Published  June  12,  1923. 

Mineral  Resources  of  the  United  States,  1920.  Part  I.  Metals.  G.  F. 
LouGHLiN.     611  pp.     Cloth.     1923. 

Surface  Waters  of  Wyoming  and  Their  Utilization.  Robert  Follansbeb. 
Water-Supply  Paper  469.  Prepared  in  cooperation  with  the  State  of 
Wyoming.     331  pp.      Paper,  40  cents. 

Structure  and  Oil  and  Gas  Resources  of  Osage  Reservation,  Oklahoma. 
David  White  and  others.  Bulletin  686;  House  Doc.  1725,  65th  Con- 
gress, 3rd  session.     427  pp.     Paper,  $1.76, 

The  Commercial  Granites  of  New  England.  T,  N.  Dale.  Bulletin  738. 
488   pp.     Paper,   50   cents. 

The  Industrial  UtiUty  of  Public  Water  Supplies  in  the  United  States.  W. 
D.  Collins.     Water-Supply   Paper  496.     59  pp.     Paper,   10  cents. 

Government  Printing  Office 

Agricultural  Chemistry.  List  of  publications  for  sale  by  Superintendent 
of   Documents.      Price  List    40,   15th  ed.     6  pp.      Issued   May,    1923. 

Commerce  and  Manufactures.  List  of  publications  for  sale  by  Superin- 
tendent of  Documents.  Price  List  62,  6th  ed.  51  pp.  Issued  April, 
1923. 

Mines,  Explosives,  Fuel,  Gas,  Gasoline,  Petroleum.  List  of  publications 
for  sale  by  the  Superintendent  of  Documents.  Price  List  58,  10th  ed. 
22  pp.     Issued  April,  1923. 

Public  Health  Service 

Studies  on  the  Permeability  of  Living  and  Dead  Cells.  I.  New  Quantita- 
tive Observations  on  the  Penetration  of  Acids  into  Living  and  Dead 
Cells.  M.  M,  Brooks.  Public  Health  Reports  38  (June  29,  1923), 
1449-1470. 

Studies  on  the  Permeability  of  Living  and  Dead  Cells.  II.  Observations 
on  the  Penetration  of  Alkali  Bicarbonates  into  Living  and  Dead  Cells. 
M.  M.  Brooks.     Public   Health   Reports    38  (June  29,  1923),  1470-7. 

The  Effect  of  "Arsenic  Fastness"  of  Trypanosoma  Equiperdum  on  the  Ratios 
between  the  Parasiticidal  Values  of  Axsphenamine  and  Neoarsphen- 
amine.  G.  C.  Lake  and  T.  F.  Probev.  Public  Health  Reports  38 
(June  15,  1923),  1347-50. 

The  Principles  Underlying  the  Movement  of  Bacillus  Coli  in  Ground  Water 
with  Resulting  Pollution  of  Wells.  C.  W.  Stiles  and  H.  R.  Crohurst. 
Public   Health    Reports    38  (June  15,  1923),  1350-3. 

Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian  Institution 
Showing  the  Operations,  Expenditures,  and  Condition  of  the  Institution 
for  the  Year  Ending  June  30,  1921.  Publication  2675.  638  pp.  Issued 
July,    1923. 

Lead.  C.  W.  Mitman.  Publication  2704.  From  the  Smithsonian  Report 
for  1921.     20  pp.     Issued  July,  1923. 

United  States  National  Museum 

Manufactured  Gas  in  the  Home.  The  Mineral  Industries  of  the  United 
States.     S.  S.  WvER.      Ba//c/in  102,  /'aW  8.   24  pp.  1923.     Paper,  10  cents. 
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MARKET  REPORT— JULY,  1923 

(Supplied  by  Drug  &  Chemical  Markets] 


The  general  features  of  the  market  for  industrial  chemicals 
are  much  the  same  as  those  which  prevailed  during  the  preceding 
month.  The  usual  summer  dxillness  has  been  apparent  on  all 
sides  and  is  an  extension  of  the  quiet  period  which  has  prevailed 
during  the  past  few  months.  Alost  industries  appear  to  be 
running  at  reduced  capacity  and  buying  in  some  lines  is  at  a 
standstill,  or  only  in  sufficient  quantities  to  satisfy  immediate 
requirements.  With  restricted  buying  in  the  market,  the  trend 
of  prices  continues  downward,  imported  chemicals  leading  the 
decline  in  prices.  The  foreign  situation  continues  to  be  a  dis- 
turbing influence  in  domestic  business  with  oiferings  from  abroad 
steadily  lower  in  price,  while  the  purchasing  power  of  foreign 
markets  is  at  a  minimum. 

In  many  instances  manufacturers  are  now  endeavoring  to 
market  surplus  stocks  and  are  running  their  plants  at  minimum 
capacity.  Buyers  are  therefore  little  interested  in  prices  and  are 
unwilling  to  purchase  even  at  what  appear  to  be  very  attractive 
prices.  It  is  proverbial  that  consumers  do  not  buy  in  a  declining 
market  and,  until  a  buying  movement  begins  again,  prices  wUl 
continue  to  be  subject  to  shading  in  many  lines.  In  the  list  of 
heavy  chemicals  imported  products  are  quite  plentiful  and  many 
importers  have  been  forced  to  sell  at  a  loss  in  order  to  move  their 
goods  and  realize  something,  rather  than  pay  high  storage  charges. 
Domestic  makers  have  been  much  slower  in  reducing  prices, 
owing  to  the  fact  that  operating  costs  continue  at  high  levels. 

A  leading  maker  of  bleaching  powder  reduced  the  price  of 
bleach  15  cents,  from  $1.90  to  $1.75  per  hundred  on  contract 
for  the  third  quarter  of  the  year,  the  action  being  induced  by 
slowing  up  in  paper  and  textile  mills  and  a  desire  to  move  stocks 
which  are  difficult  to  keep  during  warm  weather.  Not  all  bleach 
makers  followed  this  reduction  and  some  are  still  quoting  $1.90. 
Chlorine  was  also  lower  for  large  lot  business.  Demand  for 
bichromates  has  dropped  off  and  makers  have  reduced  prices. 
Prussiates  have  been  declining  steadily.  Yellow  potassium 
prussiate  has  dropped  as  low  as  30  cents  a  pound  and  the  red 
is  down  to  65  cents  a  pound.  Imported  sodium  prussiate  has 
sold  at  13  cents  while  domestic  makers  are  holding  at  15'/2  cents 
a  pound.  Lack  of  demand  for  prussiate  colors  is  the  main  reason 
for  the  present  inactivity  and  decline  in  prussiates.  The  season 
for  copper  sulfate  buying  is  practically  over  and  only  repeat 
orders  from  agricultural  districts  are  in  evidence.  Domestic 
makers  are  maintaining  a  S'A  to  S'/z  cents  per  pound  price, 
while  imported  material  has  fallen  to  4'/2  cents  and  a  few  sales 
have  been  recorded  below  this  price.  Oxalic  acid  has  declined 
in  competition  with  imported  goods.  Potassium  chlorate  is 
lower.  Imported  caustic  potash  is  a  trifle  lower  while  domestic 
is  unchanged.  Tin  crystals  dropped  4  cents  a  pound  for  July. 
Ammonium  chloride  is  easier.  Glauber's  salt  is  slightly  higher. 
Methyl  acetone  is  up. 


Arsenic  prices  broke  sharply  during  the  month  and  the  market 
presents  a  weak  appearance.  Sales  have  been  made  at  10  cents 
per  pound.  Supplies  have  been  increasing  steadily  while  demand 
has  been  lacking  owing  to  the  slowness  with  which  calcium 
arsenate  has  been  moving  this  season.  Dealers  in  the  South  and 
local  markets  have  been  well  supplied  with  stocks  of  arsenate, 
but  planters  have  not  been  buying  until  absolutely  necessary. 
Evidently,  the  boll  weevil  has  not  been  as  active  this  year  as  was 
expected.  Early  estimates  predict  a  larger  cotton  crop  this  year 
than  last,  which  also  tends  to  bear  the  market  in  arsenate.  Prices 
are  down  to  14  to  15  cents  per  pound  in  the  market. 

Crude  coal-tar  products  continue  to  increase  in  supply,  with 
consequent  reductions  in  prices.  The  feature  of  this  market  has 
been  the  decline  in  phenol  and  the  entrance  of  another  American 
manufacturer  in  the  field.  The  latter  openly  quoted  a  price  of 
35  cents  per  pound,  while  another  maker  is  quoting  50  cents  per 
pound.  In  the  open  market  lack  of  demand  gradually  sent  the 
price  from  50  cents,  which  prevailed  last  month,  to  36  cents  per 
pound  and  less.  Another  maker  of  phenol  is  soon  expected  to 
begin  operations.  Others  are  reported  to  be  making  phenol 
at  present  and  the  situation  has  eased  considerably,  though 
prices  are  still  considered  high  by  many  consumers.  Cresylic 
acid  has  also  become  more  abundant,  due  to  recent  importations 
within  the  tariff  regulations,  and  prices  are  on  the  decline.  Sales 
have  been  reported  at  85  cents  per  gallon,  though  most  sellers 
are  quoting  $1.00  to  $1.15.  Naphthalene  has  dropped  in  price 
with  the  close  of  the  consuming  season  for  flake  material.  Dye- 
stuff  naphthalene  has  also  been  quiet  due  to  inactivity  in  inter- 
mediates and  dyestuffs.  Benzene  and  toluene  are  more  plentiful 
and  prices  are  inclined  to  be  a  trifle  easier.     Xylene  is  lower. 

The  market  for  animal  and  vegetable  oils  continued  weak  and 
the  price  trend  has  been  downward.  Stearic  acid  and  red  oil 
are  easier  due  to  weakness  in  tallow.  Linseed  oil  is  easy  due  to 
slow  demand  at  present  prices  and  bearish  reports  on  domestic 
flaxseed  crops.  China  wood  oil  is  holding  up  in  price  due  to 
scarcity,  though  demand  is  quiet.  Menhaden  oil  is  held  at  high 
prices,  but  buyers  say  that  they  will  not  be  interested  until 
lower  prices  are  named.  Turpentine  dropped  to  93  cents  per 
gallon. 

Among  the  medicinals,  menthol  has  declined  from  its  high 
price  of  $10.00  a  pound  and  is  now  quoted  at  $9.75  per  pound 
for  cases,  owing  to  competition  among  dealers  on  spot.  The 
potential  demand  is  said  to  be  large  in  view  of  the  fact  that 
manufacturers  have  been  carrying  only  small  supplies.  They 
appear  to  be  waiting  for  an  opportune  time  to  come  into  the 
market.  Potassium  permanganate  stocks  have  been  too  heavy 
to  cause  any  appreciable  amount  of  trading,  quoted  easy  at 
16'/2  to  IS'/j  cents  a  pound,  spot  as  to  seller  and  quantity. 


1920 


1921 


1922 


1923 


INDUSTRIAL  CHEMICAL  PRICES 
Average  Price  Per  Hundred  Pounds  of 
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INOBOANIC  CHEMICALS 


Acid,  Boric,  cryst.  bbls lb. 

Hydrochloric,comm'1.20">lb. 

HydroBuoric,  30%  bbls..  ,1b. 

Hydriodic.  10%  U.  S.  P...lb. 

Nitric,  42°.  cbys.c/I  wks.lb. 

Phosphoric,  50%  tech.. .  .lb. 

Sulfuric,  C.  P lb. 

66°  tks.  wks ton 

Oleum,  20% ton 

Alum,  Ammonia,  lump lb. 

Potash,  lump lb. 

Chrome lb. 

Soda,  ground lb. 

Aluminum  Sulfate  (iron-free)  .lb. 
Ammonium  Carbonate,  pwd..lb. 

Chloride,  white  gran lb. 

Ammonia,  anhydrous lb. 

Ammonia  Water,  drums,  26°. lb. 

Arsenic,  white lb. 

Barium  Choride ton 

Nitrate lb. 

Barytes,  white ton 

Bleaching  Powd.,  35%,  works 

100  lbs. 

Borax,  cryst.,  bbls lb. 

Bromine,  pure,  wks lb. 

Calcium  Chloride,  fused,  f.o.b. 

N.  y ton 

Chlorine,  Uquid lb. 

Copper  Sulfate 100  lbs. 

Iodine,  resublimed lb. 

Lead  Acetate,  white  crystals,  .lb. 

Nitrate lb. 

Red 100  lbs. 

White  (Carb.) lb. 

Lime,  live  and  hydrated,  bbL.lb. 

Oyster  shell lb. 

Lime  Acetate 100  lbs. 

Magnesium  Carbonate,  tech.  .lb. 

Magnesite,  calcined ton 

Phosphorus,  yellow lb. 

Red lb. 

Plaster  of  Paris,  tech bbl. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate.  calc.,S0-85%.lb. 

Chlorate,  cryst lb. 

Hydroxide,  88-92% lb. 

Iodide,  bulk,  U.  S.  P lb. 

Nitrate lb. 

Permanganate.  U.  S.  P..  .lb. 

Prussiate,  red lb. 

Yellow lb. 

Salt  Cake,  bulk ton 

Silver  Nitrate oz. 

Soda  Ash,  58%,  bags 100  lbs. 

Caustic,  76%.  N.  Y.  100  lbs. 
•  Resale  or  Imported  (not  a 


1.  1923 

■  ll'A 

■  Olhi 


.05?i 

.05M 

.06 

.08 

.08 

.08 

.09 

.09 

.07 

15.00 

15.00 

15.00 

19.00 

19.00 

18.00 

.0,SK 

.03}^ 

.03H 

*.03H 

♦.03}i 

*.03K 

.05J4 

.051.^ 

.05^ 

.04 

.04 

.04 

.02H 

.02"-^ 

.02}^ 

.09 

.09 

.09K 

.07K 

■  07  H 

.07'^ 

.30 

.30 

.30 

.07}^ 

.073-^ 

.07K 

.14 

.12 

Ab'A 

•80.00 

♦80.00 

*92.50 

*.07?i 

*.07'a 

*.07H 

33.50 

33.50 

33.50 

1.75 

1.75 

2.15 

.OS'A 

.05M 

.05J-3 

.29 

.29 

.29 

24.50 

24.50 

24.50 

.OS'i 

.Oo'A 

.OoH 

5.60 

5.50 

6.25 

4.55 

4.55 

4.50 

.14 

.14 

.13 

.22 

.22 

.22 

11.40 

11.40 

10.60 

.09% 

.095i 

.08H 

.OIK 

•OIJ'2 

.OVA 

3.30 

3.30 

3.30 

.IHi 

.11 

.10 

.18 

•.17 

.14>.^ 

*.06K 

•.06}^ 

•.0S1.2 

*.07}4 

*.07 

*.05H 

•.07J-2 

*.07i^ 

•.08 

3.75 

3.75 

3.60 

.06M 

■  06A 

.06H 

*.u'A 

•.16H 

•.16 

*.68 

•.65 

*.90 

*.35 

•.32 

•.38 

26.00 

26.00 

28.00 

■  HA 

.44H 

.44 

•2.00 

•2.00 

•2.00 

3.70 

3.70 

3.50 

American  maker' 

s  price). 

Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulfite,  powd lb. 

Chlorate lb. 

Cyanide.  96-98% lb. 

Fluoride,  tech lb. 

Hyposulfite,  bbls..  .  100  lbs. 

Nitrate,  95% 100  lbs. 

Nitrite lb. 

Prussiate,  yellow lb. 

Phosphate  (di-sod.),  tech. lb. 

SiUcate,  40° 100  lbs. 

Sulfide,  60%,  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude,  mines long  ton 

Tin  Bichloride,  50%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbls lb. 


July  1 

July  15 

Jan.  1923 

.05H 

.05K 

.07H. 

2.25 

2.25 

2.00 

•  OSJii 

.08 

.075i 

.04 

.04 

.04 

.06M 

.06 14 

.06}^ 

.23 

.23 

.23 

■  09'A 

.09J^ 

.09H 

2.90 

2.90 

3.60 

2.42>a 

2.42}^ 

2.57H 

■  OTA 

.07}^ 

.08^ 

.15 

.14 

ASA 

.03)4 

.03H 

.03K 

.80 

.80 

.80 

.05 

.05 

.05 

*.ll 

*.09i-^ 

*.08Ji 

3.00 

3.00 

3.00 

14.00 

14.00 

14.00 

.11, '2 

.llJi 

.10>i 

OEGANIC  CHEMICALS 


AcetaniUde,  U.  S.  P..  bbls lb. 

Acid.  Acetic,  28  p.  c lOU  lbs. 

Glacial 100  lbs. 

Benzoic,  U.  S.  P lb. 

Carbolic,  cryst.,  U.  S.  P., 

drums lb. 

50-  to  UO-lb.  tins.,  .lb. 

Citric,  crystals,  kegs lb. 

Oxahc.  cryst..  bbls..  wks.lb. 

Pyrogallic.  resubUmed. .  .lb. 

SaUcyUc.  U.  S.  P lb. 

Tannic,  U.  S.  P.,  bbls lb. 

Tartaric,  cryst.,  U.  S.  P...lb. 

Acetone,  drums lb. 

Alcohol.denatured,  complete,  gal. 

Ethyl,  190  proof,  bbls. .  .gal. 

Amyl  Acetate gal. 

Camphor,  Jap,  refined,  cases  .lb. 
Carbon  Bisulfide,  c/1 lb. 

Tetrachloride lb. 

Chloroform.  U.  S.  P..  drums,  .lb. 

Creosote.  U.  S.  P lb. 

Cresol,  U.  S.  P lb. 

Dextrin,  corn 100  lbs. 

Imported  Potato lb. 

Ether,  U.  S.  P.,  100  lbs lb. 

Formaldehyde,  bbls lb. 

Glycerol,  dynamite,  drums. .  .lb. 

Methanol,  pure,  drums gal. 

Methylene  Blue,  med lb. 

Petrolatum,  light  amber lb. 

Pyridine gal. 

Starch,  corn,  pow'd 100  lbs. 

Potato.  Jap lb. 


.35 
3.38 


.32 

.35 

3.38 

3.17H 

12.75 

12.05 

.1234 

1.55 


•.48J4 
.13A 


4.75 

4.78 

4.70 

3.50 

3.50 

2.50 

.88 

.88 

.86 

.06M 

.06M 

.06?i 

.10}^ 

.  lOA 

.lOH 

.35 

.35 

.35 

.50 

.50 

.40 

.25 

.25      • 

.25 

3.79 

3.79 

3.09 

.07 

.07 

.09 

.13 

.13 

.13 

.14M 

.14« 

.18 

.HA 

.15 

.16}4 

1.30 

1.30 

1.35 

2.25 

2.25 

2.25 

.04J^ 

■  OiA 

.03% 

4.00 

4.00 

2.75 

3.22 

3.22 

2.47 

.05 

.05 

.06% 

.04H 

■  OiA 

.03'A 

1920 

1921                  1                  1922 

1923                II 

MEDICINAL  CHEHICAL  PRICES 
\verage  Price    of  Twenty  Repre-; 

sentative  Pine  Chemicals 
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INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


^  pure,  wbite. 

CMtor  Oil,  No.  3 "i- 

"Ccresin,  yellow ">• 

Corn  Oil,  crude,  tanks,  miUs..  .lb. 
Cottonseed  Oil,  crude,  f.  o.  b. 

miU ">. 

Linseed  Oil,  raw,  Ic/l gal- 
Menhaden  Oil,  crude,  mills.,  .gal. 
Neat's-foot  Oil,  20° lb- 
Paraffin,  128-130  m.  p.,ref....lb. 
Rosin,  "F"  grade,  280  lbs.. .  .bbl. 

Rosin  Oil,  6rst  run gal- 

Shellac,  T.N lb- 
Sperm    Oil,     bleached     winter, 

38° sal- 

Stearic  Acid,  double  pressed.,  .lb. 
Tallow  Oil,  acidless lb- 
Turpentine,  spirits  of gal- 


Aluminium,  No.  1,  ingots lb 

Antimony,  ordinary 100  lbs 

Bismuth "" 

Copper,  electrolytic lb 

Lake 

Le.d.N.Y 100  lbs. 

Nickel,  electrolytic lb 

Platinum,  refined,  soft oz 

Quicksilver,  flask 75  lbs.  ea 

Silver,  foreign 

Tin 

Tungsten  Wolframite per 

ZincN.  Y 100  lbs 


OILS,  WAXES,  ETC. 


,  ...Ib. 


Vol.  15,  No.  i 

July  15         Jan.  1923 


36 

.36 

.36 

14H 

.U14 

.13 

08H 

.08H 

.08)^ 

09  H 

.07% 

.09Ji 

FEBTILIZEK  MATERIALS 


Ammonium  Sulfate,  expt.lOO  lbs.  3.50 

Blood,  dried,  f .  o.  b.  N.  Y . . .  unit  3.75 

Bone,  3  and  50,  ground,  raw. .  ton  28 .  00 

Calcium    Cyanamide,    unit    of 

ammonia 2 .  25 

Fish  Scrap,  dried,  wks unit  4.00 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton  3.25 

Florida, 70% ton  3.55 

Florida,  74-75% ton  4.50 

Tennessee,  72% ton  5.50 

PoUssium  Muriate,  80% ... .  unit  .  68 

Tankage,   high-grade,    f.    o.   b. 

Chicago unit  3.50& 


.12}^ 
.UK 


6.75 

6.75 

6.75 

2.75 

2.75 

2.75 

.15 

.U% 

.li'A 

.15H 

.UVa 

.li'A 

7.00 

6.00 

7.80 

.29 

.29 

.36 

.        118.00 

116.00 

118.00 

67.50 

66.00 

73.00 

.65)4 

.63 

.63 

.405^ 

.38 

.39 

t             8.50 

8.35 

7.50 

6.10 

6.50 

8.25 

3.50 

3.90 

3.75 

4.70 

J8.00 

28.00 

2.25 

2.25 

4.00 

5.35  & 

3.25 

3.00 

3.55 

3.55 

4.50 

4.50 

5.50 

5.25 

10     3.50  &  .10     4.75  &  .10 


COAL-TAR  CHEMICALS 

Crudes 

Anthracene,  80-85% lb.  .75 

Benzene,  pure,  tanks gal.  .  27 

Naphthalene,  flake lb.  .08 

phenol,  drums lb.  .50 


.0614 
.32 


Crudes     (concluded) 

Toluene,  pure,  tanks gal. 

Xylene,    2    deg.    dist.     range, 

drums gal. 

Intermediates 
Acids: 

Anthranilic lb. 

Benzoic,  tech lb. 

Cleve's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

Monosulfonic  F lb. 

Napbthionic,  crude lb. 

Nevile  &  Winther's lb. 

Picric lb 

Sulf  anilic lb. 

Tobias' lb. 

Aminoazobenzene lb. 

AniUne  OU lb. 

Aniline  Salt lb. 

Anthraquinone  (sublimed) lb. 

Benzaldehyde,  tech lb. 

U.S.  P lb. 

Benzidine  Base lb. 

Benzidine  Sulfate lb. 

Diaminopbenol lb. 

Dianisidine lb. 

p-Dichlorobenzene lb. 

Diethylaniline lb. 

Dimethylaniline lb. 

Dinitrobenzene lb. 

Dinitrotoluene lb. 

Diphenylamine lb. 

G  Salt lb. 

Hydroquinol lb. 

Monochlorobenzene lb. 

MonoethylaniUne lb. 

t-Naphthol,  dist lb. 

a-Naphthylamine lb. 

b-Naphthylamine lb. 

m-Nitroaniline lb. 

^-Nitroaniline lb. 

Nitrobenzene  (Oil  Mirbane) . .  .lb. 

^-Nitrophenol lb. 

o-Nitrotoluene lb. 

^-Nitrotoluene lb. 

m-Phenylenediamine lb. 

p-Phenylenediamine lb. 

Pbthalic  Anhydride lb. 

R  Salt lb. 

Resorcinol,  tech lb. 

U.  S.  P lb. 

SchaeSer's  Salt lb. 

Sodium  Naphthionate lb. 

Thiocarbanilide lb. 

ToUdine  (base) lb. 

Toluidine,  mixed lb. 

o-Toluidine lb. 

/(-Toluidine lb. 

m-Toluylenediamine lb. 

Xylidine lb. 


.70 

1.00 

1.80 

.80 

.60 

2.30 


1.30 
l.IS 


.24 
1.30 


3.80 
4.60 


.30 
.85 


1.00 
1.80 


1.30 
1.15 


.24 
1.30 


3.80 
4.60 


1.10 
.6S 

1.25 

1.85 
.80 
.60 

2.30 
.60 

1.15 
.20 
.19 

1.30 

1.15 
.17 
.25 

1  30 
.65 

1.40 
.84 
.70 

3.75 

4.50 


.19>4 

.19>i 

.19 

.19 

.19 

.20 

.48 

.48 

.50 

.55 

.55 

.60 

1.25 

1.25 

1.05 

.10 

.10 

.10 

1.00 

1.00 

1.00 

.24 

.24 

.26 

.35 

.35 

.29 

.75 

.75 

.95 

.60 

.60 

.65 

.98 

.98 

1.00 

1.45 

1.45 

1.50 

.32 

.32 

.35 

.55 

.55 

.55 

1.50 

1.50 

1.50 

2.00 

2.00 

2.00 

.60 

.60 

.60 

.90 
.60 
.30 

1920 

1921 

1922 

1923                1 
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EDITORIALS 


Quantity  Production 

/^N  every  hand  we  find  materials  from  which  we  could 
^-^  not  benefit  but  for  quantity  production,  which  is  sjan- 
bolic  of  American  manufacture.  But  quantity  production 
can  easily  become  the  stock  explanation  offered  for  poor 
work  and  thus  cease  to  be  a  virtue.  One  may  expect  certain 
imperfections  in  inexpensive  articles  and  have  no  cause  to 
complain,  but  what  about  something  costing,  say,  a  couple 
of  thousand  dollars?  Seldom  it  is,  for  example,  that  an 
automobile  in  this  class  reaches  the  ultimate  consumer  in  a 
condition  not  requiring  the  attention  of  a  "service"  mechanic 
before  a  hundred  miles  have  been  measured.  True,  there 
is  a  guarantee  which  permits  the  owner  at  his  o^ti  expense 
to  return  the  car  to  the  maker,  have  imperfections  made 
good  at  a  certain  charge,  and  pay  return  transportation, 
but  these  privileges  are  extended  only  in  case  the  materials 
used  have  been  found  faulty. 

Chemical  manufacturers  cannot  run  their  plants  to  over- 
capacity and  depend  upon  an  army  of  umbrella  menders  to 
make  adjustments  at  the  buyer's  ex'pense  after  their  product 
has  been  sold.  Unsatisfactory  chemical  products  are  re- 
turned collect.  Quantity  production?  Whj%  each  pound 
of  a  chemical  compound  contains  more  molecules  than  all 
the  cars  that  will  ever  be  made,  and  if  any  considerable 
number  of  these  differ  from  the  majority,  the  product  is 
unsatisfactory.  There  are  no  service  stations  for  the  chem- 
ical manufacturer's  product,  and  he  works  within  limits, 
much  more  narrow  than  most  people  realize. 

There  is  one  factor  in  his  success  which  comes  to  him  as 
the  finished  product  of  another — his  chemists  and  chemical 
engineers.  To-day  these  too  are  produced  in  quantity. 
Is  it  the  best  way?  One  of  these  days  we  expect  some  one 
to  organize  a  campaign  against  waste  in  education.  Some 
taxpayer  is  going  to  object  to  investing  three  hundred  to 
nine  hundred  dollars  per  year  per  student  in  addition  to 
what  the  student  himself  spends,  mthout  some  assurance 
that  the  investment  is  sound  and  that  the  recipient  is  one 
capable  of  fully  utilizing  what  is  thus  presented  to  him. 
Psychologists  can  render  no  more  valuable  ser\-ice  than  by 
devising  methods  which  will  be  of  assistance  in  the  choice 
of  a  career. 

Until  we  find  some  proper  way  to  designate  and  select 
those  who  are  to  be  fitted  for  professional  careers,  quantity 
production  will  continue  in  most  educational  institutions. 
Young  men  and  women  no  longer  come  into  close  contact 
with  inspirational  professors  and  leaders.  They  see  the 
names  of  department  heads  on  the  office  doors,  but  at  the 
time  when  they  most  need  to  catch  a  real  vision  they  are  too 
often  expected  to  do  so  by  way  of  a  mirror — the  part-time 
instructor.  We  are  getting  further  and  further  away  from 
those  deUghtful  classes  where  the  professor  called  us  by  our 
first  or  last  names,  as  might  suit  his  fancy,  and  knew  us  as 
individuals  in  whom  he  took  a  personal  interest.  To-day 
classes  are  more  likely  to  be  represented  by  a  card  index, 
reference  to  which  is  made  when  quizzes  are  held  or  tlie 
results  of  written  examinations  recorded. 

True,  by  dealing  with  a  large  number  of  individuals  the 
chances  of  finding  another  Faraday  are  greater.  But  we 
still  have  to  solve  the  problem  of  quantity  production  in 
our  educational  systems  by  an  inspection  which  will  assure 
quahty  with  a  guarantee  that  means  something. 


The  New  Chemical  Exposition 

T^HE  National  Exposition  of  Chemical  Industries  as  con- 
ceived  and  conducted  as  an  annual  event  has  accom- 
plished its  purpose.  The  first  exposition  came  at  a  time 
when  there  was  a  question  as  to  whether  America  could 
estabhsh  a  chemical  industry.  Were  there  sources  of  ma- 
terials? Could  a  chemical  plant  be  equipped  from  the  offer- 
ings of  the  apparatus  manufacturers?  Were  the  foundries 
capable  of  working  to  chemical  plant  specifications?  And 
what  proof  did  we  have  that  our  engineers  could  design 
chemical  plants  and  equipment? 

The  first  exposition  greatly  helped  in  answering  these 
and  similar  questions,  and  subsequently  there  were  included 
the  products  of  the  infant  industry,  the  growth  of  which 
was  reflected  by  the  development  of  the  chemical  show 
itself.  Thus  the  annual  exposition  became  a  real  contriljutor 
to  the  realization  of  the  dream  that  in  the  future  America 
must  be  less  dependent  upon  resources  without  her  borders 
for  materials  now  known  to  be  indispensable. 

Now  comes  another  cycle.  After  this  year  the  exposition 
will  be  on  a  biennial  basis.  Service  will  continue  to  be  the 
dominant  note,  but  with  a  much  broader  emphasis — service 
to  chemical  manufacturers,  to  equipment  builders,  to  buyer 
and  seller,  and  to  those  whose  products  are  accessory  to  the 
industry.  There  will  be  added  service  to  the  public  and  to 
the  student  through  new  educational  features,  comprising 
special  exhibits,  lectures,  etc.  An  interest  founded  on  knowl- 
edge on  the  part  of  these  great  groups  is  vital  if  our  industry 
is  to  attain  a  full  measure  of  success.  The  extended  active 
participation  of  the  exhibitors  in  the  management  of  the 
project  is  gratifying,  and  how  attentively  their  suggestions 
will  be  heard  by  those  directly  responsible  for  the  exposition 
is  shown  by  this  decision  to  make  the  affair  biennial  after 
this  year,  this  step  having  been  taken  following  a  letter- 
ballot  of  the  exhibitors. 

With  conscientious  service  as  its  aim,  the  chemical  expo- 
sition will  succeed  in  the  future  as  in  the  past. 


Significant  Cooperation 

/^HEMISTRY  and  Industry  for  August  3  announces 
^^  editorially  the  decision  of  the  Chemical  Society  to  pub- 
lish in  Chemistry  and  Industry  abstracts  of  its  papers  and 
discussions.  Cooperation  between  those  identified  with  pure 
chemistry  and  those  specializing  in  its  application  to  industry 
we  can  heartily  recommend  to  our  EngUsh  friends.  The  e.x- 
perience  of  the  American  Chemical  Society  is  that  excellent 
results  are  possible  through  such  a  unification  of  interests. 
The  ideal  expressed  in  the  editorial  that  "there  should  be  one 
organization  in  every  country  whose  duty  it  would  be  to  en- 
sure that  one  abstract  and  one  only  should  be  prepared  of  all 
the  papers  applying  to  some  science,"  is  well-nigh  approached 
in  America.  Every  organization  recognizes  the  authority 
and  excellence  of  Chemical  Abstracts,  and  journals  which 
publish  abstracts  of  chemical  articles  quite  properly  use 
Chemical  Abstracts  as  their  primary  source. 

Hereafter,  we  are  to  find  in  Chemistry  and  Industry  the 
news  which  it  now  carries,  together  T\"ith  information  of  stUl 
more  permanent  value.  We  congratulate  the  societies  in- 
volved and  express  the  hope  that  before  long  there  may  be 
stUl  closer  cooperation  between  the  chemical  societies  of 
Great  Britain  and  the  American  Chemical  Society. 


September,  1923 
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American  Potash  Production 
Recognized 

T  AST  year  when  the  fertilizer  manufacturers  refused 
to  consider  American  potash  when  placing  their  con- 
tracts, we  liad  a  few  things  to  say  on  the  injustice  and  lui- 
fairness  of  their  course.  At  this  time  we  wish  to  be  equally 
clear  and  emphatic  in  congratulating  those  same  manufac- 
turers upon  their  change  of  policy.  We  likewise  congratulate 
the  producing  company  for  the  manner  in  which  it  has 
demonstrated  that  there  can  be  and  is  a  potash  industry  in 
America. 

This  year  in  maldng  contracts  the  fertilizer  manufacturers 
first  made  due  allowance  for  American  production  and  then 
arranged  for  European  potash  upon  what  is  said  to  be  a  joint 
contract  in  which  botli  French  and  German  sources  of  suppb* 
are  represented.  Practically  aU  American  fertilizer  manufac- 
turers are  represented  by  the  associations  involved  in  the 
transaction.  JMeanwhile,  the  quaUty  of  our  potash  is  proving 
most  satisfactory,  and  one  consumer  that  took  but  450  tons 
of  K2O  last  year  has  contracted  for  1600  tons  this  year.  The 
early  difficulties  due  to  impurities  have  disappeared. 

There  is  a  lesson  in  all  this  which  we  should  like  to  bring 
home  to  all  manufacturers.  We  have  potash  production 
in  America  because  a  group  of  financiers  was  willing  to  invest 
heavily  in  chemical  research  and  to  back  it  to  a  conclusion. 
They  sought  good  advice,  and  when  they  found  it  they  acted 
upon  it.  They  were  willing  to  let  fundamentals  be  deter- 
mined in  the  laboratory  and  to  wait  for  results.  Having 
secured  a  man  qualified  to  act  as  director  of  research  and 
development,  they  placed  their  faith  in  him  and  did  not 
interfere  with  his  program.  When  the  results  of  sound 
research  enabled  a  plan  of  action  to  be  determined,  they 
proceeded  in  a  persistent  fashion.  Sound  chemistry  and 
sound  finance  make  a  team  difficult  to  defeat.  In  the  present 
instance  the  result  has  been  a  product  which  has  won  its 
way  on  quality. 

We  trust  the  friendly  relations  established  between  pro- 
ducer and  consumer  may  endure  and  be  further  strengthened. 


Require  Demonstration 

T^HE  laws  of  our  country  obligate  the  Commissioner  of 
*  Patents  to  issue  a  patent  if  valid  claim  is  made  for 
something  that  is  new  and  operable.  Dependence  is  placed 
upon  the  literature  to  disclose  to  what  extent  the  invention 
claimed  may  be  a  novelty.  But  whether  or  not  a  patent 
may  be  operated  vnth  the  information  disclosed  is  much 
more  difficult  to  determine  in  the  case  of  chemical  patents 
than  with  many  other  groups.  The  Commissioner  of  Pat- 
ents has  the  power  to  demand  a  demonstration  if  there  is  a 
question  as  to  the  adequacy  of  the  disclosure,  and  in  the  case 
of  mechanical  inventions  it  is  common  practice  to  require 
a  model  with  which  a  demonstration  can  be  made.  It  is 
obvious  that  the  number  of  people  capable  of  passing  upon 
the  claims  of  a  mechanical  invention,  for  example,  is  greater 
than  of  those  who  may  pass  judgment  upon  chemical  in- 
ventions. 

Experience  in  a  recent  suit,  in  the  course  of  which  the  judge 
required  a  witness  to  demonstrate  in  the  laboratory  whether 
or  not  patent  disclosures  were  sufficient  to  enable  the  product 
named  to  be  made,  naturally  leads  to  the  inquiry:  Might 
it  not  be  better  to  require  a  demonstration  previous  to  the 
issuance  of  any  chemical  patent?  With  the  precedent  of 
requiring  models  for  some  mechanical  inventions  but  not  for 
all  of  them,  there  would  seem  to  be  no  new  procedure  in- 
volved in  making  it  standard  practice  for  the  inventor  or 


his  representative  to  appear  before  a  group  of  those  skilled 
in  the  art  and  show  that,  upon  a  small  scale  at  least,  the  proc- 
ess as  disclosed  in  the  claims  can  be  carried  out  and  a  satis- 
factory product  obtained.  Within  the  scientific  bureaus 
in  Washington  are  speciahsts  in  nearly  every  branch  of 
chemistry.  There  are  ample  laboratory  facilities  and  a 
considerable  amount  of  equipment  on  a  semiworks-scale, 
so  that  no  inventor  need  work  at  a  disadvantage. 

Perhaps  it  is  fair  to  assume  that  if  the  applicant  resides 
in  America  we  have  within  our  borders  sufficient  skill  in  the 
art  to  avoid  the  difficulties  which  have  already  arisen  with 
respect  to  foreign-owned  patents,  owing  to  the  well-known 
fact  that  in  a  chemical  patent  enough  information  can  be 
disclosed  to  secure  it  without  divulging  the  many  technical 
points  essential  to  successful  operation.  Moreover,  it  has 
been  demonstrated  that  so-called  patent  pirates  have  no 
hesitancy  in  taking  out  numbers  of  patents  covering  a  new 
development  in  every  direction  and  based  on  theory  or 
imagination.  Such  patents  become  no  more  than  an  ex- 
pensive nuisance  to  the  man  who  is  earnestly  perfecting  a 
new  product  or  process. 

Anj-thing  done  to  guarantee  that  if  the  procedure  dis- 
closed in  a  patent  were  followed  by  one  reasonably  skilled  in 
the  art,  the  results  claimed  would  be  accomplished,  should 
be  helpful.  We  suggest  a  demonstration  to  prove  that  it 
is  workable  prior  to  patent  issuance.    What  do  you  propose? 


A  Nation  Honors  a  Scientist 

'T'HAT  a  scientist  can  win  the  grateful  recognition  of 
'■  a  nation  and  be  honored  as  are  statesmen,  soldiers, 
and  other  pubUc  servants,  is  proved  by  the  lengths  to  which 
France  has  gone  in  acknowledging  her  debt  to  Pasteur  on 
the  occasion  of  the  one  hundredth  armiversary  of  his  birth. 
Reference  has  been  made  pre\'iously  to  the  various  meetings 
held  in  his  memory,  these  being  attended  by  high  officials, 
savants,  and  the  public. 

It  has  remained  for  France  to  issue  a  series  of  postage 
stamps  in  honor  of  a  scientist  for  his  contributions  to  science. 
We  have  our  series  bearing  a  likeness  of  Franklin,  but  it 
is  undoubtedly  Franklin,  the  diplomat,  and  not  Franklin, 
the  man  of  science,  who  is  thus  honored.  The  Pasteur  stamps 
are  attractive  in  their  simpficity,  bearing  the  likeness  and 
the  name  of  the  great  man.  By  the  issuance  of  these  stamps 
attention  is  called  to  the  fact  that  here  is  a  man  who  began 
his  career  as  a  chemist,  whose  services  to  his  country  and  to 
the  world  have  been  on  a  par  with  those  of  the  men  cus- 
tomarily smgled  out  for  such  recognition.  We  know  that 
his  contributions  far  excel  those  of  the  politicians.  How 
true  is  this  statement  wliich  is  attributed  to  Pasteur: 

In  our  century  science  is  the  soul  of  the  prosperity  of  nations 
and  the  living  source  of  all  progress. 

Undoubtedly,  the  tiring  daily  discussions  of  politicians  seem 
to  be  our  guide.  Empty  appearances!  What  reaUy  lead  us 
forward  are  a  few  scientific  discoveries  and  their  applications. 

Dr.  Edgar  F.  Smith  calls  to  our  attention  the  fact  "that 
this  is  the  centenary  of  Joseph  Leidy,  the  great  biologist, 
anatomist,  and  geologist,  a  man  who  certainly  was  regarded 
abroad  as  one  of  the  leaders  of  his  age.***  Why  could  not  a 
similar  stamp  be  brought  out  by  our  Government  bearing 
his  head?" 

In  our  February  number  we  reproduced  a  series  of  cartoons 
of  van't  Hoff  to  emphasize  the  fact  that  the  appearance  of 
these  drawings  in  the  daily  press  of  his  time  indicated  that 
a  scientist  could  attain  prominence  in  the  pubfic  eye  equal 
to  that  usually  achieved  only  by  men  in  public  life.  There 
would  be  no  point  in  this  if  the  publicity  and  honor  for  the 
individual  were  the  goal.     But  a  man  cannot  be  honored 
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without  calling  the  attention  of  the  layman  to  the  science 
with  which  he  is  identified.  The  science  thus  becomes  a 
living  thing  and  the  good  work  of  other  scientists  is  given 
support  and  recognition  which  means  much. 

Those  who  plod  on  and  have  not  yet  been  given  the  recog- 
nition which  their  work  merits  may  be  cheered  bj'  the  old 
parody  which  the  appearance  of  the  Pasteur  stamp  recalls 
to  mind: 

Lives  of  great  men  all  remind  us 
We  may  yet  be  shining  lamps, 
And  departing  leave  behind  us 
Another  face  for  postage  stamps. 


Testimony  Completed  at  Wilmington 

^CONTRADICTIONS  between  expert  witnesses  and  the 
^^  resolution  of  the  differences  by  experimental  proof 
formed  a  dramatic  finish  to  the  taking  of  testimony  in  the 
suit  of  the  United  States  against  the  Chemical  Foundation, 
Inc.,  for  the  recovery  of  the  seized,  enemy-omied  patents 
sold  to  the  Foundation  by  the  Alien  Property  Custodian 
in  1919.  One  of  the  contentions  upon  which  the  Government 
bases  its  suit  is  that  the  sum  paid  for  these  four  thousand 
eight  hundred  patents  (S250,000)  was  totaUy  inadequate  and 
in  no  way  related  to  their  value.  The  Government  further 
charges  that  its  agents  were  not  fuUy  iaformed  of  the  value 
of  the  property  which  they  sold.  In  combatting  these  con- 
tentions the  Foundation  introduced  witnesses  to  testify  that 
the  patents  were  not  complete  disclosures  of  the  processes 
involved,  that  their  value  was  consequently  greatly  reduced, 
and  that  the  government  agencies  were  weU  acquainted 
with  all  the  particulars  of  the  transaction. 

Evidence  presented  by  the  expert  witnesses  for  the  de- 
fense had  tended  to  show  that  Ucensees  under  the  patents 
had  been  forced  to  spend  large  sums  of  money  to  develop 
workable  processes  and  that  these  successful  procedures 
often  varied  essentially  from  the  disclosures  in  the  patents. 
Following  tliis,  the  Government  offered  in  rebuttal  several 
witnesses  who  testified  that  they  had  obtained  the  results 
shown  by  the  patents  by  following  the  exact  procedures 
given  therein. 

Walter  G.  Christiansen,  of  the  Harvard  Medical  School, 
was  one  such  witness.  His  testimony  was  to  the  effect 
that  he  did  produce  arsphenamine  by  following  exactly  the 
procedure  outlined  in  the  patent.  According  to  liis  testi- 
mony, he  conducted  some  twelve  hundred  experiments  with 
arsphenamine,  in  six  hundred  of  which  he  produced  this 
compound  following  the  patent  according  to  his  interpre- 
tation of  it  with  variations  in  the  technic  on  which  the  pat- 
ent was  silent.  The  results  of  these  experiments  have  been 
published  from  time  to  time  in  the  recognized  journals.  It 
was  brought  out  in  the  cross  examination  that  there  was 
some  question  as  to  whether  the  "interpretation"  did  not 
involve  actual  essential  change  in  the  process,  and  it  was 
shown  by  a  quotation  from  the  witness's  own  publications 
that  he  had  recommended  defmite  additions  to  the  proce- 
dure of  the  patent  to  get  the  best  results  [/.  Am.  Chem. 
Soc.  43,  2202  (1921)].  In  general,  the  e\'idence  of  Dr. 
Christiansen  was  in  contradiction  to  that  of  Dr.  Stieglitz 
and  others  on  the  same  subject. 

Principal  interest  in  this  part  of  the  trial  centered  in  the 
request  of  Judge  Morris  that  Louis  Freedman,  an  employee 
of  the  H.  A.  Metz  Laboratories,  prepare  cincophen  under 
the  observation  of  the  court  to  substantiate  his  claim,  made 
on  the  witness  stand,  that  wliile  in  the  employ  of  the  Calco 
Chemical  Company  he  had  made  this  product  with  60  per 
cent  yield  on  his  first  experiment,  following  the  patent  exactly. 
His  testimony  was  contrary  to  that  of  M.  L.  Crossley,  cliief 
chemist  of  the  same  company,  who  previously  testified  that 


his  company  had  spent  some  S60,000  perfecting  the  cincophen 
process.  Upon  later  examination  of  Dr.  Freedman,  when 
he  had  the  original  records  of  his  experiments,  it  was  shown 
that  in  the  original  experiment  he  had  obtained  a  50  per 
cent  yield  of  a  crude  product  which  he  had  noted  at  the  time 
of  the  experiment  was  unsatisfactory  both  as  to  quantity 
and  quaUty. 

The  experiment  by  Dr.  Freedman  was  carried  out  at 
Swarthmore  College  in  the  presence  of  H.  D.  Gibbs,  ex- 
pert for  the  Government,  M.  L.  Crossley  and  E.  K.  Bolton^ 
experts  for  the  defense,  and  Gellert  Alleman,  of  Swarth- 
more CoOege,  expert  representing  the  court.  The  entire 
operation  was  supervised  by  the  United  States  MarshaL 
The  instructions  of  the  judge  were  that  the  experimenter 
be  given  everything  that  he  might  require,  that  he  produce 
not  more  than  three  batches  of  cincophen  and  one  batch  of 
pjTuvic  acid — an  intermediate  which  he  testified  to  have 
made  before  starting  the  actual  process  of  making  cincophen 
— and  that  the  entire  group  of  experts  satisfy  themselves  that 
'all  the  materials  used  be  of  the  proper  purity,  and  the 
ex-perunent  on  cincophen  be  carried  out  strictly  in  accord- 
ance with  the  patent.  This  party  left  the  court  late  on 
Saturday  afternoon  for  Swarthmore,  where  the  actual  ex- 
periments continued  from  early  Sunday  morning  until 
late  Monday  morning,  July  23. 

Dr.  Freedman  succeeded  in  preparing  two  batches  of  cinco- 
phen, both  of  lower  than  commercial  quality,  with  yields 
of  26.9  per  cent  and  14.3  per  cent  of  theory,  respectively. 
The  testimony  showed  that  in  the  first  experiment  the  only 
variation  from  the  actual  procedure  of  Example  2  of  the 
patent  was  that  the  mixture  of  anihne  and  benzaldehyde  in 
alcohol  was  made  by  pouring  the  ingredients  together  suc- 
cessively rather  than  simultaneously  as  the  patent  states. 
In  the  second  experiment  this  deviation  from  the  pro- 
cedure was  rectified,  but  due  allowance  was  made  for  the 
impurities  in  the  pyruvic  acid  used.  All  witnesses  to  the 
experiments  agreed  substantially  on  the  results  and  testified 
that  such  a  yield  as  that  obtained  would  not  be  commercially 
profitable.  Statements  were  made  by  some  of  the  witnesses 
that  the  quality  was  not  up  to  the  standard,  to  which  Dr. 
Freedman  replied  with  a  grand  stand  assertion  that  he 
stood  "ready  to  consume  any  amount  that  any  doctor  would 
prescribe."  He  continued  with  a  statement  that  he  was 
"put  on  trial  under  very  severe  test  at  a  very  unusual  time," 
referring  to  his  approaching  marriage.  This  statement 
was  questioned  by  the  judge,  who  asserted  that  he  did  not 
consider  the  conditions  of  the  test  especially  severe  in  view 
of  the  assertions  made  by  the  witness  previous  to  it.  Pyruvic 
acid  was  produced  by  the  witness,  Isut  this  was  not  giv-en 
prominence  in  the  testimony. 

Other  witnesses  were  called  during  the  last  two  sessions  by 
the  Government  to  show  the  validity  of  directions  contained 
in  the  arsphenamine  patents.  They  included  G.  W.  McCoy, 
dii'ector  of  the  Hygienic  Laboratory,  W.  O.  Emery  of  the 
Bureau  of  Chemistry,  H.  D.  Gibbs  of  the  Hygienic  Labora- 
tory, and  C.  N.  Myers  of  the  H.  A.  Metz  Laboratories.  In- 
terest in  their  testimony  was  overshadowed  by  that  in  the 
experiment  of  Dr.  Freedman. 

Thus  ended  the  taking  of  evidence  in  what  is  probably 
the  most  important  legal  case  ever  conducted  so  far  as  it 
relates  to  the  chemical  profession.  Throughout  the  trial 
the  court  room  was  the  center  of  interest  from  the  entire 
chemical  industry  and  profession  in  America,  and  there  is 
no  doubt  that  it  will  continue  to  be  so  until  final  disposition 
of  the  case  is  made.  Following  the  taking  of  testimony,  the 
case  was  closed  for  counsel  to  prepare  briefs  for  presentation 
and  argument  on  October  9.  It  is  hardly  probable  that  a 
decision  will  be  handed  down  before  the  end  of  the  year. 


September,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


885 


Trends  in  Photochemical  Research 

ByJ.  H;   Mathews 

University  of  Wisconsin,  Madison,  Wis. 


THE  history  and  progress  of  pbotochemistrj'  have  been 
quite  similar  to  the  history  and  progress  of  other 
branches  of  science.  First,  we  have  scattered  ob- 
servations, many  of  them  imperfectly  made,  a  gradual  accu- 
mulation of  facts,  attempts  to  work  out  relationships  from 
these  facts,  and,  finally,  the  attempt  to 
provide  a  working  theory  which  will  be 
in  accord  with  the  observed  facts. 

In  recent  years  the  interest  of  photo 
chemists  has  turned  from  the  accumu- 
lation of  facts  regardmg  the  synthesis 
and  decomposition  (photolysis)  of  com- 
pounds to  a  study  of  more  fundamental 
relationships.  The  number  of  known 
photochemical  reactions  now  runs  well 
into  the  thousands,  and  many  of  our 
ordinary  reactions  are  undoubtedly  more 
dependent  on  radiation  than  we  realize. 

To  the  mind  of  the  writer  there  are 
four  fields  of  photochemistry  that  tran- 
scend all  others  in  present  interest  and 
immediate  usefulness.  Before  proceed- 
ing to  them,  however,  it  should  be 
pointed  out  that  the  photo  chemist, 
like  the  coUoid  chemist,  has  gradually 
enlarged  his  field  so  that  the  present 
boimdaries  are  far  wider  than  those 
of   a   former    generation.      It     is    now  j.  .i.  i: 

reaUzed  that  visible  Ught  differs  from 
the  ultra-violet,  infra-red,  heat,  and  electrical  waves  only 
in  frequency,  and  that  they  are  all  radiations  of  the  same 
general  character.  From  the  shortest  X-rays  and  rays  from 
radioactive  substances  to  the  infra-red,  at  least,  all  radia- 
tions are  capable  of  producing  photochemical  changes,  and 
whether  a  certain  reaction  will  be  influenced  by  radiation 
is  a  question  of  wave  length  and  of  the  specific  reaction 
involved.  While  there  are  no  authentic  cases  of  photo- 
chemical effects  produced  by  electrical  waves,  the  writer 
sees  no  reason  why  such  reactions  are  impossible,  and 
indeed  there  seems  to  be  groimd  for  beheving  that  some 
instances  of  this  kind  will  be  discovered.  It  is  reasonable 
to  suppose  that  if  certain  systems  are  placed  in  a  very 
powerful  magnetic  field  so  as  to  produce  a  condition  of  great 
stress  or  strain,  the  long  electrical  radiations  might  be  able 
to  produce  changes  in  electronic  configuration  which  would 
bring  about  chemical  reaction. 

The  four  principal  fields  of  interest  now  occupying  the 
mind  and  attention  of  the  photo  chemist  are: 

(o)  The  photo-equivalence  law  of  Einstein  and  the  Lewis- 
Perrin  radiation  hypothesis 

(6)  The  production  of  cold  light. 

(c)  The  improvement  of  monochromatic  light  sources. 

(,d)  The  laboratory  synthesis  of  carbohydrate  and  protein 
material  by  the  instrimientality  of  light. 

Radiation  Hypothesis 

The  radiation  hypothesis  furnishes  the  present  battle 
ground  of  most  interest,  and  rightly  so,  because  once  we 
learn  the  ultimate  relation  between  chemical  activity  and 
frequency,  many  of  our  other  problems  wiU  at  once  be  solved. 


During  the  progress  of  a  fiercely  contested  battle  it  is  not 
always  wise  to  attempt  to  predict  the  final  outcome,  but  it 
is  now  clear  that  the  original  form  of  the  photochemical 
equivalence  law  of  Einstein,  based  upon  the  quantum  theory, 
is  so  rarely  in  accord  with  observed  facts  as  to  render  it  of 
httle  value  in  itself.  Any  law  which  has 
its  sole  foundation  in  the  quantum  theory 
of  Planck  is  bound  to  be  a  subject  for 
considerable  dispute,  inasmuch  as  this 
theory  itself  is  by  no  means  fully  ac- 
cepted by  many  physicists.  To  those 
who  do  not  accept  the  quantum  theory, 
the  failure  of  the  Einstein  law  and  the 
radiation  hypothesis  of  Lewis-Perrin  is 
naturally  the  fulfilment  of  the  expected. 
Assuming  the  vaUdity  of  the  quan- 
tum theory,  we  soon  find  ourselves  in 
other  difficulties.  The  Einstein  law  is 
supposed  to  apply  only  to  the  primary 
light  reaction,  and  the  difficulty  is  that 
the  total  amount  of  reaction  as  meas- 
ured may  be  not  Just  the  amount  of 
primary  reaction  which  takes  place,  but 
may  be  either  greater  or  less  than  that 
amount,  due  to  secondary  reaction  or  re- 
actions. It  therefore  becomes  necessary 
to  find  a  secondary  reaction  which  is 
[umvi  exactly  equivalent  to  the  primary  one, 

since  the  latter  can  itself  rarely  be  meas- 
ured quantitatively.  A  substance  which  will  react  with 
the  product  of  the  primary  reaction  quantitatively  so  as 
to  give  a  true  measure  of  the  primary  reaction,  is  called 
an  "acceptor,"  and  the  problem  resolves  itself  into  finding 
suitable  acceptors  for  the  reactions  to  be  studied. 

Fraulein  Pusch^  illuminated  a  mixture  of  bromine  and 
hexahydrobenzene  (the  acceptor)  and  determined  the  extent 
of  reaction  from  time  to  time.  She  then  calculated  the 
amoimt  of  bromine  which  should  have  been  combined  at 
these  periods  of  time,  using  Einstein's  law,  and  foimd  a 
remarkable  agreement  between  the  observed  and  calculated 
values.  Other  acceptors,  such  as  heptane,  toluene,  and 
hexane,  were  tried,  but  these  gave  too  much  bromine  com- 
bined; on  the  other  hand,  hydrogen  proved  to  be  an  un- 
suitable acceptor  since  the  amoimt  of  bromine  actually  com- 
bined was  only  about  one  one-himdredth  the  amoimt  re- 
quired by  the  photo-equivalence  law. 

The  Lewis-Perrin  radiation  hypothesis,  while  appearing 
to  be  somewhat  more  hopeful  than  the  original  formulation 
of  Einstein,  has  been  shown  to  have  many  weaknesses  and, 
in  fact,  some  apparently  insuperable  difficulties. 

Our  story  starts  back  in  1889  when  Arrhenius  deduced 
a  relation  for  the  chemical  reaction  wliich  has  been  and  still 
is  of  considerable  value,  although  the  original  theoretical 
basis  for  the  relation  has  been  shown  to  be  unsound.  Stated 
mathematically,   this  relation  is 

d  log  k  _   v4 
dT     ~   T^ 
where  k  is  the  velocity  constant  of  the  chemical  reaction, 
A  is  one-half  of  the  energy  required  to  change  one  molecule  of 
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inactive  material  to  an  active  form,  and  T  is  the  absolute 
temperature.  According  to  this  relation  the  temperature 
coefficient  of  chemical  reaction  should  be  diminished  in  a 
homogeneous  system  by  an  increase  in  concentration  of  the 
catalyst.  Not  only  has  this  not  been  found  to  be  true,  but 
the  actual  existence  of  special  activated  molecules,  such  as 
Arrhenius  postulated,  seems  a  matter  of  much  doubt.  In 
1914  Marcehn  formulated  a  relation  much  the  same  as  that 
of  Arrhenius,  which  has  the  form 

d  log  k  E 

d  T  "  ^^T^ 
E  being  defined  as  the  "critical  energy"  which  it  is  necessary 
that  the  molecule  absorb,  m  addition  to  that  already  pos- 
sessed, to  render  it  active;  and,  following  the  suggestion  of 
Lewis,  this  quantity  has  since  been  called  the  "critical  incre- 
ment." Somewhat  later  (1915)  Rice  deduced  the  more 
mathematicallj-  exact  relation 

d\o%k  _    F,  -  V„-{-  1/2  (RT) 
dT      ~  RT' 

Here,  Vc  is  the  critical  value  necessary  before  reaction  takes 
place  and  Vm  is  the  value  of  the  mean  potential  energj'  of  the 
molecules  imdergoing  reaction.  Next,  Lewis  and  Perrin, 
independently,  made  the  assumption  that  the  source  of  the 
energj'  increment  is  infra-red  radiation,  and  Lewis  pointed 
out  that  this  quantity  should  be  determinable  from  the 
temperature  coefficient.  If,  for  example,  we  know  the  value 
of  the  velocity  constant  for  a  reaction  at  25°  C.  and  35°  C, 
we  should  have 

,     1  _E  fj_  _  J_\ 

'°S  fe    "  R  V298        308/ 

Taking  the  hydrolysis  of  methyl  acetate  as  an  e.xample,  the 

increase  in  k  for  10"°  C.  is  2.5.    From  the  relation  above,  E 

is  16,800  calories  per  mol,  or  1.03  X  10"'-  ergs  per  molecule. 

E 
By  the  photo-equivalence  law  of  Einstein  (A'^  =  — ,  where  h 

is  Planck's  constant,  6.547  X  10~"  erg  second,  v  the  fre- 
quency, E  the  heat  absorbed  to  produce  the  reaction,  and 
N  the  number  of  molecides  dissociated  by  light  of  frequency 
v),  Lewis  finds  that  for  the  infra-red  radiation  X  =  7.5  fi, 
corresponding  to  the  absorption  band  for  methylacetate, 
hv  should  be  0.262  X  10"'-  ergs,  or  4  hv  would  furnish  the 
quantity  of  energy  E. 

According  to  the  radiation  hypothesis  of  Lewis,  catalytic 
reactions  should  be  fully  explained.  The  fimction  of  the 
catalyst,  according  to  this  hypothesis,  is  merely  to  absorb 
infra-red  radiation  of  the  proper  wave  length  and  pass  it 
on  to  the  reacting  molecules. 

According  to  this  hypothesis,  when  reactions  take  place 
in  solution  there  should  be  a  definite  absorption  band  for  the 
solute,  and  the  position  of  this  band  should  be  capable  of 
calculation.  The  decomposition  of  triethylsulfine  bromide 
in  nitrobenzene  has  been  studied  by  von  Halban.^  From 
his  data  H.  A.  Taylor,  in  Lewis'  laboratory,  calculated  the 
critical  increment  E  and  found  it  to  be  28,530  calories,  which 
corresponds  to  a  value  of  3.0  X  10'^  for  v  or  a  wave  length 
of  1.0  ;u.  Taylor  then  proceeded  to  determine  the  location 
of  absorption  bands  for  triethylsulfine  bromide  in  the  spectral 
region  0.8  to  3.1  ii,  and  found  that  there  is  but  one  distinct 
band  in  this  region,  a  band  appearing  at  1.05  fi,  which  is 
very  close  to  the  value  calculated  from  the  critical  increment. 
This  excellent  agreement  is,  however,  a  rather  exceptional 
instance.  In  most  cases  where  the  hypothesis  has  been 
tested,  the  calculated  and  observed  absorption  bands  do 
not  at  all  coincide. 

The  application  of  the  radiation  hypothesis  to  monomolec- 
ular  gas  reactions  should  afford  an  interesting  test  of  the 
value  of  the  hj-pothesis.     This  lias  been  accomplished  by 

'Z.  phys  Chem.,  67,  129  (1909). 


Daniels  and  Johnston'  for  the  decomposition  of  nitrogen 
pentoxide.  They  calculated  the  critical  increment  and  found 
it  to  be  24,700  calories.  The  wave  length  required  for  the 
decomposition  of  nitrogen  pentoxide  should  therefore  fall 
at  1.16  fi,  but,  unfortunately  for  the  theory,  this  substance 
is  not  decomposed  by  radiation  in  this  region  of  the  spectrum. 
There  is  a  marked  absorption  band  at  5.81  fx  and  a  less  marked 
one  at  3.39  /x.  These  values  are  about  five  and  three  times 
the  required  value  of  1.16,  respectively.  The  significance 
of  this  is  not  yet  clear.  Daniels  and  Lueck*  have  also  in- 
vestigated the  decomposition  of  nitrogen  pentoxide  dissolved 
in  various  solvents.  Here  the  agreement  between  experi- 
ment and  theory  is  no  better  than  for  the  case  cited  for  the 
reaction  in  the  gas  phase. 

Summarizing  the  situation,  we  may  say  that  during  the 
past  three  or  four  years  much  attention  has  been  devoted 
to  tliis  interesting  hypothesis — an  hypothesis  which  would 
be  of  the  utmost  value  if  found  to  be  substantiated.  How- 
ever, it  must  be  frankly  admitted  that  the  present  outlook 
for  the  hypothesis,  at  least  in  its  present  form,  is  not  en- 
couraging. It  is  quite  possible  that  something  fundamental 
is  being  overlooked  and  that  eventually  we  may  be  able  to 
deal  with  reactions  in  a  satisfactorily  quantitative  manner. 
On  the  other  hand,  the  fundamental  postulates  may  be  wrong. 

Production  of  Cold  Light 

This  is  a  subject  of  great  practical  interest.  Oui-  modern 
lighting  methods,  in  which  visual  radiation  is  produced  by 
heating  bodies  to  incandescence,  are  naturally  very  wasteful, 
since  a  large  amount  of  energy  is  lost  as  temperatiure  radia- 
tion. The  firefly  and  glowworm  have  soh'ed  the  problem 
somewhat  better,  though  we  humans  would  scarcely  be 
satisfied  mth  either  of  these  lighting  systems.  The  firefly 
produces  substances  which  by  oxidation  produce  fight  with 
Httle  or  no  temperature  radiation.  We  must  at  least  admire 
his  efficiency!  What  the  fireflj'  can  do,  man  should  be  able 
to  do,  and  far  better.  Undoubtedly,  the  time  will  come  whe.i 
light  will  be  produced  by  controUed  chemical  reaction,  and 
in  a  more  economical  way  than  by  the  systems  now  in  use. 
In  one  direction  considerable  improvement  may  be  made, 
at  least.  Little  ex-pert  knowledge  is  now  used  in  the  selection 
of  paints  and  wall  coverings  in  room  interiors.  Much  of 
the  fight  now  absorbed  and  wasted  may  be  saved  and  used 
by  reflection,  simply  by  a  proper  choice  of  wall  covering. 
In  addition,  there  is  the  possibifity  of  using  materials  in 
paints  and  on  paper  or  other  surfaces  that  wiU  enut  fight 
for  many  hours  after  receiving  illumination  during  the  day. 
It  is  felt  that,  in  spite  of  aU  the  exceUent  work  done  on  phos- 
phorescent sulfides,  considerable  work  must  stiU  be  done  be- 
fore we  have  the  knowledge  we  need.  There  is  distinctly 
a  great  field  for  research  along  this  fine  in  the  hope  of  de- 
veloping more  efficient  phosphorescent  materials  than  are 
now  kno^^Ti.  Certainly,  such  an  iUuminating  system,  con- 
sisting of  a  soft  glow  emanating  from  the  walls  of  a  room, 
would  be  ideal  from  many  points  of  \-iew.  Such  illumina- 
tion would  not  only  be  restful  to  the  eye,  but  would  give 
possibflities  of  unique  artistic  effects. 

Improvemijnt  of  Monocheomatic  Light  Sources 

The  dependence  of  photochemical  reaction  on  wave  length 
(frequency)  has  already  been  mentioned.  A  moderate  change 
in  wave  length  may  completelj'  negative  the  effect  desired. 
For  example,  oxygen  may  be  changed  to  ozone  or  ozone  to 
oxygen  merely  by  a  moderate  change  in  wave  length  of  the 
fight  illuminating  the  system.  K  unfiltered  ultra-\aolet 
light  from  a  quartz  mercury-vapor  lamp  is  used,  the  result 
will  be  an  equifibrium  between  the  ozone  and  oxygen,  the 

>  J.  Am.  Chem.  Soc.  43,  72  (1921). 
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position  of  which  will  be  dependent  upon  the  relative  inten- 
sities of  the  two  groups  of  wave  lengths  involved,  and 
upon  the  temperature.  Usually,  photochemical  reactions 
are  sensitive  to  a  comparatively  narrow  band  in  the  spectrum. 
If  a  wide  band  is  used,  energy  is  therefore  wasted,  and  an 
undesirable  result  may  be  produced.  Now  that  hght  is 
playing  an  increasingly  important  role  in  the  photosynthesis 
of  many  compounds,  it  becomes  more  important  that  sources 
of  very  intense  monochromatic  illumination  be  developed. 
The  present  practice  is  either  to  secure  approximately  mono- 
chromatic light  by  dispersion  of  light  through  a  prism,  letting 
the  desired  wave  length  faU  upon  a  sht  behind  which  the 
reacting  system  is  placed,  or  by  the  use  of  filters  designed  to 
filter  out  the  wave  lengths  not  desired.  In  either  case,  the 
intensity  of  the  resulting  illuminating  beam  is  not  great, 
particularly  if  it  is  anywhere  near  monocliromatic.  In  order 
that  reactions  may  be  carried  out  on  anytliing  like  a  com- 
mercial scale,  better  means  of  producing  powerful,  intense 
sources  of  such  light  must  be  developed. 

Synthesis  of  Carbohydrate  and  Protein  Material 
Much  interest  has  lately  been  aroused  in  the  synthesis  of 
carbohydrates  and  protein  material,  particularly  as  a  result 
of  the  fine  investigations  of  Baly  and  his  co-workers  in  Eng- 
land and  Baudisch  in  tliis  country.  As  a  result  of  these 
investigations  the  mechanisms  of  these  photochemical  proc- 
esses are  better  understood,  and  while  the  work  of  the  two 
groups  is  not  entirely  confirmatory,  at  least  much  progress 


has  been  made.  It  is  believed  that  because  nature  seems  to 
use  chlorophyll  for  the  synthesis  of  carbohydrates,  it  does 
not  necessarily  follow  that  this  is  the  best  of  all  possible 
catalysts,  and  it  is  the  hope  of  the  photo  chemist  that  new 
and  more  effective  catalysts  may  be  found  for  this  important 
photochemical  process. 

Utilization  of  Radiant  Energy  of  Sun 
Another  photochemical  problem  of  great  interest,  and  one 
which  has  excited  the  imagination  of  the  scientists  of  many 
generations,  is  the  possible  utihzation  of  the  enormous  quan- 
tities of  radiant  energy  coming  from  the  sun.  Waste  places, 
now  useless  for  any  purpose,  may  eventually  become  the 
sites  of  great  manufacturing  plants,  once  the  secret  of  trans- 
forming radiant  energy  into  chemical  energy  is  solved.  Here 
we  have  an  unlimited  and  almost  constant  source  of  energy 
of  enormous  magnitude,  and  one  which  by  its  successful 
utihzation  wiU  tend  to  neutralize  in  a  large  measure  the 
effect  of  our  diminishing  coal  and  oO  supply.  While  the  coal 
and  oil  problem  may  not  be  a  serious  one  for  the  present 
generation,  surely  the  time  will  come  when  other  sources 
of  energy  supply  must  be  found  and  utilized  if  civihzation 
is  not  to  perish.  Knowing  that  hundreds  of  billions  of  horse 
power  of  radiant  energy  are  constantly  commg  to  the  earth 
from  the  sun,  it  is  not  strange  that  the  photo  chemist  casts 
a  speculative  eye  toward  the  possible  utihzation  of  this 
enormous  amount  of  energy,  a  very  considerable  portion  of 
which  is  now  entirely  wasted. 


Occurrence  of  Levo-Menthone  in  Pine  Oil' 


By  Augustus  H.  Gill 
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THE  pine  oil  known  as  "Apinol"  was  manufactured  by 
dry  distillation  of  wood,  the  heat  bemg  controlled  by  a 
circulating  oil  bath,  the  three  fractions  being  turpentine, 
pine  oil,  and  impure  resin  oUs  known  as  tar  oils.  This  had 
been  redistilled  so  as  to  free  it  from  the  turpentine  frac- 
tion; it  had  stood  for  about  fourteen  years,  giving  ample 
opportunity  for  resinification.  The  physical  characteristics 
of  the  sample  were: 

Specific  Gravity        Refractive  Index       Optical  Rotation 

at  15.5°  C.  at  20°  C.  at  26°  C. 

0.9856  1.4S68  -7°  20' 

The  oil  was  distilled  under  4  mm.  pressure,  at  first  small 
quantities  of  water  and  terpenes  distilled  over,  and  a  large 
portion,  about  60  per  cent,  distOled  over  between  74°  and 
79°  C.    Fraction  between  79°  and  100°  C.  was  10  per  cent. 

By  repeated  fractional  distillation  of  the  first  fraction  at 
atmospheric  pressure,  two  distinct  fractions  were  isolated, 
one  boiling  at  202°  to  203°  C.  which  constituted  8  per  cent 
of  the  original  oil,  whOe  the  other  had  a  boiling  point  of  208.5° 
to  209.5°  C.  and  constituted  20  per  cent  of  the  oil. 

The  fraction  boihng  between  79°  to  100°  C.  at  4  mm.  was 
gluey  to  the  touch  and  was  suspected  to  contain  terpineol; 
attempts  to  convert  it  into  terpin  hydrate  by  the  method  of 
Tiemann  and  Sclmiidt^  were  in  vain ;  hence,  the  oil  contained 
no  terpineol,  thus  differing  in  its  most  important  constituent 
from  the  pine  oils  so  far  studied. 

The  fraction  boiling  at  202°  to  203°  C.  was  thought  to  be 
fenchyl  alcohol.  It  was  optically  mactive.  It  was  oxidized 
to  its  corresponding  ketone  fenchone  by  nitric  acid.'  The 
inactive  fenchone  thus  obtained  had  a  boiling  point  of  193°  C. 
and  an  odor  resembUng  camphor.     The  inactive  fenclione 

1  Received  July   10.  1923. 
^  Bir.,  28,   1781   (1895). 
'Ann.,  263,   131.  146  (1891). 


was  next  converted  into  semicarbazone  with  semicarbazide 
hydrochloride,  havmg  a  melting  point  of  173°  C,  differing 
from  the  active  form  which  has  a  melting  point  of  182°  to 
183°  C.  Thus,  the  presence  of  inactive  fenchyl  alcohol  was 
conclusively  proved. 

The  second  fraction,  which  was  levo-rotatory,  having 
an  optical  rotation  —20°  28',  was  identified  as  /-menthone 
by  converting  it  into  semicarbazone,  melting  point  184°  C. 
This  was  the  first  time  that  Z-menthone  was  isolated  from 
oils  of  the  Pinus  family. 

A  study  of  the  resinous  matter  in  the  oil  was  made  by  steam 
distilling  the  oil,  when  the  fii-st  half,  which  distils  over,  con- 
tains all  the  fenchyl  alcohol  and  Z-menthone,  and  an  ap- 
preciable quantity  of  resinous  matter.  The  other  half,  which 
remains  in  the  flask,  consists  of  a  viscid  liquid,  an  examination 
of  which  showed  an  acid  value  of  2.7,  saponification  value 
of  17.2,  and  an  iodine  value  to  be  65.6.  These  values  are 
in  very  close  agreement  with  those  found  for  rosin  oil, 
except  for  the  fact  that  the  rosin  oils  so  far  studied 
are  strongly  dextro-rotatory,  the  value  varying  from  30  to 
50,  while  this  sample  imder  examination  was  levo-rotatory, 
having  a  value  of  about  —14°.  It  is  possible  that  some  of 
the  menthone  in  the  oil  may  have  polymerized  or  resinified, 
thus  giving  a  levo-rotation.  It  gave  the  Renard,  Lieber- 
mann-Storch,  and  Halphen  reactions  for  rosin  oil. 

This  pine  oil  differs  from  others  in  its  high  menthone 
content  and  absence  of  terpineol;  besides  fenchyl  alcohol  it 
probably  contains  small  quantities  of  terpenes  and  sesqui- 
terpenes, which  have  changed  into  the  resinous  body,  the 
remainder  constituting  a  large  percentage  of  the  rosin  oil, 
with  small  quantities  of  rosin  spirit  and  colophony. 

Acknowledgment  is  due  M.  J.  Karasji  by  whom  some 
of  the  work  was  performed. 
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Research  for  the  Petroleum  Industry 


By  Raymond  F.  Bacon 

50  East  41st  St.,  New  York,  N.  Y 


THERE  is  no  industry  of  anything  like  the  magnitude 
of  the  petroleum  industry  which  has  such  a  dearth 
of  fundamental  chemical  knowledge  on  which  to  base 
its  operations.  The  reasons  for  tliis  fact  are  twofold.  One 
is  that  petroleum  refining  as  conducted  in  the  past  has  been 
largely  by  physical  separations  rather 
than  by  chemical  processes.  The  other 
is  that  a  study  of  the  structm-e  and  re- 
actions of  petroleum  hydrocarbons  in- 
volves very  great  difficulties.  The  in- 
dustry in  the  past  has  separated  the 
petroleum  into  certain  of  its  original 
parts  and  has  marketed  these  parts  as 
gasoline,  kerosene,  lubricating  oO,  fuel 
oil,  paraffin,  etc.  The  time  has  now 
come  when  commercially  successful  pe- 
troleimi  refining  means  the  manufacture 
from  the  oil  of  substances  which  do 
not  exist  in  the  crude  petroleum  as  such, 
but  are  formed  by  chemical  transmuta- 
tions from  other  compounds  present  as 
constituents  of  the  petroleum.  For  exam- 
ple, the  time  has  come  when  not  aU  the 
kerosene  hydrocarbons  which  exist  natu- 
rally in  crude  petroleum  can  be  advan- 
tageously sold  as  kerosene.  Ideal  refin- 
ing means  production  from  the  crude 
oil  of  only  those  products  which  can  be  most  profitably 
marketed  at  a  particular  time.  This  means  chemical  change 
of  many  of  the  compounds  contained  in  petroleum  into  other 
chemical  indi\'iduals. 

The  industry  is  meeting  this  situation,  as  the  thousand  and 
more  patents  relating  to  cracking  piocesses  for  making  gaso- 
line would  indicate.  The  industry,  however,  could  work  out 
its  salvation  much  faster  and  on  sounder  lines  if  more  were 
known  regarding  the  nature  and  properties  of  the  individual 
hydrocarbons  constituting  petroleum.  One  can  read  in 
scientific  hterature  pages  and  pages  describing  the  properties 
and  chemical  reactions  of  hydrocarbons  of  which  at  most  a 
few  hundred  grams  may  have  existed  in  the  whole  world, 
while  tons  and  thousands  of  tons  of  hydrocarbons  are  being 
produced  daily  of  which  we  know  absolutely  nothing  regard- 
ing their  chemical  properties,  their  reactions,  and  their 
structure.  There  is  almost  no  field  of  research  open  to  the 
pure  scientist  which  offers  such  fascination  in  its  difficulty, 
nor  such  promise,  if  its  difficulties  are  overcome,  of  opening 
up  a  whole  new  field  of  chemistrj',  as  the  study  of  these 
unknown  petroleum  hydrocarbons.  The  action  of  heat  alone 
on  these  hydrocarbons,  under  all  possible  conditions,  is  an 
alluring  field  of  study,  and  on  tliis  heat  action  (pyrolysis) 
most  of  the  processes  of  gasohne  manufacture  are  founded, 
but  largely  on  an  empirical  basis.  As  an  example  of  interest- 
ing relations  of  this  character,  the  Burton  and  other  similar 
pressure  distillation  processes  of  cracking  give  gasohne  which, 
considering  its  saturated  constituents,'  is  apparently  of  much 
the  same  character  as  the  gasoline  hydrocarbons  found  natu- 
rally occurring  in  petroleums.  On  the  other  hand,  when  hea\-y 
petroleum  oils  are  cracked  under  the  conditions  of  the  Ramage 
process,  the  gasoline  hydrocarbons  obtained  have  for  similar 
boihng  points  a  much  higher  specific  gravity  and  a  much 
higher  refractive  index,  indicating   that   the   hydrocarbons 
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formed  are  probably  rmg  compounds.  Still,  so  far  as  the 
writer's  observation  goes,  these  ring  compounds  formed  in 
this  way  are  not  of  the  same  character  as  the  naphthenes,  as 
they  do  not  show  the  same  resistance  toward  chemical  agents 
as  the  true  naphthenes. 

Electrical  Waves  in  Cracking 
Processes 

In  the  patent  literature  on  cracking 
processes  claims  are  made  by  various  in- 
\entors  of  the  efficacy  of  electrical  waves, 
of  the  impact  of  ions,  and  even  of  me- 
chanical impact  itself  in  causing  the 
breaking  down  of  hydrocarbons  contain- 
ing many  carbon  atoms  into  those  con- 
taining a  lesser  number.  Scientific  work- 
ers would  find  here  an  interesting  and 
perhaps  profitable  field  of  investigation, 
for  it  is,  of  course,  known  that  under 
proper  conditions  electrical  waves  of 
suitable  character  can  cause  profound 
changes  in  chemical  compounds.  It  is  also 
Ivnown  that  electrons  meeting  molecules  at 
sufficient  velocity  can  cause  the  disinte- 
gration of  those  molecules,  thus  forming 
new  compounds.  Furthermore,  impact 
of  sufficiently  \'iolent  character  does  cause 
the  breaking  do^-n  of  many  types  of  compounds — as,  for 
instance,  explosives.  The  scientific  study  of  reactions  of  tliis 
type  should  yield  most  valuable  results  which  might  also 
possibly  pro"\'e  to  be  of  great  practical  value. 

Lubrication 

When  one  considers  the  subject  in  aU  its  ramifications, 
there  is  hardly  anything  in  the  world  quite  so  important  as 
lubrication.  The  world's  consumption  of  lubricants  does 
not  rank  with  its  consumption  of  many  other  products,  but 
without  the  lubricants  aU  machinery  stops.  There  is  no 
doubt  that  one  of  the  greatest  sources  of  worry  of  the  German 
General  Staff  in  the  war  was  as  to  whether  they  could  main- 
tain a  sufficient  supply  of  lubricants  in  a  shut-in  Germany. 
Yet,  with  the  subject  so  important,  what  do  we  know  about 
the  scientific  nature  of  lubrication  or  the  chemical  or  physical 
structure  of  a  substance  which  makes  it  a  good  lubricant? 
Our  ignorance  is  really  appaUing.  The  writer  well  remembers 
the  fascination  with  which  he  heard  Dr.  Mabery  tell  about 
how  he  had  fractioned  a  certain  petroleum  into  various  narrow 
fractions  and  had  found  that  one  of  these  fractions  made  a 
most  excellent  oil  for  lubricating  watches,  while  a  nearby 
fraction  was  of  such  a  character  that  it  stopped  the  watch. 
It  is  well  known  to  all  who  are  conversant  with  the  subject 
that  there  are  no  chemical  or  physical  tests  wliich  can  be  made 
on  a  new  product  which  will  prove  definitely  whether  or  not 
it  wiU  serve  as  a  good  lubricant  for  a  particular  piece  of  ma- 
chinery. The  only  test  that  is  of  real  value  is  to  try  it  on 
the  machine  to  be  lubricated. 

In  this  connection,  there  is  another  subject  which  offers 
great  promise  for  investigation,  and  that  is  the  relation  of 
those  hydrocarbons  which  go  to  make  up  what  we  call  "pet- 
rolatum" to  other  hydrocarbons,  possibly  with  the  same 
number  of  carbon  atoms,  which  are  either  liquid  oils  or  are 
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solid,  crystalline  compounds  of  the  type  which  make  up  paraf- 
fin wax.  There  are  indications  that  in  petroleum  there  may 
be  at  least  three  classes  of  hydrocarbons  all  with  the  same 
number  of  carbon  atoms,  one  class  being  liquid  at  ordinary 
temperatures,  another  of  the  consistency  of  petroleum  jelly, 
and  still  another  solid  and  of  crystalline  structure  at  ordinary 
temperatures.  A  joint  attack  on  a  problem  of  this  kind  by 
men  with  the  viewpoint  of  the  colloidal  chemist  and  of  the 
structural  organic  chemist  would  seem  to  promise  greatest 
results. 

Before  lea\'ing  the  subject  of  lubricants  it  should  be  pointed 
out  that  there  are  many  indications  that  small  quantities  of 
other  substances  mixed  with  the  base  lubricant  may  greatly 
improve  the  qualities  of  that  lubricant.  In  fact,  from  the 
viewpoint  of  those  v/ho  think  in  matters  colloidal,  it  may  be 
that  a  good  lubricant  i.s  a  colloidal  dispersion  of  a  substance 
in  a  liquid  which  itself  may  have  only  indifferent  lubricating 
qualities.  In  this  connection,  it  might  be  mentioned  that 
it  has  been  well  proved  that  one  requisite  of  a  good  lubricant 
is  that  the  lubricant  should  stick  tightly  to  the  metal  surface 
lubricated;  it  should,  in  other  words,  so  tightly  adhere  to 
the  lubricated  surface  that  it  is  almost  impossible  to  remo^■e 
every  trace  of  it.  The  process  of  the  flotation  of  ores  is  based 
on  the  fact  that  certain  kinds  of  substances  preferentially  wet 
metallic  or  metal-like  mineral  surfaces  as  compared  to  gangue 
surfaces.  The  quantity  of  substance  required  to  change  the 
surface  sufficiently  to  permit  the  flotation  of  ores  is  extremely 
minute,  and  there  is  every  reason  to  believe  that  there  is  an 
actual  adsorption  of  the  flotation  agent  on  the  metallic  surface. 
Substances  of  very  diverse  chemical  and  physical  properties 
exhibit  this  phenomena,  such  as  fatty  oils,  petroleum  oils, 
phenol  and  cresol,  and  even  soluble  solids  like  a-naphthyl- 
amine  and  thiocarbanalide.  May  it  not  be  that  small  quan- 
tities of  properly  chosen  materials  colloidally  disbursed  in 
the  usual  lubricating  oils  miglit  increase  this  wetting  or 
adhering  power  of  the  lubricating  surface  and  thus  make 
better  lubricants?  This  subject  has  its  fascination  not 
only  from  the  industrial  possibilities,  but  also  from  the 
jjure  science  standpoint.  The  reason  why  one  liquid  will  wet 
a  certain  surface  and  another  will  not  is  one  of  the  very 
obscure  phenomena  of  physical  science,  and  it  is  only  recently, 
since  Langmuir  and  others  have  visualized  the  actual  physical 
structure  of  the  molecules,  that  any  picture  at  all  has  come  to 
us  as  to  why  or  how  these  things  can  be. 

Utilization  of  Natural  Gas 

One  of  the  great  problems  of  the  petroleum  industry  is  the 
utilization  of  natural  gas.  In  almost  all  new  petroleum 
fields  large  quantities  of  natural  gas  are  found  in  the  wells. 
Wells  flowing  10,000,000  feet  of  natural  gas  per  day  are  not 
unusual  and  those  with  50,000,000  feet  have  been  recorded. 
The  petroleum  field  is  usually  located  so  far  from  industrial 
centers  that  this  gas  cannot  be  profitably  piped  for  fuel 
purposes.  Moreover  many  structures  drilled  for  oil  yield 
little  or  no  oil,  but  large  quantities  of  natural  gas.  If  this 
natural  gas  contains  small  quantities  of  the  higher  hydro- 
carbons, it  is  usually  stripped  of  these  hydrocarbons,  which 
form  the  so-called  casinghead  gasoline  of  commerce.  The 
methods  in  use  for  obtaining  casinghead  gasoline  from  natural 
gas  are  fahly  satisfactory,  but  one  great  need  is  to  so  simphfy 
the  apparatus  that  it  can  be  cheaply  moved  when  the  gas 
supply  diminishes.  The  stripped  gas  is  used  to  a  minor  ex- 
tent in  drilling  operations  and  in  local  industries,  but  the 
history  of  most  fields  is  that  a  great  percentage  of  it  escapes 
and  is  wasted.  Natural  gas  is  utilized  in  some  fields  for  the 
making  of  carbon  black,  and  this  is  quite  justifiable  at  points 
where  no  better  use  can  be  made  of  the  gas.  Carbon  black 
is  an  important  and  necessary  commodity,  the  use  of  which 
is  rapidly  increasing.     The  attack  on  the  use  of  natural  gas 


for  carbon  black  manufacture  is  based  on  tlie  fact  that  the 
gas  by  present  methods  only  yields  1  or  2  pounds  of  carbon 
black  per  1000  cubic  feet  of  gas  consumed,  whereas  the  gas 
actually  contains  upward  of  40  pounds  of  carbon  black  for 
each  1000  cubic  feet.  Researches  directed  toward  increasing 
the  percentage  of  good  carbon  black  obtainable  from  natural 
gas  offer  a  field  alluring  both  from  the  industrial  and  from 
the  pure  science  standpoint.  If  natural  gas  is  subjected  to 
sufficiently  high  temperature,  it  is  completely  broken  down 
into  carbon  and  hydrogen,  and  in  that  case  the  yield  of 
carbon  obtained  is  about  40  pounds  per  1000  cubic  feet  of  gas. 
The  carbon  obtained  in  this  way  has  a  relatively  liigh  specific 
gravity,  is  grayish  in  color,  and  is  somewhat  gritty,  instead 
of  having  the  low  specific  gravity,  the  desirable  velvety  black 
color,  and  freedom  from  grit  demanded  of  commercial  carbon 
black.  In  the  operations  for  the  manufacture  of  casinghead 
gasoline  from  natural  gas,  the  casinghead  gasoline  obtained 
usually  contains  very  considerable  percentages  of  the  lower 
members  of  the  paraffin  series  of  hydrocarbons,  particularly 
the  propanes,  butanes,  and  pentanes.  These  very  low  boiling 
hydrocarbons  are  allowed  to  distil  from  the  casinghead  gaso- 
line either  in  special  apparatus  designed  for  the  purpose,  or 
very  often  by  a  simple  process  of  weathering.  They  offer  a 
cheap  raw  material  for  the  synthesis  of  many  classes  of  com- 
pounds containing  tlu-ee,  four,  or  five  carbon  atoms,  and  the 
amount  of  such  material  available  is  sufficient  to  supply  a 
very  large  industry. 

Treatment  of  Distill.\tes 

It  is  the  practice  of  the  petroleum  industry  to  treat  various 
distillates  with  acid  and  alkali  for  the  purpose  of  removing 
the  color  and  certain  undesirable  constituents  and  improving 
the  odor.  In  this  treatment  the  acid  that  is  virtually  always 
employed  is  a  strong  sulfuric  acid,  and  in  the  case  of  most 
gasoline  and  burning  oO  distillates  the  refining  loss  from  such 
treatment  is  rather  small.  In  the  case  of  the  higher  boUing 
oils,  such  as  lubricating  oils,  the  treatment  loss  is  often  very 
considerable,  so  that  the  study  of  methods  of  "treating" 
higher  boihng  petroleum  distillates  is  a  subject  very  worthy 
of  investigation.  Sulfuric  acid  probably  acts  in  two  ways  in 
tlie  treatment  of  petroleum  distUlate.  It  acts  chemically 
on  certain  unsaturated  hydrocarbons,  poh^merizing  them, 
and  it  also  acts  physically  as  a  solvent  for  some  of  these 
polymerized  tars  and  for  certain  other  tarry  or  nitrogenous 
materials  wliich  are  in  the  oil.  Very  often  its  action  may  go 
too  far  and  compounds  are  formed  which  are  of  an  emulsifying 
nature  and  which  render  separation  of  the  oil  from  the  alkali 
or  from  water,  a  subsequent  operation,  very  difficult.  Sim- 
ilarly, treatment  for  the  refining  of  cracked  gasoline  also  is 
apt  to  cause  heavy  refining  loss.  It  used  to  be  thought  that 
the  treatment  with  acid  in  any  case  was  for  the  purpose  of 
removing  unsaturated  hydrocarbons,  and  that  unless  these 
unsaturated  hydrocarbons  were  removed  the  distillate  would 
after  a  certain  length  of  time  lose  its  color,  take  on  offensive 
odors,  and  in  many  cases  separate  gummy  matter.  It  has 
been  shown  that  it  is  not  the  unsaturated  hydrocarbons 
■per  se  which  cause  these  phenomena,  although  when  certain 
other  objectionable  substances  are  present  reactions  are 
started  in  which  the  unsaturated  hydrocarbons  probably 
take  part  and  probably  do  cause  part  of  the  phenomena 
mentioned.  There  is,  however,  good  reason  to  believe  that 
the  removal  of  only  exceedingly  small  amounts  of  the  of- 
fending materials  from  any  petroleum  distillate  will  give  a 
product  of  proper  color  and  of  sufficiently  good  keeping 
qualities  for  commercial  purposes,  and  that  the  present  large 
refining  losses  on  certain  petroleum  distillates  are  unneces- 
sary. The  problem  is  to  find  cheap  commercial  methods  of 
reaching  this  ideal. 
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Possibilities  of  Industry 

The  problems  which  have  been  mentioned  are  those  which 
are  intimately  connected  with  the  present  practical  operation 
of  the  industry  and  are,  in  the  wiiter's  opinion,  problems  of  a 
character  for  which  a  satisfactory  solution  can  be  found. 
In  addition,  there  is  an  immense  field  of  problems  whose 
solution  is  more  chimerical.  We  have  all  heard  the  petroleum 
industry  compared  with  the  coal-tar  industry  and  the  belief 
that  some  day  there  will  be  a  great  organic  chemistry  of  the 
petroleum  products,  the  same  as  there  is  a  great  organic 
chemistry  of  the  coal-tar  products.  The  budding  young 
organic  chemist  shoidd  be  reminded  that  the  rejjutations  of 
most  of  the  great  organic  chemists  of  the  last  century  were 
based  on  the  solution  of  problems  connected  with  products 
from  coal  tar  and  that  the  time  will  come  when  some  new 
Baeyer  will  open  up  the  chemistry  of  petroleum  products. 
It  will  probably  be  many,  many  years,  however,  before  real 
progress  has  been  made  in  systematically  ordering  and  ar- 
ranging the  reactions  of  chemical  compounds  derived  from 
petroleum.  Nevertheless  there  are  certain  fields  along  these 
lines  which  appear  somewhat  less  difficult  than  some  of  the 
others  and  which  have  great  industrial  importance.  One 
is  the  manufacture  of  resins  from  petroleum.  Fossil  resins 
are  rapidly  being  exhausted.  Certain  synthetic  resins  of 
the  type  of  Bakelite  are  almost  ideally  adapted  for  various 
industrial  uses,  but  resins  of  this  type  are  necessarily  some- 
what high  in  price  and  cannot  be  used  for  all  purposes.  The 
coumarone  resins,  prepared  by  polymerization  of  certain 
liquid  fractious  from  coal  tar,  are  supplying  a  certain  need 
for  lower  priced  material,  but  there  is  still  a  big  field,  es- 


jjecially  in  light-colored,  durable  resins  to  be  prepared  from 
fractions  of  petroleum.  The  writer  believes  that  this  will 
bo  done  within  the  next  few  years. 

Another  similar  field  which  offers  promise  is  the  prepara- 
tion of  true  drying  oils  from  petroleum.  The  drj'ing  oils  are 
characterized  by  containing  certain  double  bonds  wliich  in 
drying  absorb  oxygen,  making  the  hard  elastic  film  demanded 
by  the  paint  industrj'.  In  other  fields  of  chemistry  it  is  possi- 
ble to  put  double  bonds  into  compounds  at  will,  and  there  is 
little  doubt  that  properly  directed  work  could  ascertain  how 
to  do  this  in  the  field  of  petroleum  hydrocarbons. 

Another  field  is  the  manufacture  of  acids  from  the  higher 
petroleum  hydrocarbons,  it  being  assumed  that  such  acids 
would  be  suitable  for  the  manufacture  of  soaps.  Much  work 
has  been  done  on  this  subject,  so  far  without  any  commercial 
success.  It  is  probable  that  this  problem  is  a  much  more 
difficult  one  than  those  mentioned  previously. 

The  solution  of  chemical  problems  of  this  character  will  be 
a  benefit,  not  onh'  to  the  industry  itself,  but  to  the  great 
general  public  along  the  lines  of  conservation.  Oiu-  descen- 
dants will,  no  doubt,  be  shocked  that  the  people  of  this  gen- 
eration burned  as  fuel  oil  useful  hj^drocarbons  from  which 
they  -nill  know  how  to  manufacture  many  very  valuable  and 
necessary  materials;  but  the  use  of  certain  fractions  of  pe- 
troleum for  fuel  is  justifiable  at  the  present  time  because  we 
know  of  no  better  utilization  of  this  material.  'Workers 
in  pure  science  can  find  no  field  of  investigation  offering  more 
promise  from  the  purelj^  scientific  standpoint,  nor  from  the 
standpoint  of  benefiting  industry  and  their  fellow  men,  than 
in  taking  up  some  of  these  problems  of  the  great  petroleum 
industrv. 


Radiator  for  Platinum  Crucibles' 

By  Manuel  M.  Green 

Massachusetts  I.nstitvte  of  Technology,  Cambridge,  Mass. 


A  SHORT  time  ago  while  carrying  out  an  investigation 
on  the  determination  of  potash  in  acid-insoluble 
silicates,-  the  writer  decomposed  the  samples  with 
hydrofluoric  and  percliloric  acids,  at  first  evaporating  the 
s<jlutions  of  perchloric  acid  fumes  by  hand.     Owing  to  the 

fact  that  there  was 
some  loss  by  spatter- 
ing, the  type  of  radi- 
ator made  of  sheet  iron 
recommended  by  the 
Geological  Survej-^ 
was  used.  For  such 
a  radiator,  when  a 
platinum  bottom  is  not 
used,  it  is  necessary  to 
use  the  fuU  heat  of  a 
Tirrill  burner,  or  else 
a  Aleker  burner.  As 
the  investigation  was 
carried  out  during  the 
summer  months,  the 
discomfort  acconipanj'ing  the  continuous  use  of  so  large  a 
flame  led  to  a  search  for  a  more  comfortable  means  of  get- 
ting the  desired  result. 
Thornton''  recommends  the  use  of  a  l(X)-cc.  nickel  crucible 
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•  Hillebrand,  "Analysis  of  Silicate  and  Carbonate  Roclis,"  U.  S.  Ceol. 
Survey,  Bull.  700,  p.  33. 
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for  a  radiator,  claiming  that  only  a  small  flame  is  needed  li» 
heat  the  platinum  crucible  uniformly.  While  Thornton's 
apparatus  is  more  desirable  than  the  other,  it  was  deemetl 
advisable  to  improve  on  it  if  possible,  and  the  following 
piece  of  apparatus  was  constructed  to  rejjlace  the  older  type. 

A  piece  of  wire  gauze,  12. .5  cm.  square,  is  bent  into  the 
capsule  shape  indicated  in  the  diagram,  by  simply  hammeruig 
the  center,  A,  of  the  gauze,  supported  on  a  metal  knob,  as 
far  in  as  it  will  go,  then  bending  back  the  corners,  B,  so  as  to 
provide  a  means  of  suspending  the  apparatus  on  a  ring  stand. 
From  a  second  piece  of  gauze  a  round  piece,  C,  is  cut  of  such 
a  size  that  when  fitted  into  the  first  part  it  is  held  alx»ut 
2  cm.  above  the  center,  A.  A  triangle,  D,  is  next  fitted  in 
1.5  cm.  above  C.  The  triangle  D  may  be  made  from  an 
ordinary  chromel  triangle  used  in  ignitions  by  cutting  off  all 
the  curled  part  at  the  corners  with  the  exception  of  just  enough 
to  keep  the  triangle  together. 

If,  now,  the  crucible  containing  the  solution  to  be  evap- 
orated is  placed  in  the  triangle,  the  bottom  of  the  crucible 
comes  about  0.5  cm.  from  the  bottom  C.  A  A'ery  small 
flame,  the  smallest  obtainable  from  a  Tirrill  burner  without 
having  it  go  out,  if  directed  at  point  A  (the  apparatus  being 
supported  so  that  the  tip  of  A  comes  about  3  cm.  above  the 
tip  of  the  flame),  causes  the  solution  to  evaporate  rapidly 
and  smoothly,  ^rithout  spattering,  to  fumes  or  dryness  as 
desired. 

This  new  type  of  radiator  has  the  advantage  over  the  older 
types  in  economy  of  heat,  economy  and  ease  of  constmction, 
and  elimination  of  discomfort. 
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The  Paper  Industry:  Problems  and  Recent  Developments 


By  Bjame  Johnsen 

iMERMiu.  Paper  Co.,  Erie,  Pa. 


WHPjN  wood  was  introduced  a.s  a  paper-makiii.g 
material,  about  the  middle  of  the  19th  century, 
it  was  believed  that  an  inexhaustible  supply  of 
raw  material  had  been  found.  It  is  true  that  there  are  suffi- 
<'ieut  areas  available  to  produce  aU  wood  necessary,  Init  cx- 
jierience  has  shown  that  only  a  very  few 
countries  have  realized  the  importance 
of  assisting  nature  in  maintaining  the 
fiirests.  These  countries  have  conser\-ed 
their  supplies  by  forest  managenient, 
other  countries  have  kept  their  supplies 
l)Y  importing  wood,  and  stOl  others  have 
<lepleted  their  supplies  and  are  now  anx- 
iously looking  for  new  sources  either  of 
wood  or  other  materials.  Hand  in  hand 
with  the  depletion  of  the  forests  of  the 
world  a  \'ery  rapid  increase  in  consump- 
tion of  paper  has  taken  place,  and  tlu' 
most  important  problem  for  all  paper- 
]3roducing  countries  is  now  conservation 
of  existing  forests  and  development  of 
new  forests  by  reforestation.  While  the 
jxaper  industry  uses  only  a  small  per- 
centage of  the  total  wood  consumed,  the 
jiaper  manufacturers,  either  directly  or 
through  various  associations,  are  doins 
more  toward  conserving  and  impro\'ing 
forests  tlian  any  other  wood-using  in- 
dustry. 

With  the  tremendous  increase  in  the 
manufacture  and  consumption  of  paper,  wood  supplies  have 
to  be  secured  from  greater  and  greater  distances  from 
established  mills,  which  results  in  increases  in  costs  clue  to 
freight  charges.  As  a  result  of  the  increased  costs  of  raw 
materials  the  mills  are  directing  tlieir  attention  more  and 
more  to  improvements  in  processes  leading  to  greater  effi- 
ciency and  economy. 

The  yield  of  mechanical  and  chemical  pulps  has  been 
materially  increased  by  the  introduction  of  barkmg  equip- 
ment, which  permits  the  removal  of  bark  without  at  the  same 
time  removing  part  of  the  wood,  as  was  the  case  with  the 
knife  barkers  which  previously  had  been  universally  used. 

In  the  chemical  cooking  processes  efforts  are  now  being 
made  to  increase  yields  by  improvements  in  existing  methods 
and  by  development  of  new  methods.  In  the  manufacture 
of  soda  and  sulfate  pulps  it  has  been  found  that  impregnating 
wood  chips  vnth  cooking  liquor  at  a  low  temperature  and 
then  drawing  off  the  liquor  and  steaming  results  in  a  con- 
siderable increase  in  the  yield  of  pulp.  This  idea  originated 
several  years  ago  with  the  sulfite  process  in  which,  howe\Tr, 
it  has  not  so  far  been  a  commercial  success,  owing  to  the 
fact  that  complete  impregnation  of  chips  with  the  bisulfite 
solution  is  very  difficult  to  accomplish.  However,  it  is 
claimed  that  the  yield  in  the  sulfite  process  can  be  appreciably 
increased  by  heating  the  chips  with  water  or  waste  liquor 
from  previous  cooks  before  actual  cooking  is  started.  By 
the  addition  of  sulfur  to  the  alkaline  cooking  liquors  it  is 
claimed  that  higher  yields  and  better  quality  of  fiber  can  be 
obtained  in  a  shorter  cooking  time. 


I.MPEOVEMENTS  IS  SULFITE   PROCESS 

Experiments  ■nith  the  use  of  sodium  sulfite  in  place  of 
calcium  bisulfite  have  recently  been  continued,  with  very 
lironiising  results  as  far  as  yield  and  bleaching  quality  of 
the  product  are  concerned.  The  main 
problem  connected  with  this  process 
(Bradley  and  McKeefe)  when  operated 
on  a  commercial  scale  is  the  recovery  of 
tlie  sodium  salt  which  is  necessary  to 
make  the  niethod  economical.  It  is  antici- 
pated that  tiie  application  of  sodium 
sulfite  will  make  possible  the  utilization 
of  certain  wood.s  which  cannot  be  suc- 
cessfully cooked  with  calcium  bisidfite. 

A  higher  yield  and  better  quality  of 
lilx'r,  as  well  as  a  saA-ing  in  fuel  and 
ciiemicals,  are  claimed  by  the  use  of  a 
jiatented  modification  of  the  sulfite  meth- 
od (Decker),  in  which  the  relief  gases  and 
liquor  are  transferred  from  one  digester 
to  another  during  the  cooking  operation. 
It  is  reported  that  this  method  has  been 
successfully  operated  in  a  Canadian  mill 
for  some  time. 

Resinous  woods,  such  as  the  southern 
]Mnes  of  the  United  States,  have  not  been 
utilized  in  the  sulfite   process    without 
t^.„^^EN  previous  extraction  to  remove  the  pitch. 

Recent  reports  from  Europe  discourage 
the  use  of  organic  solvents  for  this  purpose  but  encourage 
treatment  with  weak  solutions  of  alkali  previous  to  sulfite 
cooking.  In  some  newsprint  miUs  jack  pine  has  been 
haiulled  without  previous  extraction  by  the  sulfite  process 
witTi  fairly  good  results,  and  investigations  are  under  way 
to  find  out  if  high  grade  sulfite  pulp  can  be  produced  from 
tliis  raw  material,  which  is  quite  plentiful  in  Canada. 

The  greatest  progress  in  the  improvement  of  existing 
methods,  particularly  in  the  sulfite  process,  has  been  accom- 
l)lished  as  the  re.sult  of  increased  knowledge  of  the  chemistry 
of  wood  and  the  chemistry  of  the  reactions  which  take  place 
during  cooking.  Investigations  along  these  lines  which  are 
being  conducted  by  scientific  institutions  as  well  as  by  various 
mills  wiU  undoubtedly  result  in  further  improvements  in 
the  near  future. 

Recovery  of  By-products 

A  gi'cat  problem  in  the  refinement  of  the  pulping  methods 
is  tlie  recovery  of  by-products.  In  spite  of  the  numerous 
methods  which  have  been  proposed  for  the  utilization  of 
the  organic  matters  contained  in  sulfite  waste  liquor,  the 
jiroblem  camiot  be  considered  as  solved.  A  large  number 
of  the  plants  which  have  been  recently  erected,  particularly 
in  Europe,  for  the  production  of  ethyl  alcohol,  some  of  which 
were  in  operation  during  the  war  period,  have  now  dis- 
continued operation.  This  has  been  due  partly  to  adverse 
legLslation  and  partly  to  competition  with  other  materials 
because  of  the  higher  cost  of  production  of  etliyl  alcohol 
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from  tliis  waste.  Other  products  have  been  produced 
commercially  in  some  countries  for  use  as  substitutes  during 
the  period  of  abnormal  market  conditions.  With  the  im- 
provement in  the  design  of  evaporators  it  has  been  foimd 
profitable  in  some  cases  to  use  the  concentrated  liquor  as  a 
fuel,  but  this  should  be  considered  rather  as  a  destructive 
disposal  of  the  hquor  in  locations  where  its  elimination  has 
been  found  to  be  necessarj'.  The  real  problem  will  not  be 
solved  until  it  is  possible  to  separate  the  various  constituents 
of  the  liquor  and  refine  them  into  high-grade  products. 

In  the  alkaline  processes  it  is  customarj-  to  evaporate  the 
waste  liquors  in  order  to  recover  the  alkaU,  in  wliich  case 
the  organic  matter  furnishes  the  fuel  necessary  for  incin- 
eration. A  recently  developed  process  (Rinman)  wliich 
has  already  been  commercially  used  with  success,  includes 
the  recovery,  from  the  organic  matters,  of  methanol,  acetone, 
and  various  oils  by  means  of  distillation,  and  in  this  case 
the  fuel  gases  developed  in  the  process  are  used  for  heating 
the  retort. 

Along  the  Hne  of  conservation  of  wood  are  the  attempts 
to  develop  better  ways  of  storing  pulpwood  so  as  to  reduce 
losses  due  to  decay.  Investigations  have  been  made  to 
throw  more  light  on  the  actual  losses  and  the  effect  on  the 
quality  of  fiber  as  a  result  of  decay.  Valuable  work  is  also 
being  done  to  determine  the  most  profitable  ways  of  utihzing 
wood  which  has  decayed  in  the  standing  forest  or  during 
the  storage  period. 

Wood  Substitutes 

While  wood  is  the  ideal  raw  material  for  the  ever  increasing 
production  of  paper,,  a  certain  amount  of  the  fiber  required 
is  being  secured  from  other  sources,  such  as  various  straws 
and  grasses.  Esparto  and  straw  are  extensivelj'  used  in 
Europe  for  the  production  of  high-grade  papers,  and  investi- 
gations are  constantly  being  made  to  determine  the  value 
of  other  plants,  such  as  bamboo,  reeds,  various  grasses,  and 
the  Uke.  The  use  of  these  raw  materials  has  not  been  con- 
sidered very  attractive  in  countries  where  wood  could  be 
easOy  obtained,  because  of  the  difficulties  in  harvesting, 
transporting,  and  storing  of  materials  of  such  a  bulky  nature, 
and  also  on  account  of  lack  of  uniformity  in  the  materials 
which  makes  the  apphcation  of  existing  processes  difficult. 
Kevertheless,  it  is  reported  that  a  mill  is  in  operation  in  Flor- 
ida for  the  purpose  of  utihzing  saw-gra.ss  for  the  manufactiu-e 
of  high-grade  pulp.  In  spite  of  the  difficulties  in  harvesting 
and  the  low  jield,  this  mill  is  planned  for  an  ultimate  pro- 
duction of  100  tons  a  daj*. 

Investigations  so  far  seem  to  point  to  the  desirability 
of  handling  these  plant  materials  by  a  combination  of  cooking 
processes  with  utihzation  of  by-products,  which  results  in 
greater  economy,  a  better  product,  and  higher  jields.  Such 
results  are  claimed  for  chlorination  processes  (DeVains, 
Peterson,  Cataldi,  etc.)  recently  developed  in  Europe,  which 
include  treatment  with  weak  alkali  followed  by  a  chlorination 
either  with  the  chlorine  gas  or  in  aqueous  solution.  After 
the  clilorinated  substances  have  been  removed  by  means  of 
weak  alkah,  a  yellow  product  is  obtained  which  can  be 
refined  to  a  white  pulp  by  means  of  the  ordinarj-  bleaching 
process.  It  is  pointed  out  that  such  a  process  is  particularly 
attractive  in  locaUties  where  power  is  cheap,  because  sodium 
chloride  and  lime  are  the  only  chemicals  required. 

Impeoat:ments  in  Bleaching 

In  the  bleaching  process  improvements  in  equipment 
make  it  possible  to  bleach  at  a  liigh  density  and  a  low  tem- 
perature, which  results  in  a  saving  of  bleach  and  an  increase 
in  yield.  Such  equipment  has  been  developed  more  on  the 
basis  of  experience  than  as  the  result  of  scientific  research. 


It  is  only  very  recently  that  Schwalbe  pubhshed  results  of 
extensive  investigations  on  the  bleaching  of  pulp,  which 
not  only  explam  many  of  the  practical  experiences,  but  also 
give  additional  information  regarding  the  chemistry  of  the 
process.  This  information  will  undoubtedly  influence  future 
development  of  bleaching  equipment.  A  verj'  interesting 
result  of  his  experiments  is  the  establishment  of  the  fact 
that  during  bleaching  carbon  dioxide  is  developed  which 
is  absorbed  by  the  fiber  and  retards  the  bleacliing.  This 
shows  the  necessity  of  remo\ing  the  carbon  dioxide  by 
mechanical  means,  such  as  agitation,  or  by  increasing  the 
temperature. 

Another  important  result  is  the  difference  in  the  action 
of  chlorine  and  hypochlorous  acid  because  of  their  effect 
on  jield  and  on  the  final  purity  of  the  fiber,  the  hj-pochlorous 
acid  reacting  with  the  coloring  matters  while  the  chlorine 
attacks  residual  hgnin  compounds.  Similar  conclusions 
were  reached  by  Heuser  and  explain  results  obtained  by 
investigators  wiio  have  studied  the  comparative  merits  of 
acid  and  of  alkaline  bleaching  and  the  effect  of  a  combination 
of  both. 

Sizing 

Probably  the  most  important  chemical  operation  in  the 
paper  mill  is  sizing.  There  has  been  much  discussion  con- 
cerning this  process  and  much  difference  of  opinion  con- 
cerning the  chemistry  of  the  operation.  During  the  past 
year  independent  investigations  by  Heuser,  Lorenz,  and 
Sieber  have  reached  practically  the  same  conclusions — i.  e., 
that  the  sizing  is  the  result  of  several  distinct  reactions, 
the  most  important  of  which  are  adsorption  between  the 
two  colloids,  free  rosin  and  aluminium  hydrate,  and  a  fm-ther 
adsorption  of  the  compound  thus  formed  by  the  colloidal 
cellulose  fiber,  the  reactions  being  based  on  the  electric 
charges  of  the  respective  substances.  In  these  reactions 
the  importance  of  the  apphcation  of  colloid  chemistry  is, 
perhaps,  more  clearly  demonstrated  than  in  any  other  paper- 
making  process.  Further  steps  in  the  investigation  of  sizing 
must  include  consideration  of  the  colloidal  nature  of  the 
cellulose  fiber  to  a  gi'eater  extent  than  has  been  the  case 
heretofore.  There  must  also  be  included  a  more  thorough 
study  of  the  colloidal  changes  of  the  cellulose  fiber  as  affected 
by  the  beating  process.  The  economy  of  the  beating  process, 
so  far  as  beater  construction  is  concerned,  can  be  success- 
fully studied  on  the  basis  of  the  exceUent  contributions  on 
this  subject  recentlj-  made  by  Sigurd  Smith. 

iMPORT.iNCE  OF  SCIENTIFIC  CONTROL 

Many  of  the  developments  which  have  been  mentioned 
are  the  results  of  investigations  carried  out  in  scientific 
institutions.  In  order  to  apply  such  results  to  the  best 
advantage,  the  ser\ices  of  technically  trained  men  are  neces- 
sary and  the  tremendous  unpro\-ements  which  have  already 
been  made  in  the  efficiency  and  economy  of  the  processes, 
as  well  as  in  the  quahty  of  the  final  products,  are  due  to  a 
large  extent  to  the  wider  emplojTQent  of  technicaUy  trained 
men.  Wliile  teclmical  control  is  by  no  means  uni\'ersal, 
there  has  been  a  decided  improvement  in  this  respect  during 
the  past  few  years,  and  there  is  an  increasing  tendency  on 
the  part  of  even  the  smaller  mills  to  follow  the  example  of 
the  larger  companies  which  have  successfully  apphed  strict 
scientific  control  to  all  their  operations  and  products.  As 
one  example  of  the  result  of  control  it  may  be  pointed  out 
that  only  a  very  few  years  ago  it  was  considered  impossible 
to  increase  the  speed  of  newsprint  machines  to  1000  feet 
per  minute.  To-day  there  are  machines  running  at  even 
greater  rate  and  other  machines  are  under  construction  which 
are  e.xpected  to  operate  at  much  higher  speeds.  This  de- 
velopment is,  of  course,  due  to  a  large  extent  to  the  mechani- 
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cal  improvements  in  paper-machine  eonstruction,  but  no 
less  due  to  the  uniformity  of  the  ground  wood  pulp,  which 
is  a  direct  result  of  scientific  control  of  the  grinding  process. 
This  illustration  of  the  results  of  scientific  control  in  the  com- 
parativelj'  simple  newsprint  process  indicates  what  is  being 
done  and  what  can  be  accomplished  in  the  more  complicated 
operations  involved  in  the  manufacture  of  finer  papers. 

The  economic  utilization  of  fibrous  raw  materials  also 
includes  prevention  of  losses.  In  the  course  of  the  manu- 
factiu'e  of  paper  there  are  a  number  of  washing  and  concen- 
trating processes  in  which  the  waste  waters  may  carry  away 
large  amounts  of  fibers.  The  reduction  or  elimination  of 
these  losses,  which  in  some  mills  are  very  large,  is  one  of  the 
problems  of  a  special  committee  of  the  Technical  Association 
of  the  American  Pulp  and  Paper  Industry.  So  far  the  work 
of  this  committee  has  consisted  in  finding  out  the  nature 
and  amount  of  these  wastes  and  in  informing  mills  wliich 
have  neglected  this  subject  how  such  losses  can  be  determined, 
and  also  in  investigating  the  most  efficient  equipment  for 
recovery  of  this  material.  Most  complete  recovery  has 
always  been  obtained  by  means  of  setthng  tanks  or  basins 
of  various  constructions,  provided  these  are  of  ample  capac- 


ity', and  recently  various  coagulants  have  been  suggested  as 
a  means  of  accelerating  such  settling.  Another  phase  of 
the  work  of  the  committee  is  the  utilization  of  wood  room 
refuse,  such  as  bark  and  sawdust.  These  materials  are 
commonly  disposed  of  as  power  plant  fuel,  but  since  their 
fuel  value  is  very  low  because  of  the  large  amount  of  moisture 
they  contain,  the  efficient  removal  of  the  greatest  possible 
part  of  the  moistiu'e  by  means  of  presses  is  being  stuclied. 

In  the  discussion  of  sizing  and  beating  reference  was  made 
to  the  importance  of  a  more  exact  knowledge  of  the  part 
wliich  the  cellulose  fiber,  as  a  colloid,  plays  in  the  reactions. 
In  the  other  processes,  such  as  cooking,  bleaching,  dyeing, 
and  the  like,  the  value  of  a  thorough  understanding  of  the 
nature  of  cellulose  is  no  less  apparent.  The  establishment 
of  cellulose  research  institutions  in  Europe  and  the  United 
States  and,  more  recently,  the  formation  of  a  cellulose 
division  of  the  American  Chemic.^-L  Society,  is  therefore 
keenly  appreciated  by  the  paper  industry.  More  funda- 
mental data  concerning  the  material  of  prime  importance, 
cellulose,  which  will  be  the  result  of  further  research  must 
necessarily  contribute  more  than  anything  else  toward  the 
development  of  the  paper  industry  on  a  sound  scientific  basis. 


Furnace  Settings  and  Refractory  Cements 


By  F.  J.  Wakem 

Johns-Manville,  Inc.,  New  York,  N.  Y. 


MOST  manufacturers  underestimate  the  importance 
of  furnace  settings.  With  economy  in  view  they 
instal  modern  ecjuipment  and  conveniences  and  then 
counteract  this  economy  by  paying  little  or  no  attention  to 
the  heart  of  their  production — combustion  chambers.  A 
little  thought  and  consideration  can  in  most  cases  prevent 
furnace  failures,  which  mean  holding  up  of  production,  idle 
labor,  and  costly  repairs. 

The  purpose  of  fm-nace  settings  is  to  provide  a  chamber 
for  the  most  efficient  combustion  of  the  fuel  used  which  will 
in  the  best  manner  possible  direct  the  heat  to  the  absorbing 
surfaces  without  waste  and  without  the  intermingling  of  ex- 
cess air.  Naturally,  the  most  economical  results  are  obtained 
when  these  settings  stand  up  without  impaired  efficiency 
under  the  conditions  incidental  to  their  service  for  the  longest 
possible  time.  While  oil  burners,  mechanical  stokers,  and 
mechanical  cbaft  all  contribute  to  increase  plant  efficiency, 
they  result  in  more  severe  furnace  conditions.  Unless  careful 
thought  is  given  to  the  subject  and  the  correct  precautions 
taken,  modern  practice  with  its  forced  ch-aft  and  other  de- 
vices will  result  in  frequent  failures  in  furnace  settings. 

The  design  of  furnaces  varies  so  greatlj'  with  the  different 
types,  operating  conditions,  fuels,  etc.,  that  no  general  state- 
ment can  be  made  to  apply  to  all.  Each  individual  case 
must  be  treated  as  a  separate  problem  and  the  value  of  ex- 
perience accepted.  It  is  sufficient  to  say  that  the  design  of 
a  furnace  is  of  the  utmost  importance,  for  no  manner  of  brick- 
work will  stand  up  under  faulty  furnace  design. 

The  different  conditions  require  fire  brick  of  varied  projier- 
ties;  in  certain  cases,  the  choice  of  brick  depends  upon  the 
heat-resisting  quality;  in  others,  resistance  to  the  impinging 
action  of  the  flame  and  spawling;  while  in  others,  upon  the 
abiMty  to  resist  the  action  of  clinkers,  slagging,  and  slice  bar. 

Two  bricks  may  show  up  equally  as  well  under  a  heat  test 
of  short  duration,  yet  the  one  after  a  few  weeks  of  hard  ser- 


vice will  change  so  that  its  thermal  capacity  is  lowered,  while 
the  other  will  be  practically  unaffected. 

The  life  of  a  furnace  setting  does  not  depend  entirely  upon 
the  quality  or  type  of  brick  used.  Failures  are  often  due 
to  the  inability  of  the  fire  clay  or  bonding  cement  used  to 
fulfil  its  function.  The  best  furnace  setting  has  the  proper 
design,  is  constructed  by  careful  and  experienced  workmen, 
and  is  made  of  the  best  fire  brick  for  the  condition,  bonded 
together  and  protected  ■with  a  high-grade  refractory  cement. 

Aside  from  the  human  element  or  workmanship,  failures 
can  generally  be  traced  to  one  or  more  of  the  following  causes: 
plastic  deformation,  spawling,  cracking  or  bulging,  clinkering, 
melting  or  slagging. 

Plastic  Deform.\tion 

Plastic  deformation  or  loss  in  compressive  strength  due  to 
softening  of  the  brick  depends  on  the  heat  and  load.  If 
onlj'  one  face  or  surface  of  a  brick  is  exposed  to  the  heat, 
the  temperature  may  be  increased  to  a  point  far  beyond  what 
the  brick  would  stand  if  the  entire  brick  were  surrounded  by 
heat  or  if  even  small  portions  of  the  other  five  surfaces  were 
exposed.  The  reason  is  that  when  only  one  face  or  surface 
is  exposed,  the  brick  conducts  the  heat  from  that  surface  only. 
Exposure  of  the  four  adjacent  surfaces  of  the  brick  to  the 
face  occurs  in  a  furnace  setting  in  which  the  fire  clay  or  in- 
ferior cement  bond  between  the  brick  has  given  away.  This 
results  from  the  melting  out  of  the  bond  on  account  of  its 
inability  to  resist  the  heat,  or  from  the  crumbling  and  falling 
away  of  the  bond  due  to  its  failure  to  withstand  expansion 
and  contraction. 

By  using  a  good  grade  of  bonding,  refractory  cement  which 
will  withstand  the  temperature  without  melting  and  which 
will  not  disintegrate  and  fall  out  of  the  joint  when  the  brick- 
work is  under  stress,  the  flame  can  attack  the  brick  on  only 
one  face. 


804 


IXDUSTRIAL  AXD  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  9 


Melting 

OrduiarUy,  the  fiu^ioii  point  of  a  file  brick  would  appear 
to  be  its  most  important  characteristic,  but  in  most  cases 
faihu-es  will  occur  from  plastic  deformation  before  fusion 
occurs. 

The  same  precautions  as  used  in  the  case  of  plastic  de- 
formation will  help  materially  to  prevent  melting  of  the 
fire  brick. 

Spawlixg 

When  expansion  or  shrinkage  occurs  ^ritliin  a  short  tempera- 
tiu'e  range,  if  the  change  in  volume  is  considerable  or  the 
temperatm'e  unevenly  distributed,  then  failure  by  spawling 
is  apt  to  occur.  If  more  than  one  surface  of  the  brick  is  ex- 
posed to  the  heat,  especially  portions  of  the  four  adjacent 
sides,  that  part  of  the  brick  wliich  is  so  exposed  becomes 
hotter  than  the  balance  of  the  brick  and  this  causes  internal 
stresses  which  result  in  spawling.  Bricks  adequately  pro- 
tected with  a  good  refractory  cement  do  not  take  on  or  give 
up  heat  so  quickly  as  exposed  brick,  so  the  temperature 
range  of  expai\sion  and  contraction  is  increased.  Besides, 
as  the  heat  enters  the  brick  from  one  face  only,  the  tempera- 
ture gi-acUent  is  even  and  there  is  less  probability  of  internal 
stress. 

If  spawling  occm'S  or  plastic  deformation  takes  place,  even 
though  the  bricks  are  bonded  together  with  a  suitable  re- 
fractory cement,  additional  protection  can  be  had  by  applj'ing 
a  V4  to  '/Vinch  coating  of  super-refractory  cement  to  the 
surface  of  the  combustion  chamber.  The  refractory  cement 
used  must  ha\'e  a  high  melting  pouit,  be  dense,  and  have 
practically  no  shrinkage. 

Ckackixg  AXD  Bulging 

Expansion  or  contraction  of  fii-e  brick  will  cause  a  setting 
to  crack  or  bulge.  When  fii'e  clay  is  used  for  setting  up  the 
Ijrick,  attempts  are  often  made  to  o^-ercome  its  inabiUty  to 
stay  in  the  joint,  by  reducing  the  thickness  of  bond.  This 
method  throws  all  the  stress  due  to  expansion  and  contraction 
on  the  brick  itself  and  causes  more  severe  cracking  or  bulging. 
High-grade  refractory  cements  have  the  necessary  amount 
of  elasticity  to  cushion  this  straia. 

Slagging 

The  erosive  action  or  slagging  of  fii-e  brick  by  molten  ash 
is  verj^  prevalent  where  coals  are  used,  the  ash  of  which 
softens  at  a  comparatively  low  temperature.  The  flames 
carry  particles  of  molten  ash  which,  enter  the  cracks  or  pores 
in  the  brickwork.  This  combination  of  ash  and  fii-e  brick 
has  a  lower  melting  point  than  the  fii-e  brick  itself.  The 
sleeper  the  molten  ash  enters  the  brickwork,  the  more  severe 
will  be  the  action.  If  the  joints  of  the  settings  are  well 
l)rotected  \\ith  a  good  bond,  and  the  pores  and  minor  cracks 
in  the  firebrick  filled  with  a  refractory  cement  appUed  as  a 
wash  coating,  tlus  slagging  is  less  likely  to  occur. 

Clin^kering 

It  is  practically  impossible  to  prevent  clinkering,  but  it 
can  be  retarded  if  the  setting  is  made  as  smooth  as  possible. 
This  can  be  accomphshed  by  using  a  good  bonding  cement 
and  then  wash-coating  the  entii'e  setting  with  a  fine,  liigh 
temperatiu-e  cement  designed  for  tliis  purpose.  The  greatest 
trouble  occurs  in  removing  the  clinker.  Unless  the  fire 
liricks  are  strongly  bonded  together,  which  is  not  the  case 
when  fire  clay  is  used,  bricks  are  apt  to  be  pulled  out  with 
the  clinker.  When  parts  of  fire  brick  or  even  whole  bricks 
have  been  pulled  out  of  the  setting  with  the  clinker,  the  set- 
ting can  be  readily  patched  with  a  suitable  high  temperature 
cement. 


Arches 

A  great  deal  of  trouble  is  experienced  with  arches  where 
replacement  is  difficult.  Excess  expansion  or  contraction 
and  spawling  give  the  most  trouble.  Arches  bonded  with 
a  good  refractory  which  hold  the  brick  in  place,  cushion  the 
effect  of  expansion  and  contraction,  and  protect  the  brick 
from  spawling,  will  give  better  service.  Suspended  arches 
are  rather  expensive,  but  they  are  dependable,  and  separate 
bricks  which  have  failed  can  be  replaced  with  a  minimum  of 
time  and  cost. 

Ce.ments 

Whenever  possible  it  is  preferable  to  use  a  dry,  liigh 
temperature  cement  rather  than  a  plastic  cement,  not  only 
from  a  standpoint  of  economy,  for  plastic  cements  contain 
a  large  percentage  of  water,  but  also  because  of  greater 
satisfaction  in  the  results  obtained.  Plastic  cements  con- 
tain large  quantities  of  fluxes,  such  as  silicate  of  soda,  which 
increase  shrinkage  and  lower  the  fusion  point  of  the  cement. 
A  liigh-grade,  machine-im'xed,  dry,  refractory  cement  will 
prove  most  economical. 

When  preparing  dry  refractorj'  cements  for  use  as  a  bond 
between  the  brick,  sufficient  water  should  be  added  to  bring 
the  mixture  to  the  proper  mortar  consistency,  which  depends 
on  the  porosity  of  the  brick.  An  excess  of  water  should  be 
avoided,  and  the  mortar  should  be  thoroughly  mixed  and  free 
from  lumps.  The  mortar  should  be  battered  or  troweled 
on  the  brick  ah'eady  in  place,  the  brick  set  on  top  and  tapped 
until  the  joint  between  the  brick  is  about  '/is  inch  thick  and 
cement  squeezes  out  between  the  edges.  Instead  of  cutting 
off  tliis  cement  that  squeezes  out  between  the  brick,  it  should 
be  plastered  back  over  the  face  of  the  joint  and  brick  so  that 
it  protects  the  edges.  In  other  words  a  T-joint  construction 
is  recoimuended. 

When  using  refractory  cements  for  wash-coating,  the  ce- 
ment should  be  thoroughlj'  mixed  with  sufficient  water  to 
bring  it  to  a  thin  grout  consistency  and  then  apphed  to  the 
face  of  the  brickwork  with  a  stiff  brush  or  ijroom. 

In  treating  a  fii-e  box  with  a  plastei-  coating  of  a  super- 
refractory  cement  to  resist  spawling,  plastic  deformation, 
and  melting,  all  clinkers  and  loose  pieces  should  be  removed, 
glazed  surfaces  chipped  away,  and  sufficient  notches  cut  in 
the  wall  to  provide  a  ke}'  for  the  cement.  The  cement 
should  be  mixed  to  a  stiff  consistencj'  and  plastered  over  the 
setting  to  a  depth  of  from  '/<  to  V2  inch,  dependmg  on  the 
condition. 

One  refractory  cement  cannot  be  a  panacea  for  all  ills. 
Conditions  are  so  varied  and  requirements  of  a  refractory 
so  chversified  that  it  is  necessary  to  have  different  cements 
viith  different  properties.  Guesswork  or  haphazard  treat- 
ment of  refractory  cement  problems  will  mean  early  failure 
and  expense  that  could  be  avoided.  It  is  safer  to  realize 
the  importance  of  using  the  correct  material  in  the  correct 
manner  and  call  on  tke  refractory  manufactui-er  who  has 
trained  engineers  available  for  this  ser\'ice. 


Haniniermill  Paper  Company  Fellowships 

The  Hammertnill  Paper  Company  has  offered  a  fellowship 
to  Yale  University  for  the  purpose  of  developing  a  research  work 
on  cellulose  chemistry.  The  recipient  of  this  fellowship  is 
John  L.  Parsons,  and  he  will  work  under  Dr.  Hibbert  during  the 
coming  year. 

Another  fellowship  has  been  granted  to  the  New  York  State 
College  of  Forestry  to  aid  this  institution  in  the  development  of 
a  course  in  pulp  and  paper  manufacture.  Burton  L.  Kassing, 
who  graduated  this  summer,  will  work  for  another  year  under  the 
direction  of  Professors  Wise  and  Libby  on  some  fimdamental 
work  in  connection  with  pulp  and  paper  making. 
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The  Trend  of  Research  in  the  Nonferrous  Industry 


By  Paul  D.  Merica 

The  Internationai.  Nickki.  Co.,  New  York,  N.  Y. 


TO  AXYOX]']  f:iiuili;ir  with  the  iKuiferrous  iiuhistrics 
the  title  of  thi.s  article  w-ill  probably  appear  a  highly 
idealized  one.  In  the  fir.st  place,  the  components 
(if  this  industry — the  ahnninium,  tlie  copper,  the  zinc,  the 
white  metals,  the  nickel  and  cobalt,  the  brass  rolling  mill, 
the  brass  foundry,  the  die-casting  industries — are,  many 
I  if  them  at  least,  widely  separated  in  interests,  in  uses, 
and  in  production  methods,  and  it  appears  by  courtesy 
1  inly  that  we  thus  speak  of  a  nonferrous  industry. 

It  may  also  seem  difficult  at  first  thought  to  conceive  of 
this  composite  group,  each  one  of  whicli  is  actually  day  l:iy 
ihiy  ■RTestling  with  its  own.  peculiar  problems,  as  e.xliibiting 
.-uiy  definite  "trend  of  research"  activities  whatever.  The 
\n-m  seems  to  infer  a  greater  degree  of  group  consciousness 
ihan  actually  exists.  However,  curiously  enough,  some 
major  problems  do  appear  to  be  common , to  most  members 
of  the  industry  and  with  which  each  is  vitally  concerned, 
and  in  this  sense  such  a  trend  may  be  discerned;  it  is  perhaps 
a  statistical  and  not  a  conscious  one. 

It  is  pleasant  to  be  alile  to  record  the  fact  that  reseai'cli 
is  very  definitely  establishing  itself  to-day  in  i)ractically 
all  the  nonferrous  groups  as  a  major  element  of  industrial  or- 
ganizations. This  realization  maj'  well  be  regarded  as  the 
consummation  of  a  development  which  has  taken  place 
within  the  past  twenty  to  twenty-five  years — namely,  the 
gradual  assiun])tion  of  administrative  authority  by  men  of 
engineering  and  technical  training. 

Twenty-fi\'c  years  ago,  for  example,  the  greater  part  of  the 
copper  refining  in  this  country  was  done  on  the  Atlantic  sea- 
board, where  coal  and  coke  were  to  be  had.  The  operating  per- 
sonnel was  drawn  from  practical  Welsh  refiners,  who  at  that 
time  were  considered  to  know  everything  which  was  worth 
Ivnowing  about  the  art.  Copper  they  could  produce,  but  it  re- 
mained for  the  young  technical  graduates,  entirely  ignorant 
of  it  at  the  time,  actually  to  advance  the  art  of  copper  refining. 

The  influence  of  these  men  and  of  later  ones  like  them  is 
Iwing  felt  in  ever  increasing  strength;  their  word  to-day 
even  penetrates  to  boards  of  directors,  and,  if  I  hear  it  cor- 
rectly it  is  this:  You  cannot  continue  to  produce  your 
(metal)  products  to-day,  and — what  is  more  important — 
you  cannot  continue  to  sell  them  in  competition,  except 
you  have  more  and  still  more  accurate  information  con- 
cerning them. 

It  is  in  the  clearly  evident  response  to  this  call  throughout 
f  he  nonferrous  metal  industries  that  the  most  clearly  defined 
trend  within  them  is  seen.  Research  activity  is  here  to 
staj';  it  is  not  a  luxury,  it  is  recognized  to  be  a  necessity. 
Indi\'idual  companies  are  equipping  themselves  in  e^'eiy 
way  to  learn,  lioth  in  physical  and  in  human  eciuipment. 
The  amount  of  engineering  and  scientific  thought  now  aji- 
plied  to  these  industries  is  probably  fifty  times  as  great  as 
in  1900  and  ten  times  as  great  as  in  1912.  A  recent  survey 
revealed  the  fact  that  over  sixty  manufacturers  i^ithin 
the  nonferrous  industries  maintained  research  departments 
and  laboratories  in  1920,  in  addition  to  the  numerous  control 
and  operating  technical  personnel  attached  to  man}'  more 
smaller  companies,  principally  foundries. 

Parallel  wth  the  increased  use  of  accurate  thought  ami 
knowledge  in  these  industries  is  developing  also  the  increased 
use  of  new  and  better  tools  for  aiding  and  testing  production. 


a  few  years  ago  hardly  known  in  the  metal  trades.  The 
use  of  pjTometers  is  increasing  rapidly  in  aU  branches, 
.■IS  well  as  that  of  testing  instruments  of  all  sorts — partic- 
ularly, however,  the  microscope,  which  is,  after  all,  re- 
sjMnsible  for  some  of  the  impetus  which  has  been  given  to 
the  research  spirit  of  these  industries  in  the  past  twenty- 
five  years. 

Well-defined  standards  for  jiroducts  are  also  rapidl}'  making 
headway,  stimulated  liy  the  splendid  work  of  the  American 
Society  for  Testing  Materials'  and  other  technical  organiza- 
tions, as  well  as  standards  for  the  testing  of  those  products, 
such,  for  example,  as  the  well-known  standard  of  chemically 
analyzed  samples  of  nonferrous  (and  other)  metals  provided 
by  the  U.  S.  Bureau  of  Standards.  The  industry  refuses 
to  work  longer  in  the  old  darkness;  the  light  is  being  let  in. 

Finally,  still  another  indication  of  the  new  research  spirit 
in  the  industr.y  is  the  increasing  willingness  and  even  desire 
on  the  part  of  individual  companies  to  exchange  information 
with  others  and  even  to  undertake  cooperative  research 
work  such  as  that  of  the  Copper  and  Brass  Research  Associa- 
tion and  of  the  American  Society  for  Testing  Materials. 

Granted  now  the  remarkable  mental  growth  within  the 
industry  and  its  new  actiA'ity  in  research,  what  are  some  of 
its  features? 

The  Cokuosuix  Puobi.em 

With  the  exception  of  electrical  copper,  the  light  metals 
and  alloys,  and  those  used  for  bearings  and  solders,  metals 
antl  alloys  other  than  those  with  an  iron  base  are  used  in 
the  arts  to-day,  as  always,  because  of  their  greater  resistance 
to  corrosion.  If  there  is  anj'  positive  term  with  wliich  we 
might  properly  name  the  nonferrous  metals,  it  would  be 
"corrosion-resistant"  metals.  As  this  is  their  rawon  d'etre, 
commercially  speaking,  it  is  naturally  the  chief  concern  of 
most  of  the  producers  and  users  of  nonferrous  metals. 

The  demands  made  upon  metals  in  regard  to  their  resis- 
tance to  corrosion  are  more  and  more  severe,  particularly 
those  of  our  expanding  chemical  and  allied  industries,  which 
are  demanding  alloys  for  pii^es,  vessels,  autoclaves,  valves, 
etc.,  to  withstand  the  action  of  the  many  chemicals  with 
which  they  deal,  and  under  severe  conditions  of  temiserature, 
pressure,  velocity  of  flow,  etc.  The  development  of  these 
industries  depends  in  a  large  measure  on  the  success  with 
which  these  demands  are  met,  and  with  this  in  view  the 
American  Chemical  Society  at  its  recent  New  Haven 
meeting  held  a  sjanposium  on  the  subject  of  materials  for 
the  construction  of  chemical  eciuipment. 

Users  of  metals  are  evincing  a  more  critical  attitude  toward 
their  use;  they  are  more  willing  to  consider  the  installation, 
in  place  of  iron  and  steel,  of  the  more  expensive,  luit  more 
durable  nonferrous  metals,  such  as  for  roofs  and  plumbing, 
liecause  of  the  rising  lalior  costs  of  repairs  and  renewals. 
Tlie  Copper  and  Brass  Hesearch  Association  is  doing  mui'h 
A-aluable  educational  work  in  demonstrating  the  economies 
which  may  result  from  the  adoption  of  nonferrous  materials. 
Consumers  are,  how^ever,  in  many  cases  reverting  to  the 
cheaper  steel  and  protecting  it  by  various  coatings. 

1  The  nonferrous  industries  working  within  this  society  have  pro\-ifled 
iibout  forty  standard  specifications  for  its  products. 
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Perhaps  the  noise  of  the  exertions  of  the  steel  industry 
in  producing  "stainless"  and  "resist-all"  steels  has  created 
an  alarm  within  the  industrj''  and  a  fear  that  unless  some- 
thing is  done,  their  cheaper  cousin,  steel,  will  supplant  the 
nonferrpus  base  metals  for  spoons  and  pots  and  plumbing 
as  it  once  did  centuries  ago  for  axes  and  hatchets.  Certainly 
competition,  both  within  and  without  the  industry,  is  having 
a  good  deal  to  do  with  the  recent  accession  of  interest  in 
this  subject.  Consumers  ask  more  questions  and  have 
more  exacting  requirements  to-day  than  ever  before.  They 
wish  to  cease  guessing;  they  want  to  know. 

Along  these  lines  each  nonferrous  group  is  active,  but  a 
much  more  striking  evidence  of  the  value  the  industry  attrib- 
utes to  this  problem  is  the  existence  of  a  number  of  coopera- 
tive research  groups  devoting  their  time  to  it.  The  British 
Institute  of  Metals  has  for  a  number  of  years  maintained 
an  active  Corrosion  Research  Committee,  which  has  pre- 
sented six  very  useful  reports.  More  recently  in  this  coimtry 
a  similar  committee  has  been  organized  under  the  auspices 
of  the  National  Research  Council,  and  will  devote  its  energies 
primarih'  to  the  elucidation  of  the  fundamental  factors  and 
the  mechanism  of  corrosion.  At  the  same  time  a  committee 
(B-3)  of  the  American  Society  for  Testing  Materials,  and 
committees  of  the  American  Institute  of  Chemical  Engineers 
and  of  the  American  Foundrymen's  Association,  have  been 
formed  to  give  consideration  to  the  proper  methods  for 
corrosion-resistance  testing  of  nonferrous  metals. 

It  seems  safe  to  predict  that  our  knowledge  of  corrosion 
and  our  practice  of  studj'ing  it  will  in  the  course  of  five  or 
ten  years  be  greatly  advanced,  and  it  may  be  possible  at 
some  future  time  for  engineers  to  predict  the  course  and 
extent  of  corrosion  witia  the  accuracy  and  confidence  com- 
parable Tvith  that  with  which  they  design  structures  to 
resist  mechanical  stresses. 

Mention  might  be  made  of  the  very  Uluminating  scrutiny 
to  which  the  various  theories  of  corrosion  are  being  sub- 
jected, particularly  the  electrolytic  one  and  what  may  be 
called  the  chemical  or  o.xygen  theory.  There  are  two  rather 
positive  schools  of  thought  on  this  subject  just  now  and  the 
clarifjdng  results  of  their  strenuous  discussions  can  readily 
be  foreseen. 

What  Is  to  Be  Done  with  Scrap 

The  problem  of  the  disposition  of  its  alloys  and  scrap  is 
an  intimate  one  with  every  user  and  producer  of  metals, 
and  each  manufactm'er  is  meeting  it  as  best  he  can — there 
being  little  evidence  as  j'et  of  concerted  action  toward  general 
solution  of  the  problem.  Naturally,  it  grows  worse  each 
year  instead  of  better,  since  a  portion  of  each  ton  of  new 
metal  sold  comes  ultimately  on  the  market  as  scrap  and  must 
be  taken  care  of.  No  statistics  are  available,  except  during 
the  war  and  post-war  periods  in  which  conditions  were 
unsettled,  but  the  ratio  of  new  metal  to  old  used  in  producing 
nonferrous  mill  ingots  and  sand  castings  is  steadily  decreas- 
ing, just  as  the  ratio  of  pig  iron  to  steel  produced  is  de- 
creasing year  by  year.  The  complete  solution  of  tliis  prob- 
lem will  lie  in  many  directions.  Two  of  its  prominent  aspects 
which  will  well  illustrate  its  nature  are — the  steady  accumula- 
tion of  impurities  on  repeated  re-melting  and  re-working, 
and  the  difficulty  of  positively  identifying  without  chemically 
analyzing  each  piece  of  scrap. 

Considering  the  first  item  in  the  light  of  a  well-known 
thermodynamic  principle,  the  summation  of  the  operations 
of  industry  in  bujing  and  seUing  would  ultimately  result 
in  the  degradation  of  aU  metals  mto  one  form  of  alloy  con- 
taining everj'thing  (!),  were  it  not  for  the  scrap  dealers,  the 
"Ma.xwell  demons"  in  the  industry  who  exert  themseh-es  to 
keep  certain  alloys  well  separated  throughout  their  course  and 
returned  to  the  producer  for  re-melting,  practically  intact, 


and  the  secondary'  metal  refiners  who  separate  other  scrap 
alloys  into  their  constituents  and  thus  tend  to  maintain 
the  "entropy"  of  the  industrial  alloy  system  ■within  bounds. 

The  refining  of  scrap  into  secondary  metal  of  value  is 
probably  still  in  its  infancy.  It  requires  a  different  technic 
than  that  of  the  separation  of  metals  from  ores,  and  although 
there  are  now  being  carried  out  a  number  of  operations  of 
this  sort,  the  volume  of  this  secondary  metal  business  must 
constantly  increase  and  its  character  change  and  increase 
in  complexity  and  refinement. 

At  present  only  the  principal  metal  values  are  often  ob- 
tained, such  as  in  the  recovery  of  pig  copper  from  brass,  with 
considerable  loss  of  minor  but  valuable  metals.  Or  small 
amounts  of  the  secondary  elements  are  left  which  depreciate 
in  value  of  the  base  metal,  such  as  is  generally  the  case  in 
the  brass  foundry,  secondary  metal  industry — for  example, 
secondary  yellow  brass  ingot  may  contain  small  amounts  of 
aluminium. 

This  indicates  another  line  of  partial  solution  of  the  second- 
ary metal  problem,  and  one  to  which  active  effort  is  being 
given  just  now  in  many  plants — that  is,  the  acquisition  of 
more  exact  knowledge  of  the  maximum  amounts  of  im- 
purities which  may  practically  be  harmless  in  different  alloj's 
and  metals.  Although  in  many  cases  the  evil  reputation 
wliich  certain  impiu'ities  enjoy — such,  for  example,  as  alu- 
minium in  red  brass,  antimony  in  copper,  tin  in  aluminium — • 
is  well  justified  and  often  structm-ally  understood,  in  many 
others  it  rests  partly  on  tradition.  For  example,  in  the  early 
days  of  aluminium  bronze  it  was  considered  absolutely 
necessary  to  keep  iron  out  of  the  metal;  subsequentlj',  it 
was  shov\Ti  that  iron  in  even  greater  amounts  actually  bene- 
fited it  and  is  used  generally  for  that  purpose  to-day. 

Considerable  research  is  being  carried  out  by  individual 
companies  as  well  as  by  cooperative  groups  in  an  effort  to 
estabUsh  more  accm'ate  and  fundamental  understanding 
of  the  effects  of  usual  impurities  in  metals  and  alloys,  with 
the  idea  both  of  real  protection  to  the  users  of  such  materials 
in  the  case  of  actually  harmful  impurities  and  of  eliminating 
unnecessary  restrictions  of  chemical  composition  in  specifica- 
tions for  elements  which  are  demonstrated  to  have  little  or 
no  harmful  effects  within  wider  limits  than  are  now  accepted. 
Although  many  are  tliinking  and  working  along  these  lines, 
the  w^ork  of  the  Naval  Gun  Factory  of  the  Washington 
Navy  Yard  on  manganese  bronze  deserves  special  mention. 

The  scrap  metal  itself,  particularly  around  foundries, 
before  remelting  into  secondarj'  ingot  metal  could  be  handled 
much  more  efficiently  were  there  quick  methods  available 
for  identifying  the  individual  pieces.  Thus,  if  the  amount 
of  iron  or  of  aluminium  in  brass  scrap  could  be  determined 
in  a  few  seconds,  pieces  having  excess  amounts  could  be  sep- 
arated and  the  quality  of  the  secondary  metal  produced 
greatly  enhanced.  A  start  has  been  made  along  this  line 
in  studies  of  the  availabDity  of  the  magnetic  method  (for 
iron)  and  the  spectroscopic  method  for  the  identification 
of  small  amounts  of  different  impurities.  The  Bureau  of 
Standards  and  the  American  Brass  Company  have  done  some 
pioneer  work  in  this  direction. 

It  is  interesting  to  consider  what  will  be  the  aspects  of 
the  metallurgical  industries  when  the  source  of  all  metals 
and  alloys  is  the  scrap  pUe.  Certainly,  a  new  metallurgy 
of  metal  refining  must  be  born. 

Chemistry  of  Metals  .\t  High  Temperature 

Unfortunately,  practically  all  we  know  about  the  chemistry 
of  metals  is  vahd  only  within  narrow  and  low  temperature 
ranges;  what  happens  at  temperatures  at  which  metals  are 
melted  and  east,  at  temperatures  at  wiiich  they  are  hot- 
worked,  and  at  temperatiu'es  to  wiiich  they  are  often  sub- 
jected in  service,  is  known  onh*  in  barest  outline.     All  metals 
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normally  contain  small  amounts  of  oxides,  sulfides,  and 
gases — particularly  hydrogen,  carbon  monoxide,  sulfur  di- 
oxide— as  well  as  in  many  cases,  arsenides,  nitrides,  carbides, 
etc.,  in  addition  to  their  metaUic  impurities.  The  former 
are  either  present  in  the  original  metals  or,  oftener,  absorbed 
from  the  refractories  or  slags  in  the  melting  furnace  or  from 
the  fuel  gases  or  furnace  atmosphere. 

All  these  impurities  may  exercise  a  profound  effect  on  the 
course  of  manufacture  of  the  metals  and  on  their  properties 
in  the  finished  form,  and  many  are  known  to  do  so,  but 
unfortunately  that  knowledge  is  very  meager.  It  can 
generally  be  expressed  in  some  such  manner  as  this:  "The 
bronze  was  brittle  because  it  was  oxidized,"  or  "Alumin- 
ium is  very  sensitive  to  the  absorption  of  gases  during 
melting." 

Many  individuals  are  beginning  to  realize  the  necessity 
of  obtaining  precise  knowledge  along  these  lines  of  it  and 
are  trying  to  attack  the  problem  as  best  they  can.  More 
has  been  said  and  done  on  the  gas  absorption  problem  than 
on  any  of  the  other  features  of  this  subject,  since  the  pro- 
duction of  sound  and  dense  castings  and  ingots  is  almost  a 
sine  qua  non  of  the  manufacturing  nonferrous  industry. 
The  whole  subject  is,  however,  a  difficult  one  and  will  re- 
quire the  development  of  a  new  investigative  technic,  but 
it  is  nevertheless  extremely  important.  Exact  knowledge 
of  the  chemical  relations  between  the  metals  and  the  impuri- 
ties to  which  they  are  subjected  during  manufacturing  and 
refining  must  be  the  basis  for  economical  operation  of  mill 
and  foundry;  rejections  of  off -heats  and  defective  castings 
will  be  ehminated  when  these  matters  are  better  under- 
stood. Furthermore,  such  knowledge  must  be  the  basis 
for  the  broad  development  of  the  secondary  metal  industry 
which  was  forecast  above.  Pure  metals  may  be  dealt  with 
in  some  ignorance,  but  impure  ones  require  knowledge  and 
care  both  in  their  preparation  and  in  their  use.  Complete 
knowledge  of  slag  and  gas  reactions  with  metals  at  high 
temperatures  will  permit  of  their  refiaement  and  separation 
from  undesii'able  impurities. 

New   Industrial   Uses   for   Nonferrous 
Metals   and  Alloys 

The  business  depressions  following  the  war  have  stimulated 
development  work  in  each  group  to  an  unusual  degree  look- 
ing toward  the  increased  commercial  application  of  its  prod- 
ucts, and  many  concerns  have  actually  organized  products- 
development  departments  with  engineering  and  scientific 
personnel.  The  copper  producers  have  gone  still  farther 
and  have  initiated  cooperative  development  work  through 
the  instrumentality  of  the  Copper  and  Brass  Research  Associa- 
tion. 

Most  of  tliis  work  is  intimately  connected  with,  and  indeed 
based  upon,  research  work,  of  which  the  results  are  contin- 
ually yielding  information  as  to  new  products  with  valuable 
properties  and  new  apphcations  of  newly  discovered  valuable 
properties  of  old  materials.  Much  of  this  material  is  in 
tlirect  response  to  the  more  and  more  diversified  and  severe 
requirements  of  the  metal  users,  each  requiring  a  material 
for  a  special  purpose  and  to  meet  new  and  exacting  con- 
ditions. It  is  going  on  in  all  the  nonferrous  groups,  but 
perhaps  it  is  most  active  in  the  aluminium,  magnesium, 
nickel,  and  zinc  groups;  the  producers  of  some  of  the  rare 
metals  have  also  been  active — for  example,  metallic  tantalum 
has  recently  been  the  subject  of  development. 

This  development  and  research  activity  represents  a  common 
purpose  but  hardly  a  trend,  unless  we  reahze  with  satisfaction 
the  general  value  to  aU  industries  of  the  mass  of  practical 
and  useful  information  which  is  daily  being  secured  in  the 
effort. 


Fabrication  of  Metals  and  Alloys 

Few,  perhaps,  reahze  the  study  and  effort  necessary  to 
produce  a  new  product  and  to  fit  it  for  industrial  utilization. 
It  is  not  enough  to  discover  and  market  a  new  alloy  of  useful 
properties;  if  it  is  to  enjoy  any  general  use,  methods  must 
be  developed  by  which  it  may  be  fabricated  into  the  various 
forms  desired.  This  often  requires  more  time  and  effort 
than  the  discovery  of  the  product  itself — and,  conversely, 
a  new  product  is  valuable  somewhat  in  proportion  as  the 
methods  of  its  fabrication  are  generally  known  and  under- 
stood. 

The  details  of  various  developments  along  these  lines — 
machining,  welding,  forging,  drawing,  spinning,  casting,  etc. — 
would  be  of  little  interest  here.  Two  developments  of  this 
sort,  however,  seem  to  be  increasing  in  favor  and  usefulness. 
One  is  the  development  of  the  centrifugal  casting  of  metals, 
particularly  of  tube  and  ring  forms,  wiiich  seems  to  offer 
much  promise  both  in  economy  of  cost  and  increase  of  quality. 
The  other  is  not  very  new — the  increased  use  of  chill  molds 
in  the  production  of  castings  which  have  to  be  duplicated 
a  large  number  of  times,  and  in  particular  the  increased  use 
of  pressure  die  castings. 

Chill  castings  are  now  being  produced  in  brass  and  bronze 
and  pressure  die  castings  of  intricate  form  in  lead,  tin,  zinc, 
and  aluminium  base  alloys.  Only  the  lack  of  a  satisfactory 
mold  material  prevents  the  possibUity  of  producing  pressure 
die  castings  in  brass  and  bronze  which  could  thus  be  cast 
to  size  and  require  Uttle  or  no  macliining. 

Conclusions 

Out  of  the  mass  of  research  work  now  in  progress  in  the 
nonferrous  industries  have  been  selected  those  features 
which  appear  to  be  the  most  fundamental  and  to  have  the 
greatest  permanent  significance  for  the  industry.  Extremely 
valuable  and  interesting  work  along  more  special  lines,  such 
as  fundamental  studies  of  the  structure  of  metals  and  alloys 
by  microscope  and  X-ray,  the  production  of  corrosion-resis- 
tant coatings  by  new  and  old  methods,  the  study  and  diagno- 
sis of  the  many  curious  so-called  "diseases"  to  which  some 
alloys  are  subject,  the  development  of  the  use  of  the  electric 
furnace  in  both  the  rolling  mill  and  the  brass  foundry,  the 
cooperative  research  initiated  by  the  Engineermg  Division 
of  the  National  Research  Council,  and  the  American 
Foundiymen's  Association  on  the  use  and  reclamation  of 
foundry  sands,  have  necessarily  been  neglected. 

What  has  been  said  will  at  least  illustrate  the  direction 
of  research  in  the  nonferrous  industries,  as  far  as  its  objects 
and  purposes  are  concerned.  As  to  its  method,  which  is  of 
vastly  greater  ultimate  importance,  enough  has  been  said 
to  demonstrate  that  within  these  industries,  as  elsewhere, 
not  only  is  increasing  effort  being  put  on  the  solution  of 
the  daily  engineering  problems,  but  the  volume  of  funda- 
mental research  is  growing  also;  research  activity  is  growing, 
not  only  in  volume,  but  in  depth  and  self-consciousness. 


New  Motor  Fuel 


The  Australian  commonwealth  government  is  manifesting 
great  interest  in  experiments  with  eucalyptus  oil  as  a  motor 
fuel.  C.  M.  Dyer  is  said  to  have  demonstrated  that  it  can 
be  used  in  petrol  engines,  with  efficient  means  of  vapor- 
ization. The  only  difficulty  he  has  encountered  is  that  it  will 
not  start  an  engine  from  cold  without  priming,  but  its  calorific 
value  is  high.  Tests  made  with  cheap  cars  showed  24  miles 
to  the  gallon  with  gasoline;  28  miles  with  half  gasoline  and  half 
eucalyptus  oil ;  and  36  miles  on  eucalyptus  oil  alone.  Eucalyptus 
oil  mixes  with  gasoline,  benzene,  and  alcohol,  and  acts  as  a  de- 
carbonizing agent.  The  main  difficulty  of  manufacture  on  an 
extensive  scale  would  be  in  securing  laborers  to  gather  the  leaves. 
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The  Application  of  Research  to  Plant  Problems  in  the 

Ceramic  Industry 


By  Percy  C.  Kingsbury 


Gknerai,  Ceram:cs  Co.,  .W  Ch 


Ni:w  VciKK,  N.  V. 


THERE  is  nothing  spectacular  about  the  manufacture 
of  clay  products,  no  vast  fortunes  have  been  made 
in  the  ceramic  industry,  and  there  are  few  aspects 
that  attract  more  than  the  casual  interest  of  the  "man  in 
the  street."  It  is  therefore  not  surprising  that  the  im- 
portance of  this  industry  is  seldom  realized 
even  by  those  who  are  engaged  in  it, 
and  a  short  survey  may  be  permitted. 

Strictly  speaking,  the  ceramic  indus- 
try comprises  only  the  manufacture  of 
ware  from  burned  claj',  which  may  be 
classified  according  to  its  applications 
as  follows ; 

Building  Purposes.  Building  brick,  pav- 
ing brick,  hollow  tile,  sewer  pipe,  roofing 
tile,  terra  cotta,  sanitary  ware,  floor  tile, 
wall  tile,  drain  tile. 

Industrial  Purposes.  Fire  brick,  fire- 
clay shapes,  chemical  stoneware,  chemical 
porcelain,  electrical  porcelain,  spark  plugs, 
conduits. 

Domestic  and  Art  Purposes.  Stoneware, 
china,    porcelain,  faience. 

This  classification  covers  only  clay 
products,  but  the  ceramic  industry  is 
now  usually  considered  to  cover  the 
manufacture   of   special   brick  made   of  Percy  c 

siUca,     magnesite,    carborundum,    etc.; 
abrasives  like  emery  or  carborundum  in  the  form  of  wheels, 
blocks   or  gram;  glass,  cement,  and  lime  products;   fused 
silica  ware  and  enamels  for  iron  and  steel. 

From  this  broader  point  of  view  the  manufacture  of  ceramic 
products  is  one  of  the  most  important  industries  in  this 
country,  with  a  production  exceeding  in  value  one  billion 
dollars  per  year. 

In  common  \ni\\  most  American  industries,  the  ceramic 
industry  is  handicapped  by  lack  of  research  work  on  the 
various  problems  that  the  manufacturer  has  to  meet,  and 
the  object  of  this  paper  is  to  indicate  the  institutions  that 
are  carrying  on  research  in  this  field  and  to  suggest  how  these 


in  the  ceramic  industry  have  their  own  research  departments. 
The  work  of  the  latter  is,  however,  not  generally  available 
to  the  industry,  except  in  so  far  as  their  work  is  made  public 
through  publication  in  technical  journals. 

A  few  special  tiranches  of  this  industry  operate  their  own 
i-esearch  departments,  of  which  the  Na- 
tional Lime  Association  is  an  example. 
In  addition  to  these  facilities  every  in- 
stitution doing  general  research  work  is 
naturally  engaged  in  ceramic  problems 
from  time  to  time. 

No  better  object  lesson  of  the  value 
(if  research  to  the  ceramic  industry  coukl 
be  found  than  an  examination  of  the 
wonderful  results  achieved  by  the  re- 
search departments  of  these  histitutions 
(luring  the  war. 

The  demand  of  the  United  States 
(lovernment  for  American-made  mate- 
rials for  the  prosecution  of  the  war  was 
imperative  and  in  some  cases  almost 
frantic,  and  we  then  perhaps  for  the 
first  time  came  to  a  realization  of  the  ex- 
tent of  our  reliance  upon  Europe,  and 
more  particularly  Germany,  for  our  ce- 
ramic products. 

Spark  plugs  of  superior  quaUty,  lenses 
iNcsiii  Rv  for   telescopes,   field    glasses   and  scien- 

tific instruments,  chemical  glassware  and 
porcelain  arc  a  few  important  products  for  which  we  were 
for  all  practical  purposes  dependent  upon  Germanj-.  The 
efforts  of  our  ceramic  research  departments  in  meeting  these 
demands  were  so  successful  that  in  some  instances,  of  which 
chemical  glassware  is  perhaps  the  most  conspicuous  example, 
the  domestic  product  is  now  superior  to  the  imported,  and 
many  new  and  important  industries  have  thus  been  perma- 
nently established  in  this  country. 

Although  the  results  achieved  with  our  present  faciUties 
for  ceramic  research  have  been  remarkable,  they  are  very 
far  from  adequate  to  the  needs  of  this  industry.  Let  us 
therefore  see  how  these  facilities  are  now  lieing  utilized  and 


facilities  can  be  utilized  to  the  best  advantage  to  the  industry,      what  can  be  done  to  develop  them. 
Institutions  Doing  Rese.\rch  in  Cer.\mics 

At  the  present  time  there  are  two  government  institutions 
operating  ceramic  research  departments — the  Bureau  of 
Standards  at  Washington,  D.  C;  and  the  Bureau  of  Mines 
at  Columbus,  Ohio,  and  New  Brunswick,  N.  J. 

There  are  five  state  educational  institutions  offering  a 
course  in  ceramics.  These  are:  Rutgers  College  at  New 
Brunswick,  N.  J.;  Alfred  University  at  Alfred,  N.  Y.;  Ohio 
State  University  at  Columbus,  Ohio;  the  University  of 
Illinois  at  Ufbana,  III.;  Ames  University  at  Ames,  Iowa; 
and  another  is  proposed  for  the  Georgia  School  of  Teclmologj-, 
Atlanta,  Ga. 

Fellowships  at  the  Mellon  Institute  of  Industrial  Re- 
search have  been  endowed  for  the  study  of  enamel,  refrac- 
tories, and  vitrified  tile,  and  several  of  the  large  corporations 


Kinds  of  Rese.\rch 

Research  as  api)lied  to  the  ceramic  industry  may  be  roughly 
classified  thus: 

(1)  Investigation  of  characteristics  of  raw  materials  and 
finished   products. 

(2)  Purely   academic   research. 

(3)  Research  applied  to  specific  problems  in  the  plant  either 
to  improve  the  product  or  reduce  cost  of  manufacture,  and 
investigation  of  the  application  of  the  product  to  the  reciuire- 
ments  of  the  market. 

(1)  The  physical  constants  of  raw  materials  and  fuiished 
products  are  slowly  bemg  evaluated.  Tiicse  are  the  foimda- 
tion  of  all  research  and  without  them  no  useful  work  can 
be  carried  out.  These  data,  compiled  by  the  National 
Research    Council,    if    not   yet    entirel.v    adequate    to    the 
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needs  of  the  industry,  are  a  most  valuable  contribution  to 
them. 

This  is  properly  a  fiuiction  of  the  government  institutions 
devoted  to  industrial  research  as  the  benefits  derived  accrue 
to  the  entii-e  industry  and  the  work  has  a  direct  bearing 
on  the  utilization  of  national  resources. 

(2)  A  considerable  amount  of  the  research  work  that  {.■< 
carried  out  is  piu'ely  academic  in  character.  This  is  and 
can  perhaps  best  be  carried  out  by  the  large  universities. 
by  private  individuals,  and  by  the  research  departments  of 
large  corporations  which  have  the  necessary  resources  and 
]5ersonnel  and  the  vision  to  reahze  that  this  class  of  work 
is  not  only  the  most  interesting,  but  also  the  most  profitable 
in  the  long  run. 

As  a  rule  these  two  classes  of  work  have  no  immediate 
bearing  on  problems  in  the  plant.  We  are  therefore  only 
indirectly  concerned  with  them  at  tliis  time,  but  it  should  be 
borne  in  mhid  that  they  are  of  the  most  vital  importance  to 
the  industry. 

(3)  Problems  arising  in  the  plant  and  in  the  marketing 
of  the  product  can  in  almost  all  cases  best  be  attacked  by 
methodical  experiment.  Unfortunately,  however,  it  is  still 
the  rule  rather  than  the  exception  for  such  problems  to  be 
approached  by  trj-iiig  haphazard  "hunches"  in  the  hope  of 
making  a  lucky  guess.  The  money  wasted  in  these  inva- 
riably futile  efforts  is  in  most  cases  much  more  than  would  be 
required  to  conduct  an  investigation  that  would  not  only 
solve  the  specific  problem  under  consideration,  but  would 
also  estabUsh  principles  for  the  solution  of  all  problems  of  a 
similar  natiu^e. 

The  research  facilities  available  for  handling  such  problems 
are  inadequate,  but  what  is  of  still  more  importance,  the 
present  facOities  are  neither  fully  utilized  nor  appreciated 
l)y  the  industry.  One  reason  for  this  is  that  we  are  trying 
to  "sell"  to  the  wrong  people  the  advantages  of  research 
to  the  ceramic  industry.  The  technical  man  to  whom  such 
appeals  are  ordinarily  addressed  is  already  convinced.  It  is 
to  the  nouteclniical  executive  that  these  advantages  must 
be  presented.  Manj-  of  these  executives  think  they  have 
taken  full  advantage  of  all  that  scientific  investigation  has 
to  offer  towards  the  solution  of  their  problems  when  they 
have  hired  a  chemistry  graduate  for  S30  per  week  who  is 
expected  to  find  an  immediate  explanation  for  all  the  various 
difficulties  that  arise  m  the  plant.  When  these  results  are 
not  forthcoming  they  are  more  than  ever  convinced  of  the 
futility  of  attacking  plant  problems  in  this  way. 

This  type  of  executive  is  passing,  but  he  still  controls  a 
majority  of  the  smaller  plants  in  the  country,  and  an  entirely 
new  attitude  of  mind  on  his  part  towards  research  as  applied 
to  plant  problems  must  therefore  be  cultivated. 

This  can  best  be  done  by  using  an  avenue  of  approach 
with  wliich  he  is  familiar.  Research  service  should  be 
offered  him  as  a  frankly  commercial  proposition  and  sold 
just  as  advertising  service,  investment  service,  or  insurance 
is  sold — that  is,  by  personal  solicitation  and  popular  ad- 
vertising. 

We  have  in  the  Mellon  Institute  of  Industrial  Research 
an  excellent  model  of  the  type  of  institution  required  for 
furnishing  this  service.  The  work  of  the  Mellon  Institute 
is,  however,  intended  in  general  for  interpretation  by  tech- 
nical men,  whereas  the  institution  we  are  considering  would 
have  the  more  difficult  problem  of  presenting  the  results  of 
its  investigations  so  as  to  be  intelligible  to  those  who  may  be 
presumed  to  have  a  thorough  practical  knowledge  of  the 
industry,  but  otherwise  no  special  scientific  training. 

It  is  perhaps  hardly  proper  to  dignify  as  "research"  much 
of  the  work  that  this  institution  would  be  called  upon  to  do. 
It  is  reasonable  to  expect  that  most  of  the  problems  that 


would  be  presented  to  it  could  be  solved  promptly  by  a 
reference  to  technical  literature  or  by  the  application  of 
known  physical  or  chemical  principles.  Such  experimental 
work  as  might  be  required  would  seldom  tax  the  resources 
of  a  well-equipped  physical  and  chemical  laboratorj'. 

The  cost  of  operating  such  an  institution  need  not  there- 
fore be  excessi^'e — in  fact,  the  cost  of  seUing  this  senice 
is  likely  to  be  the  more  important  item  of  expense. 

In  order  for  the  service  to  be  effective  it  will  frequently  he 
necessary  for  the  institution  to  have  access  to  the  plant  and 
operating  data  of  the  chent,  who  would  therefore  have  to 
be  convinced  of  the  ethical  standards  of  those  entrusted  with 
the  work.  This  could  best  be  done  by  placing  the  institution 
under  the  control  of  the  universities  or  technical  schools 
in  much  the  same  way  as  the  Mellon  Institute  is  associated 
with  the  University  of  Pittsburgh. 

There  is  an  adeciuate  supply  of  young  technical  men 
capable  of  handling  under  proper  supervision  such  problems 
as  might  be  presented  to  this  institution,  and  another  t.vjje 
of  man -could  be  trained  without  much  difficulty  to  present 
this  service  to  the  industry  in  a  tactful  and  dignified  way. 

The  success  of  the  enterprise  would,  however,  depend  almost 
entirely  on  the  personality  of  the  director.  He  would  haxe 
to  be  a  man  of  broad  scientific  attainments  and  at  the  same 
time  of  much  experience  in  the  industrial  field,  capable  of 
seeing  a  problem  from  the  viewpoint  of  the  worker  in  the 
plant  and  of  discussing  it  from  the  same  viewpomt. 

At  the  present  time  if  the  executive  of  the  small  plant  that 
is  without  a  technical  staff  is  interested  to  know  how  scien- 
tific research  can  help  in  the  solution  of  his  plant  problems, 
he  has  to  hunt  for  the  information  himself,  and  if  he  is  not 
interested  no  special  effort  is  made  to  attract  his  attention 
in  this  direction.  By  the  estabhshment  of  the  facilities 
we  have  been  considering  the  advantages  of  closer  coopera- 
tion with  the  technical  man  would  be  placed  directly  before 
him  in  a  way  that  w-ould  compel  his  serious  consideration 
and  the  technical  man  and  he  W'ould  be  brought  into  personal 
contact  on  a  plane  of  mutual  interest. 

This  will  go  a  long  way  towards  breaking  down,  on  one 
hand,  the  supercilious  attitude  of  the  young  technical  man 
towards  the  business  man  who  does  not  think  as  he  does, 
and,  on  the  other  hand,  the  impatient  intolerance  of  the  non- 
technical executive  with  the  assumed  lack  of  busmess  acu- 
men of  the  former. 

The  foregomg  observations  have  been  made  with  particular 
reference  to  the  ceramic  industry  because  that  industry 
would  perhaps  benefit  more  than  any  other  by  a  closer 
cooperation  between  the  technical  man  and  the  executi^'e 
in  the  plant.  Most  of  these  remarks  are,  however,  obviously 
applicable  to  other  industries,  and  there  is  no  good  reason 
why  an  institution  as  outUned  should  confine  its  activities 
in  one  particular  groove. 


New  Oil  Cracking  Plant 

At  the  present  time  a  number  of  processes  for  the  manufacture 
of  motor  spirit  from  heavier  oils  are  being  discussed.  These  hail 
chiefly  from  Germany,  and  some  remarkable  results  are  reported. 
It  is  understood  that  one  of  these  processes  will  be  exploited  in 
a  new  plant  to  be  erected  at  Chester,  by  the  Anglo-Scottish 
Finance  Corporation,  Ltd.  The  process  to  be  adopted  there  is 
the  discovery  of  a  German  chemist.  Dr.  Wolf,  who  has  stated 
that  there  is  no  specific  influence  of  hydrogen  in  the  Bergius 
process. 

The  new  process  is  reported  to  be  something  quite  different 
from  the  ordinary  cracking  methods,  and  is  described  as  a  split- 
ting process  which  takes  place  under  much  less  drastic  conditions 
than  those  usually  employed.  Yields  of  up  to  70  per  cent  are 
claimed,  and  it  is  understood  that  the  process  was  most  thor- 
oughly investigated  in  a  semilarge-scale  installation  before  the 
scheme  of  manufacture  was  embarked  upon  in  this  country. 
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Chemistry  in  the  Cereal  Industries 

By  C.  H.  Bailey 

Minnesota  Agricultural  Experiment  Station.  St.  Paul,  Minn. 


CEREAL  chemistry  has  not  onb-  attracted  a  con- 
stantly increasing  number  of  devotees  during  the 
past  decade  or  two,  but  has  constituted  a  profitable 
research  field.  The  milling  industry,  like  many  other  in- 
dustries, has  recently  found  the  chemical  laboratory  a  worth- 
while adjunct  to  the  plant.  Cereal 
breeders  have  utilized  the  services  of 
chemists  and  flour-testers  in  developing 
and  propagating  new  wheat  and  other 
cereal  varieties.  More  recently,  bread, 
cracker,  macaroni,  and  cereal  food  manu- 
facturers have  employed  chemical  meth- 
ods in  developing  their  processes  and  in 
connection  with  purchase  of  raw  mate- 
rials. 

Keen  interest  in  the  problems  of  these 
various  branches  of  the  industry  has 
naturally  inspn-ed  the  research  chemist 
to  work  in  this  field.  Thus,  the  prin- 
cipal interest  of  the  chemical  departments 
of  several  state  agricultural  experiment 
stations  has,  at  times  during  this  period, 
been  attracted  to  cereal  problems.  A'a- 
rious  bureaus  of  the  "U.  S.  Department 
of  Agriculture  have  likewise  contributed 
in  large  measure  to  the  acquisition  of 
useful  knowledge.  An  extensive  litera- 
ture of  the  subject  accordingly  exists  in 
the  files  of  government  and  state  experi- 
ment station  bulletins.  Added  to  this 
is  the  rather  'widely  scattered  literature  in  the  form  of  jour- 
nal articles,  contributed  from  the  laboratories  mentioned, 
as  well  as  by  numerous  chemists  associated  with  universities 
and  various  private  institutions.  Lack  of  space  prevents  an 
enumeration  of  the  foreign  institutions  which  have  likewise 
published  on  various  aspects  of  cereal  problems.  They  are 
to  be  found  in  practically  everj'  ci\'ilized  country  of  the 
world.  A  complete  bibhography  of  the  literature  in  the 
last  twenty  j'ears,  even  when  restricted  to  purely  chemical 
considerations,  proves  to  be  an  extensive  affair  indeed. 

It  is,  however,  worth  wliile  to  mention  certain  specific 
subdivisions  of  the  general  subject  which  the  activities  of 
the  chemist  have  touched.  These  include  the  biochemistry 
of  the  phylogeny  and  classification  of  wheats;  wheat  breeding 
for  strength  and  disease  resistance;  progressive  development 
of  the  plant  and  the  kernel;  biochemistry  of  certain  cereal 
diseases;  effect  of  premature  freezing  and  of  sprouting  on 
the  chemical  and  other  properties  of  the  crop;  gi'ain  storage, 
particularly  vfith  respect  to  respiration;  grain  standardization 
and  grading;  wheat  conditioning  and  tempering;  chemistry 
of  miUing;  flour  bleaching;  floiu'  improvers,  including  a  large 
group  of  various  organic  and  inorganic  substances;  enzyme 
phenomena,  including  particularly  those  occasioned  by 
zymase,  diastase,  and  the  proteases;  chemical  changes  in- 
volved in  various  processes  of  baking;  control  of  bread  dis- 
eases, particularly  rope;  staling  of  bread;  bread  %vi'apping: 
in  addition  to  extensive  consideration  of  cereals  and  cereal 
products  in  the  nutrition  of  man  and  animals. 

Certainly,  this  affords  a  wonderful  field  for  work,  both 
research  and  control.     Such  a  variety  of  problems  is  pre- 
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sented  that  the  facilities  of  every  branch  of  modern^chem- 
istry  can  be  utilized  in  their  solution.  Constituting,  as  it 
does,  a  subdi\'ision  of  apphed  biochemistry,  it  can,  like 
biocheniistry  generally,  make  use  of  the  methods  of  inorganic, 
organic,  and  physical  chemistry.  It  is  interesting  to  trace 
the  development  of  methods  employed 
in  such  work,  as  illustrating  the  processes 
of  thought.  A  brief  quarter  centurj'  ago 
interest  was  centered  largely  in  the  study 
of  wheat  proteins.  The  work  of  Fleurent 
had  suggested  that  variations  in  flour 
quality,  and  particularly  in  baking 
strength,  exhibited  by  flours  of  the  same 
total  protein  content  might  be  attrib- 
uted to  differences  in  the  ratio  of  gliadin 
to  glutenin.  This  pronouncement  stim- 
ulated a  vast  amount  of  investigational 
work,  and  even  in  control  laboratories 
thousands  of  gliadin  determinations  were 
made.  Osborne's  notable  researches  on 
the  wheat  proteins  added  substantially 
to  our  knowledge  of  their  chemical  con- 
stitution. Enzymes  soon  received  their 
share  of  attention,  and  diastase  activity 
was  found  to  be  correlated  wth  bakuig 
strength.  About  this  time  the  coUoid 
chemists  emerged  as  a  cUstinct  group, 
and  colloidal  properties  of  flour,  and  par- 
ticularly of  gluten,  began  to  receive  their 
share  of  attention.  The  most  notable 
pioneer  work  in  this  field  was  doubtless  that  of  Wood  and 
Hardy,  wiio  maintained  that  in  the  absence  of  electrolytes  glu- 
ten possessed  neither  tenacity  nor  elasticity.  The  concentra- 
tion and  character  of  salts  present  were  beheved  by  them  to 
detenmne  the  physical  properties  of  gluten.  Jessen-Hansen 
then  called  attention  to  the  significance  of  hydrogen-ion 
concentration  in  the  production  of  bread,  a  theme  which 
has  been  much  elaborated  upon  during  the  past  few  j^ears. 
Thus,  we  observe  that  the  physical  chemist  has  defijiitely 
appeared  as  a  factor  in  the  development  of  flour  research. 
And  still  more  recently,  in  point  of  chronological  sequence, 
it  has  been  made  evident  that,  while  the  proportion  of  the 
several  amino-acid  groups  present  in  the  gliadin  and  glutenin 
of  strong  and  weak  flours  may  not  vary  appreciably,  there 
is  a  possibOity  that  the  relative  size  of  their  molecules  or 
aggregates  may  be  far  from  constant.  Recent  studies  of 
Gortner  and  his  co-workers  lead  to  the  conclusion  that  the 
glutenin  of  typical  strong  glutens  exists  in  larger  aggregates 
than  does  glutenin  of  weak  gluten.  These  differences  are 
indicated  by  the  hydration  capacity  of  glutenin  in  contact 
with  dilute  acids. 

It  is  quite  evident  that,  while  cereal  chemistry  has  utilized 
the  serWces  of  the  physical  chemist  on  the  one  hand,  it  has 
enjoyed  close  relations  with  the  biologists  on  the  other  hand. 
Mention  has  been  made  of  the  cooperation  efi'ected  between 
agronomists,  plant  breeders,  and  the  chemists.  More 
recently,  the  biochemist  has  actively  engaged  in  a  study  of 
the  fungi,  and  there  is  need  of  further  work  along  this  line. 
The  production  of  ordinary  yeast-leavened  bread  involves 
the  activity  of  several  organisms.     Gases  of  fermentation 
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are  produced  through  the  inetaboHsm  of  yeast.  This  fungus 
responds  readily  to  modifications  in  its  environment.  Tem- 
perature, hydrogen-ion  concentration,  and  the  character  and 
concentration  of  the  sugars  and  salts  in  the  dough  solution 
are  important  in  controlling  the  activity  of  yeast.  Con- 
siderable progress  is  being  made  in  the  direction  of  supple- 
menting the  deficiencies  of  a  simple  dough  by  the  dehberate 
addition  of  salt  and  acid-reacting  mi.Ktures  which  "improve" 
the  mixture  by  accelerating  yeast  acti\'ity. 

Not  only  yeast,  but  other  organisms  are  concerned  in 
fermentation  and  baking.  Thus,  the  dough  batch  is  far  from 
sterile,  and  doubtless  contains  bacteria-producing  lactic 
acid  and  other  organic  substances.  It  has  been  suggested 
that  active,  pure  cultures  of  certain  lactic  acid  bacteria, 
or  sour  mashes  produced  through  their  activity,  be  added 
to  bread  doughs  to  increase  their  hydrogen-ion  concentration. 
Such  practice,  if  common,  would  necessitate  a  careful  physio- 
logical and  biochemical  study  of  the  organisms  employed, 
with  a  view  toward  the  development  of  satisfactory  control 
methods. 

Certain  bread  diseases,  notablj'  rope,  which  is  caused  by 
a  spore-forming  organism  of  the  potato  bacillus  group, 
occasion  considerable  losses.  The  physical  chemist,  in  the 
person  of  Dr.  Henderson,  has  indicated  convenient  and  ade- 
quate methods  of  preventing  the  depredations  of  these  forms 
by  controlling  the  hydrogen-ion  concentration  of  bread, 
particularly  during  hot  seasons  of  the  year.  Further  efforts 
are  necessary  in  the  direction  of  controlling  bread  molds, 
which  occasion  considerable  losses  under  certain  conditions. 

One  of  the  attractive  possibilities  now  unfolding  before 
the  bakery  chemist  is  the  production  of  "instantaneous 
bread."  This  term  is  coined  by  the  writer  to  describe  bread 
made  without  fermenting  the  dough  for  any  considerable 
period.  At  least  two  types  of  doughs  have  recently  been 
suggested  as  lending  themselves  to  this  unique  procedure. 
The  first  involves  an  acidulation  of  the  dough,  which  thus 
has  approximately  the  same  hydrogen-ion  concentration 
when  freshly  mixed  that  an  ordinary  dough  acquires  after 
four  or  five  hours  of  fermentation.  In  the  second  process, 
the  dough  is  brought  to  a  temperature  about  5°C.  above  the 
normal  (27°  C),  and  a  somewhat  increased  charge  of  yeast 
may  be  used.  Whichever  procedure  is  followed,  the  reduced 
fermentation  period  effects  economies  in  several  ways.  Less 
floor  space  will  be  required  in  the  dough  room,  the  labor  cost 
should  be  somewhat  less,  and,  what  is  even  more  significant 
to  the  chemist,  losses  in  fermentation  wiU  be  reduced  and  the 
yield  of  bread  correspondingly  increased. 

It  now  remains  for  some  ingenious  chemical  engineer  to 
render  the  bread-baking  process  continuous  and  automatic. 
As  yet  it  is  only  partially  automatic.  Dividers,  molders. 
proofers,  and  traveling  ovens  have  been  assembled  in  one 
complete,  sjTichronized,  automatic  unit.  We  now  need  to 
start  at  the  head  of  the  process,  and  assemble  automatic 
mixing  machinery  which  wiU  continuously  deliver  a  homo- 
geneous dough  with  proper  and  uniform  composition,  hydro- 
gen-ion concentration,  and  temperature  to  the  dough-divider, 
which  is  abeady  coupled  to  the  necessary  apphances  for 
completing  the  process. 

Not  only  has  the  chemist  invaded  the  milling  and  baking 
industries,  but  he  is  making  his  impress  on  the  cracker  and 
biscuit  industry.  Several  biscuit  and  cracker  plants  have 
chemists  and  chemical  laboratories.  Active  research  in 
this  field  is  also  in  progress  in  several  private  institutions, 
as  well  as  in  at  least  two  universities.  Part  of  the  university 
research  is  maintained  through  the  medium  of  industrial 
fellowships  financed  by  far-sighted  individuals  connected 
with  tliis  industry. 

No  mention  has  been  made  of  the  large  volume  of  wheat 
now  being  merchandised  on  the  basis  of  chemical  composition. 


Considerable  proportions  of  the  Kansas  hard  winter  wheat 
crops  the  past  few  seasons  have  been  sold  with  a  guaranteed 
crude  protein  or  crude  gluten  content.  This  practice  has 
been  extensively  adopted  in  merchandising  the  northwestern 
spring  wheat  crop  of  1922.  The  time  may  not  be  far  distant 
when  wheat  standards  will  include  crude  protein  specifica- 
tions, particularly  so  far  as  the  requirements  of  the  several 
sub-classes  of  hard  wheat  are  concerned. 

Thus,  we  note  that  chemical  methods  have  become  ex- 
tensively used  in  all  branches  of  the  cereal  industries.  This 
is  being  reflected  in  the  type  of  training  demanded  by  special- 
ists in  other  fields.  Geneticists,  physiologists,  pathologists, 
agronomists,  milling  engineers,  and  bakers  are  giving  bio- 
chemistry a  more  prominent  position  in  the  study  programs 
of  their  advanced  students.  This  is  making  for  a  healthy  and 
normal  growth  of  these  hnes  of  specialization,  and  permitting 
chemistry  to  render  an  adequate  ser\ice. 
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A  Device  for  Water  Analysis  and 
Slow  Filtration' 

By  Andrew  C.  Simmons 

UNtVERSITY  OF  FLORIDA,  G.AINESVILLE,  FlA. 

THE  accompanying  sketch  shows  a  simple  device  which 
has  been  found  satisfactory  for  water  analysis  and  for 
slow  filtration  at  the  University  of  Florida.  To  get  total 
solids  by  means  of  steam  evaporation  the  apparatus  is  set  up 
as  shown  and  the  water  from  the  flask  is  fed  into  the  plati- 
num dish  as  fast  as  the  water  in  the  dish  is  evaporated 
off.     This  device  is  useful  also  in  filtering  colloidal  solutions. 

.1  is  a  fairly  large 
air  trap  in  which  air 
is  imprisoned  after 
entering  through  the 
opening  D,  which  is 
open  to  the  air  at  all 
times.  The  air  en- 
trapped exerts  a 
slight  pressure  down- 
ward onto  the  water, 
which  rises  slightly  at 
E.  So  long  as  the 
end  E  extends  into 
the  water  far  enough 
so  that  water  pres- 
sure exerted  above  E 
equalizes  the  pres- 
sure exerted  by  the 
entrapped  air,  there 
will  be  no  flow  of 
water  from  the  flask 
into  the  dish,  but 
when  some  of  the 
water  in  the  dish  has 
evaporated  so  that 
the  entrapped  air 
pressure  is  greater 
than  the  water  pres- 
sure upward  on  E, 
then  the  bubble  of 
air  in  A  is  drawn 
downward  slightly 
towards  E,  and  at 
the  same  time  more 
air  is  drawn  through 
D.  Bubbles  of  air 
then  enter  through  D 
and  rise  up  through 
the  tubing  to  the  top  of  the  flask.  This  causes  an  increased  air 
pressure  on  the  head  of  water  in  the  flask  and  water  drops  do\vn 
through  the  tube  and  enters  the  dish,  beneath  E.  This  flow 
continues  until  once  more  the  water  pressure  upward  on  E  equal- 
izes the  entrapped  [air  pressure.  This  starting  and  stopping  of 
the  flow  of  watercontinues  until-all  the  flask  has  been  emptied. 
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Exaggerated 
View  op  Tube 
Showing       .'\ir 
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The  Potentialities  of  Catalytic  Research  in  the  Chemical 

Industry 


By  Hugh  S.  Taylor 

CETON'    I'nIVERSITV.    PRIN'CETON.     N     J. 


THE  potentialities  of  catalytic  research  constitute 
a  problem  wliich  must  continuously  confront  the 
executive  officer  of  any  large  chemical  organization. 
How  prepared  for  developments  along  catalytic  lines  should 
such  an  organization  be?  Is  it  worth  while  to  carry  on  the 
pajToU  a  specialist  in  such  a  particular 
branch  of  the  subject?  The  answers  to 
such  questions  are  most  important  in 
any  well-ordered  concern.  A  resume 
of  some  problems  and  a  brief  record  of 
some  progress  may  help  towards  such 
answers. 
Lower  Operating  Temperature  of 

Catalysts 
Sabatier,  in  his  text  on  "Catalysis  in 
Organic  Chemistry,"  states  that  ethylene 
and  hydrogen  begin  to  combine  rapidly 
in  presence  of  active  cojjper  above  150° 
C.  A  recent  article  by  Pease'  caUs  at- 
tention to  the  fact  that  by  reducing  cop- 
per oxide  under  controlled  conditions  a 
copper  of  such  activity  may  be  obtained 
that  immeasurably  rapid  reaction  of  the 
same  two  gases  is  obtainable  at  0°  C 
ivith  the  vessel  containing  the  copper  in  an 
ice  bath.  The  hydrogenation  of  ethylene 
is  not  likely  to  be  of  commercial  interest 
in  the  near  futui'e,  but  one  cannot  be 
blind  to  the  potentiahties  which  would 
result  from  a  reduction  of  150  degrees 
in  the  operating  temperature  of  all 
catalytic  agents.  For  example,  in  ammonia  synthesis,  op- 
eration at  350°  C.  instead  of  the  usual  500°  to  600°  C. 
would  enormously  increase  the  possible  yield  per  gas  passage 
as  a  result  of  the  more  favorable  equilibrium  conditions; 
or,  what  would  amount  to  the  same  thing  in  the  end,  the 
lower  working  temperature  would  make  possible  the  use  of 
lower  working  pressures  than  are  now  required  for  a  given 
yield  at  the  liigher  temperatures.  Simplification  of  opera- 
tion and  less  risk  and  danger  might  thereby  be  achieved. 
That  such  an  eventuality  is  realizable  seems  to  be  indicated 
by  the  results  recently  communicated  at  the  sprmg  meet- 
ing of  the  American  Chemical  Society  on  the  ammonia 
ectuilibrium  at  30  atmospheres  pressure.  It  is  hard  to  be- 
have that  such  studies  were  made  unless  operation  at  30 
atmospheres  pressure  were  within  the  realm  of  practical 
achievement. 

Control  of  "Poisoning'' 

Everyone  interested  in  the  problem  of  catalysis  is  familiar 
with  the  "poisoning"  of  catalytic  agents.  This  factor  of  poison- 
ing stUl  constitutes  one  of  the  bugbears  of  the  industrialist 
and  it  is  the  subject  of  anxious  queries  put  to  anyone  desiring 
to  initiate  new  catalytic  processes.  It  is  refreshing,  therefore, 
to  be  able  to  record  that  "poisoning"  is  now  being  brought 
so  under  control  by  the  scientific  investigator  as  to  be  sus- 
ceptible of  use  for  desired  ends.  The  recent  researches  of 
Rosenmund,  Zetsche,  and  Heise^  have  demonstrated  that 

1  J.  Ap.  Chem.  Soc,  45,  1196  (1923). 
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reactions  which  may  not  go  when  the  utmost  purity  of  re- 
agents is  secured,  may  be  carried  out  by  the  addition  of  suit- 
able impurities  to  the  reaction  system.  Palladium,  for 
example,  may  be  partially  poisoned  by  a  variety  of  substances 
in  such  a  manner  that  the  chief  reaction  product  of  the 
reduction  of  benzoyl  cliloride  may  be  one 
(ir  other  of  the  substances  benzaldehyde. 
Ijenzyl  alcohol,  benzyl  benzoate,  dibenzj^l 
ether,  or  toluene,  the  product  obtained 
lieing  determined  by  the  nature  and 
amount  of  the  added  substance.  As  typi- 
cal of  such  substances,  quinoline,  quino- 
iine  heated  with  sulfm-,  xanthone,  and 
dimethylaniline  may  be  cited.  Tliis  con- 
stitutes a  new  method  of  preparation  of 
aldehydes  hitherto  unprepared.  Zetsche 
lias  extended  the  work  to  dehydrogena- 
tion  of  alcohols  with  accompanying  oxi- 
dation. In  this  case  aldehydes,  acids, 
and  esters  may  result.  Aldehyde  is  the 
preferred  product  if  to  a  copper  catalyst 
small  amounts  of  cjuinoline  are  added. 
Xitro  bodies  further  assist.  Added  to 
nickel,  however,  quinoline  promotes  acid 
and  ester  formation.  It  is  not  possible 
to  give  the  details  of  this  fascinating 
work,  which  is  now  quite  extensive.  Its 
implications,  however,  cannot  be  over- 
looked by  either  the  theoretical  or  the 
practical  student. 

Controlled  oxidation  is  of  the  greatest 
importance  in  technology.  Especially  in  the  field  of  hydro- 
carbon oxidation  would  the  appUcation  of  Rosenmund  and 
Zetsche's  principles  lead  to  most  fruitful  industrial  result.s. 
O.xidation  of  methane,  ethylene,  and  other  simple  hydrocar- 
bons to  yield  formaldehyde  is  always  accompanied  by  a 
■variety  of  other  undesned  oxidation  products.  A  catalyst, 
modified  to  produce  formaldehj^de  alone,  would  be  a  most 
useful  discovery.  The  same  holds  true  also  of  such  oxida- 
tions as  those  of  naphthalene  to  phthalic  anhydride,  of  an- 
thracene to  anthraquinone,  and  of  benzene  to  maleic  acid. 
In  all  these  cases  the  danger  of  producing  undesired  oxidation 
products  necessitates  a  most  rigid,  narrow,  and  infle.xible 
set  of  experimental  conditions.  How  far  it  is  possible  to 
obviate  such  limitations  by  controlled  catalyst  poisoning  is 
worthy  of  study. 

Our  knowledge  of  the  underlying  causes  of  catalyst  poison- 
ing is  gromng  steadily.  Max-ted's^  researches  have  demon- 
strated that  poisons  for  platmum  and  palladium  hj'dro- 
genation  catalysts  cut  down  the  adsorption  of  hj-drogeu  b\- 
the  catalyst.  Pease'  has  shown  the  same  to  be  true  as 
regards  the  adsorption  of  hydrogen,  ethylene,  and  carbon 
monoxide  (private  communication)  for  a  copper  catah'st 
poisoned  with  mercury.  Taylor  and  Burns  and  Ganger' 
have  shown  that  diminished  adsorption  by  a  nickel  catalyst 
may  be  secured  by  controlled  heat  treatment  of  the  metal. 

«  /.  Chem.  Soc.  {.London),  IIB,  1050  (1919):  117,  1280,  ISOl  (1920);  119, 
225,  1280  (1921). 

•  /.  Am.  Chem.  Sor..  43,  1277  (1921);  45,  920  (1923). 
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Tliis  is  \-erified  also  in  the  work  of  Pease  and  in  that  of  Benton^ 
for  oxide  catalysts.  The  effect  of  the  heat  treatment  parallels 
roughly  the  effect  of  controlled  poisoning.  That  such 
manipulation  of  a  catalyst  may  lead  to  useful  results  is  to 
be  expected,  since  by  such  means  the  relative  concentrations 
of  reacting  materials  can  be  in  part  controlled.  Benton's 
researches  have  showai  that  the  preferential  catalytic  oxidation 
of  carbon  monoxide  in  presence  of  hydrogen,  at  oxide  catalyst 
surfaces,  is  to  be  associated  with  the  relative  adsorptions 
of  the  two  gases  by  the  catalj'st.  When  such  concentrations 
of  adsorbed  materials  can  be  manipulated  at  will,  the  province 
of  preferential  reactions  will  be  enormously  extended. 

Theory  of  Inhibition  or  Neg.\.tive  Catalysis 

It  is  twenty-five  years  since  Bigelow  studied  the  pecuhar 
propert}'  exercised  by  a  variety  of  organic  compounds  such 
as  benz3'l  alcohol,  benzaldehyde,  glycerol,  mannite,  and 
phenol  in  arresting  the  oxidation  of  sodium  sulfite  solutions. 
Young'  extended  Bigelow's  study  showing  that  such  sub- 
stances as  nicotine  and  other  alkaloids,  ammonium  salts, 
and  potassium  cyanide  behaved  similarly  towards  sodium 
.sulfite  solutions.  He  also  showed  that  the  oxidation  of 
stannous  chloride  solutions  could  be  similarly  inhibited. 
Lumiere  and  Seyewetz'  also  showed  that  the  inhibitory  sub- 
stances of  sulfite  solutions  included  hydroquinone,  jjyrn- 
catechin,  pyrogallol,  paraminophenol,  paraphenylenediamiuc, 
glycine,  etc.  This  is  of  importance  in  view  of  more  recent 
results.  Somewhat  earlier  than  this  Titoff,'  attempting 
to  elucidate  the  mechanism  of  the  action  of  such  in- 
hibitors, demonstrated  that  the  oxidation  of  sulfite  solutions 
was  accelerated  markedly  by  the  most  minute  traces  of 
positive  catalysts,  notably  copper  salts.  A  solution  of 
copper  sulfate  as  dilute  as  0.1"  molar  was  shown  to  produce 
perceptible  acceleration  of  the  rate  of  oxidation  of  the  sodium 
sulfite  solution.  Parenthetically,  it  may  be  observed  that 
it  was  this  activity  of  copper  which  was  utilized  recently 
by  Mack,  Osterhof,  and  Kramer"  in  their  determinations 
of  the  vapor  pressure  of  copper  anfl  copper  oxide  at  relatively 
low  temperatures.  This  study  of  Titoff,  demonstrating  the 
enormously  sensitive  nature  of  sulfite  solutions  to  positive 
catalysts,  led  him  to  suggest  that  negative  catalysts  act 
by  suppression  of  minute  traces  of  powerful  positive  catalysts. 
In  this  way  the  small  amounts  of  negative  catalyst  sometimes 
adequate  to  inhibit  a  reaction  almost  completely  found  a 
ready  explanation.  In  considering  such  a  situation  it  might 
suggest  itself  to  the  critic  to  inquire  why  it  is  more  difficult 
to  comprehend  negative  catalysis  by  substances  in  minute 
concentrations  than  it  is  to  accept  positive  catalysis  in  such 
marked  dilutions  as  those  discussed  above;  why,  for  example, 
one  gram  niol  of  copper  in  55  million  million  mols  of  water 
should  speed  up  a  reaction  if  one  gram  mol  of  a  substance 
in  ten  thousand  mols  of  water  should  lead  to  doubt  and 
ilisbelief  when  acting  as  a  negative  catalyst.  It  is  neverthe- 
less true  that  Titoff's  work  has  color'ed  most  of  the  subsequent 
work  on  the  subject  of  negative  catalysis:  it  is  still  the  most 
•luoted  "explanation"  of  negative  catalysis.  It  may  be 
argued,  with  a  considerable  degree  of  confidence  in  view  of 
recent  history,  that  the  general  acceptance  of  Titoff's  view- 
point has  retarded  the  de^'elopment  of  this  fascinating  and 
increasingly  important  branch  of  the  subject. 

A  few  other  cases  of  inhibitory  power  are  known.  The 
luminescence  of  phosphorus  in  air  or  dilute  oxj'gen  gas  mix- 
tures is  suppressed  by  sulfurous  gases,  as  observed  \>y 
BerthoUet  in  1797  and  studied  contiiuiously  since  that  time 

'  J.  Am.  Ckem.  Soc.  45,  S87.  900  (1923). 
'Ibid..  23,  119,  450  (1901);  24,  297  (1902). 
'Bull.  soc.  chim.,  31,  672  (1922). 
«Z.  phys.  Chem.,  46,  641  (1903). 
'J.  Am.  Chrm.  Sor.,  46,  617  (19231. 


until  the  present  A&y.  It  has  long  been  knowii  that  a  variety 
of  substances  inhibit  the  decomposition,  both  thermal  and 
jihotochemical,  of  hydrogen  peroxide.  Water,  famous  as 
a  necessary  positive  catalyst  to  a  large  number  of  reactions 
ever  since  the  researches  of  Mrs.  Fulhame  in  the  last  decade 
of  the  18th  century,  is  now  known  as  the  inliibitor  in  a  variety 
of  reactions  in  nonaqueous  liquid  media,  notably  of  the  de- 
composition of  oxalic  acid  in  concentrated  sulfuric  acid 
solutions.'"  The  more  observant  have  frequently  noted  that 
benzaldehyde  occasionally  oxidizes  quite  readily;  at  other 
times  it  has  seemed  remarkably  resistant  to  oxidation. 
Essential  oils  have  shown  similar  ■(•ariability.  It  has  been 
known  that  the  natural  essential  oils  preserve  their  qualities 
on  keeping  better  than  the  chemically  pure  materials. 

Many  of  these  and  other  observations  have  been  collected 
by  Moureu  and  Dufraisse"  in  a  literature  study  accompany- 
ing their  recent  important  contrilDutions  to  the  problem  of 
inhibition  of  autoxidation  processes.  Their  earliest  work 
showed  that  the  prevention  of  autoxidation  of  a  variety 
of  substances — for  example,  benzaldehyde  and  acrolein — 
was  possessed  by  phenolic  compounds.  The  efficiency  of 
such  compounds  was  remarkable.  One  molecule  of  hydro- 
([uinone  suppressed  the  oxidation  of  40,000  molecules  of 
acrolein.  Analogous  results  were  obtained  with  such  au- 
toxidizable  substances  as  acetaldehyde,  chloral,  propionic 
aldeh>-de,  acrolein,  anisic  aldehyde,  ciimamic  aldehyde,  hydro- 
cinnamic  aldehyde,  furfurol,  styi-olene,  turpentine,  linseed 
oil,  nut  oil,  and  butter.  Furthermore,  various  secondarj' 
phenomena  which  often  accompany  autoxidation  processes, 
generally  related  to  molecular  condensations  and  manifested 
by  changes  of  color,  precipitates,  change  in  viscosity,  ran- 
cidity, etc.,  are  also  inhibited  by  such  additions.  Thus, 
furfural,  instead  of  turning  deep  black,  remains  almost  color- 
less; acrolein  no  longer  yields  dis-acryl,  a  polymerized  product; 
st3Tolene  remains  fluid,  no  longer  giving^  the  soluble  resin 
known  as  ?M-styrolene;  linseed  oil  can  be  exposed  to  the  air 
in  thin  layers  without  losing  its  fluidity  (observations  lasting 
three  years);  butter  preserves  its  organoleptic  properties; 
and,  in  general,  fatty  bodies  do  not  become  rancid. 

Further  afield,  Moureu  and  Dufraisse  have  noted  the 
French  patent  to  the  Societa  Anonyma  Cooperativa  (1905) 
which  claims  the  protection  of  silks  against  light,  heat,  and 
atmospheric  action  by  means  of  thiourea,  hydroquinone. 
and  their  derivatives,  this  patent  being  a  product  of  the 
investigations  of  Sisley  and  Seyewetz;'^  also  a  German  patent 
(1918)  to  the  Badische  Anilin  und  Soda  Fabrik  claiming  the 
]5rotection  of  sjmthetic  rubber  against  autoxidation  by  the 
presence  of  phenolic  compounds.  In  a  recent  paper  com- 
municated by  Professor  Moureu,  Gillet  and  Giot"  have 
noted  that  materials  dyed  with  azo  dyes  and  eosin  dyes  are 
protected  against  color  change  by  such  inhibitors  as  Moureu 
and  Dufraisse  have  studied.  Rubber  oxidation  is  inhibited 
by  tanning  and  hydroquinone." 

It  is  very  evident,  therefore,  that  there  is  here  a  rich  field 
of  study,  both  for  the  industrialist  and  the  scientist — for 
the  technical  man  in  the  applications  possible,  and  for  the 
theoretical  chemist  in  the  problems  of  mechanism  which 
thereby  arise.  Moureu  and  Dufraisse,  rejecting  the  Titoff 
concept  of  suppression  of  a  positive  catalyst,  have  formulated 
a  theory  of  mechanism  which  seeks  the  theoretical  solution 
of  the  problem  of  autoxidation  in  the  "per-oxidation"  of 
both  autoxidant  and  of  inhibitor  followed  by  interaction  of 
the  two  oxidized  agents,  to  regenerate  both  initial  substances 

"I  Bredig  and  Lichty,  Z.  Eleklwdiem..  12,  4.i0  (1906);  Lichty,  J.  Phys. 
Chem.,  11,  255  (1907). 

■1  Compl.  rend.,  174,  258  (1922);  176,  127  (1922);  176,  624,  797  (1923). 

»  Bull.  soc.  chim.,  31,  672  (1922). 

"  Compl.  rend..  176,  1402  (19231. 

'*Ibid.,  177,  204  (1923);  French  Patent  509,067  (1919). 
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and  elementary  oxygen.  Thus,  if  .1  he  the  aiitoicidizable 
substance  and  B  be  the  inhibitor,  the  sequence  of  reactions 
would  be 

.4  +  O2  =  .4(Oo1;     .4(02)  +  B  =  A(0)  +  5(0); 
.4(0)  +  B{0)  =  A  +  B  +O2 

or  alternatively 

^+02=  .4(0.) 

B  +  O2  =  S(02) 

AiOi)  +  5(0=)  =  .4  +  B  +  2O2 

Certain  data  already  accumulated  lend  a  degree  of  credence 
to  this  formulation.  It  is  doubtful,  however,  whether  it 
is  applicable  in  more  than  a  few  cases;  it  would  need 
entirely  recasting  to  cover  the  general  case  of  negative  catal- 
ysis, which,  as  we  have  seen,  includes  reactions  not  autoxidant 
in  nature.  An  attempt  to  formulate  a  more  general  theory 
of  negative  catalysis  has  recentlj'  been  made  by  the  WTiter 


iiidependently  of  the  work  of  the  French  authors.'^  The 
theory  accounts  for  inhibitory  power  by  assuming  inter- 
action between  one  of  the  reactants  and  inhibitor  to  form  a 
molecular  compound,  as  an  alternative  to  reaction  between 
the  two  or  more  reactants.  The  extent  of  the  inhibition  is 
determined  by  the  degree  and  velocitj'  of  compound  for- 
mation. The  mechanism  of  Moureu  and  Dufraisse  would 
be  a  special  case  of  this  more  general  formulation.  The 
general  theory  would  suggest  other  possibilities  of  inhibitory 
mechanism  and  thereby  a  wider  range  of  reactions  sensitive 
to  negati\e  catalysis  and  a  more  extended  series  of  inhibitory 
materials. 

It  should  be  very  evident,  therefore,  that  catalysis,  both 
positive  and  negative,  is  a  subject  that  the  chemical  organiza- 
tion cannot  ignore;  the  theoretical  chemist  can  surely  find 
therein  problems  that  will  delight  his  soul. 

15  J.  Phys.  Chem.,  27,  322  (1923). 


The  Mechanism  of  Corrosion 

By  John  Johnston 

Yai.e   University,   New   Haven.   Conn. 


OF  THE  great  number  of  publica- 
tions dealing  with  the  general 
topic  of  corrosion,  few  add  much 
to  the  reader's  positive  knowledge.  In- 
deed, by  their  lack  of  agi-eement,  many 
of  the  observations  recorded  injthe  liter- 
attire  are  likely  to  confuse  and  weary 
him.  Tliis  appears  to  arise  in  part  from 
the  desire  of  an  author  to  show  that  other 
products  are  worse  than  ^the  one  whose 
merits  he  is  championing  and  in  part 
from  the  fact  that  many  investigations 
have  been  limited  to  a  specific  set  oi 
conditions  which  have  not  been  defined 
and  controlled  with  sufficient  care.  The 
most  important  cause,  however,  is  an 
oversimplification  of  the  problem  in  an 
attempt  to  discover  a  single  primary 
factor  to  the  operation  of  wliich  aD  phe- 
nomena of  corrosion  may  be  ascribed. 
The  protagonists  of  several  such  factors, 
assumed  to  be  primary,  bring  forward 
e\-idence  in  favor  of  their  particular 
bchefs  and  give  reasons  why  any  other  explanation  is  un- 
satisfactory. This  does  not  mean  that  e%idence  has  been 
deliberately  manufactured  or  ignored,  but  rather  indicates 
that  the  problem  is  more  complex  than  many  have  assmned 
it  to  be.  In  other  words,  a  complete  description  of  the  proc- 
esses of  corrosion  necessitates  the  consideration  of  se-\-eral 
factors,  any  one  of  wliich  may  under  some  circumstances 
be  dominant.  That  it  could  not  well  be  otherwise  is  e\-ident 
from  the  wide  range  of  conditions  under  which  the  term 
'"corrosion"  is  appMed — in  water,  in  salt  or  acid  solutions, 
cold  and  hot,  in  the  atmosphere,  drj'  and  moist,  clean  and 
dirty,  in  air  or  gases  at  high  temperature.  And  the  medium 
may  be  stagnant  or  in  rapid  relative  motion.  Further- 
more, we  may  be  dealing  with  a  single  metal  from  anj'  part 
of  the  electrochemical  series,  pure  or  impure,  with  a  metal 
made  up  substantially  of  a  single  kind  of  crystal  or  containing 
several  kinds  of  crystal,  and  the  metal  may  be  acting  as 
electrode  and  under  electrical  or  mechanical  stress  produced 
by  external  causes  or  internal  strains.     It  is  clear,  therefore, 


John  Johnston 


that  in  discussing  this  problem  it  is  almost 
impossible  to  avoid  dogmatic  statements, 
unsupported  bj-  convincing  evidence,  or 
generalizations  too  broad  to  be  useful. 

Points  of  similarity  in  the  diverse  con- 
ditions have  led  different  WTiters  to  at- 
tribute the  effects  to  various  factors.  Ade- 
quate emphasis  has  not  been  given  to  one 
of  these,  namely,  that  in  all  cases  of  cor- 
rosion we  are  deahng  with  effects  at  a  sur- 
face between  at  least  two,  and  possibh" 
three,  phases.  Therefore  more  attention 
.should  be  directed  to  what  may  be  ^ex- 
pected to  happen  at  such  a  surface  of 
separation,  and  the  formation  and  beha\- 
ior  of  a  film  or  layer  (using  these  words 
in  a  general  sense)  at  a  metal  surface 
mider  various  conditions  should  be 
studied.  It  has  long  been  recognized  that 
in  a  general  way  the  character  of  the 
metal  surface  is  of  importance.  For  in- 
stance, pohsliing  lessens  the  rate  of  cor- 
rosion, and  protection  from  corrosion  is 
achieved  if  the  surface  layer  be  iniper\ious  to  the  corrod- 
ing agent.  But  Uttle  is  known  defrniteh'  as  to  why  there 
should  be  such  large  differences  in  the  protection  afforded 
by  such  coatings,  even  when  formed  under  conditions  which 
appear  to  be  nearly  identical. 

A  clue  to  the  cause  of  these  differences  in  some  cases  may  be 
given  by  the  following  considerations.  A\lien  a  metal  oxide 
or  hydro.xide  is  shaken  with  water  in  the  presence  of  carbon 
dioxide  until  the  system  is  in  equilibrium,  the  stable  solid 
phase  will  be  hydroxide  or  carbonate  (excluding,  for  the 
moment,  the  possibihty  of  a  basic  carbonate),  according  to 
whether  the  partial  pressure  of  carbon  dioxide  at  equUibrium 
is  below  or  above  a  certain  limiting  value.  Tliis  limiting 
value,  or  transition  pressure,  characteristic  of  the  particular 
metal,  is  determined  largely  b}'  the  relative  solubility  of  its 
hydroxide  and  carbonate,  so  that  it  depends  upon  tempera- 
ture. At  present  it  is  not  known  for  any  metal  except  mag- 
nesium, for  which  it  is  about  O.tXXlo  atmosphere  of  carbon 
dioxide,  a  concentration  slightly  greater  than  that  in  outside 
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air  but  less  than  tliat  common!}'  present  in  a  room.  Ac- 
cordingly, if  conditions  are  such  that  equilibrium  is  attained, 
in  a  laboratory  we  might  get  magnesium  hydroxide  when  all 
the  windows  are  open  but  magnesium  carbonate  with  less 
ventilation.  If  equilibrium  is  not  attained,  we  would  get  a 
mixture  of  the  two,  or  even  alternate  layers  of  hydroxide 
and  carbonate.  Thus,  a  piece  of  magnesium  immersed  in 
water  exposed  to  the  atmosphere  might  become  coated  with 
hydroxide,  with  carbonate,  or  with  both.  Moreover  the 
structure  of  the  film  might  be  different,  according  to  whether 
the  carbonate  had  been  formed  from  hj'di'oxide  or  precipi- 
tated directly. 

It  is  possible  therefore  that  the  different  coatings,  which 
may  thus  be  produced  through  a  relati\'ely  small  variation 
of  conditions,  differ  largely  in  the  protection  which  they 
afford  to  the  metal.  This  is  a  case  of  a  possible  factor  which 
has  been  left  out  of  account  as  being  negligible,  but  it  may 
in  some  cases  be  important  and  responsible  for  the  lack  of 
consistency  of  results  obtained  under  apparently  identical 
conditions.  For  the  metals  in  which  we  are  more  interested 
as  subject  to  corrosion  this  transition  pressure  of  carbon 
dioxide  is  not  known,  but  that  in  some  cases  it  should  be 
not  far  from  the  proportion  commonly  present  in  the  atmos- 
phere is  not  improbable. 

Incidentally,  these  considerations  lead  to  the  question — 
are  so-called  basic  carbonates  definite  compounds  and  not 
merely  mixtures  of  hj'droxide  and  carbonate  which  appear  to 
be  definite  only  because  they  are  usually  made  under  sub- 
stantially identical  conditions?  To  what  extent  the  partial 
pressure  of  carbon  dioxide  is  a  factor  in  the  process  of  cor- 
rosion can  be  determined  only  by  careful  work  to  ascertain 
what  may  be  expected  to  occur  in  the  systems  RO-H20~C02 
(R  denoting  a  metal)  and  whether  films  formed  within  an 
appropriate  range  of  concentrations  of  CO2  differ  in  protective 
power. 

This  leads  to  the  question  of  the  criteria  which  can  be  used 
to  characterize  fikns  on  metallic  surfaces.  Films  differing 
in  protective  power  may  look  ahke,  even  under  the  micro- 
scope, as  they  are  composed  of  extremely  fine  particles. 
Chemical  reactions  are  generally  not  very  helpful,  for  the 
quantity  of  material  is  small  and  the  observations  cannot  be 
interpreted  unambiguously.  It  would  therefore  seem  nec- 
essary to  resort  to  phj'sical  methods,  particularly  sensitive 
electrical  methods,  as  a  means  of  estimatmg  the  degree  of 
difference  of  films  produced  under  different  conditions.  The 
electrical  resistance  and  capacity  of  the  films  are  possibilities 
and  preliminary  investigation  has  indicated  substantial  differ- 
ences on  making  such  measurements  on  films  made  under 
different  conditions  upon  the  surface  of  a  piece  of  metal. 
It  is  possible  also  that  measurements  of  electromotive  force, 
thermionic  emission,  photoelectric  effect,  catalytic  activity, 
or  gas  absorption  would  prove  useful  in  some  types  of  cor- 
rosion. Along  these  lines,  however,  one  could  not  hope  to 
achieve  much  except  by  taking  the  risk  that  the  systematic 
investigation  which  would  be  required  would  not  be  worth 
the  time  and  effort  involved.  Nevertheless,  it  looks  as  if 
our  knowledge  of  the  mechanism  of  corrosion  wiU  be  un- 
satisfactory until  we  have  learned  how  to  characterize  our 
surfaces  and  films  and  to  distinguish  one  from  another. 

A  study  of  the  structure  of  metal  surfaces  and  of  the 
reactions  which  may  occur  at  those  surfaces  is  of  value  also 
as  a  means  towards  a  better  knowledge  and  control  of  the 
processes  of  electrodeposition  which  are  still  far  from  being 
well  understood,  for  the  surface  of  the  base  affects  the  proper- 
ties of  the  electrodeposit,  for  instance,  its  adherence  and 
continuity,  and  hence  its  protective  power.  Thus  the 
problems  of  corrosion  aiid  electrodeposition  are  closely 
connected  and  can  with  advantage  be  investigated  together, 
as  it  would  seem  that  in  both  processes  an  important  factor 


in  the  result  is  the  nature  and  structure  of  the  first  film 
formed,  that  is,  of  the  phase  which  is  in  immediate  contact 
with  the  metal. 

If  hydrogen  is  passed  over  pure  copper  oxide,  reduction 
may  not  start  until  a  temperature  higher  than  that  which 
suffices  to  maintain  the  progress  of  reduction  when  once  it 
has  started  has  been  attained.  Moreover,  the  reduced  area 
spreads  out  from  the  point  or  points  at  which  the  copper 
appeared  initially.  This  reluctance  of  the  process  to  start, 
however,  may  be  obviated  by  the  presence  in  the  oxide  of  a 
few  particles  of  copper  which  serve  as  nuclei  about  which 
the  reaction  proceeds.  This  suggests  that  there  is  much  more 
likelihood  of  reaction  at  a  place  in  the  surface  where  we 
already  have  the  two  solid  phases  concerned  in  the  reaction, 
or,  at  least,  when  there  is  some  discontinuity  in  the  regular 
structure,  and  that  the  causes  of  the  reaction  may  be  de- 
pendent upon  contact  between  the  pair  of  soUd  phases  con- 
cerned. This  is  analogous  to  the  fact  that  a  perfect  crystal 
of  a  substance  which  normally  would  effloresce  may  remain 
unchanged  but  begin  to  effloresce  as  soon  as  its  surface  is 
scratched.  We  meet  the  same  phenomenon  in  cases  more 
usually  regarded  as  cases  of  corrosion,  corrosion  being  much 
more  likely  to  occur  at  irregularities  of  any  kind  in  or  at  the 
surface  of  the  metal,  even  if  the  irregularity  is  a  grain  of  so 
inert  a  substance  as  sand  resting  on  the  metal.  This  leads 
one  to  wonder  if  we  should  not  look  upon  the  break  in  regu- 
larity of  the  surface  as  the  occasion  both  of  the  corrosion 
and  of  local  potential  differences,  upon  the  latter  as  a  symptom 
rather  than  as  a  cause  of  the  disease.  To  the  writer  it  seems 
advantageous  to  refer  the  phenomena  directly  to  the  surface 
even  though  this,  in  a  sense,  is  to  try  to  explain  one  unknown 
in  terms  of  another  unknown.  At  least,  it  emphasizes  the 
necessity  of  fm-ther  and  more  thorough  investigation  of 
surface  films  on  metals. 

As  to  the  value  of  more  definite  knowledge  of  the  mecha- 
nism of  corrosion,  httle  need  be  said.  We  are  hardly  likely 
to  be  able  effectually  to  minimize  the  losses  due  to  corrosion 
until  we  have  a  better  understanding  of  its  mechanism. 
Tliis  loss  is  enormous,  for  an  appreciable  fraction  of  the  metal 
produced  each  year  is  used  to  replace  metal  rendered  useless 
by  corrosion.  Consequently,  the  return  from  even  a  partial 
answer  would  soon  repay  the  cost  of  investigation.  There 
is  an  increasing  willingness  to  consider  the  problem  as  a 
whole,  instead  of  merely  attempting  to  find  a  way  of  ob- 
viating some  particular  difficulty,  and  recent  work  has  thrown 
light  on  many  places  which  were  dim  or  even  dark.  Many 
committees  are  interested  in  different  aspects  of  the  matter, 
and  an  effort  is  being  made  to  bring  together  these  various 
viewpoints.  There  is,  however,  no  lack  of  opportunity  for 
the  investigator  who  has  an  idea  and  opportunity  to  try  it 
out. 


Society  Meetings  with  Exposition 

The  Chemical  Exposition  this  year  is  being  held  as  usual 
during  the  week  following  the  annual  meeting  of  the  American 
Chemical  Society  at  Milwaukee.  Immediately  after  the  close 
of  the  meeting  its  members  will  entrain  for  New  York  in  order 
to  spend  the  week  of  the  17th  at  the  exposition.  The  usual 
meeting  of  the  American  Ceramic  Society  will  be  held  in  con- 
junction with  the  e.xposition  in  the  Grand  Central  Palace  on 
September  19,  probably  extending  over  several  days.  The 
annual  banquet  and  election  of  the  Salesmen's  Association  of 
the  American  Chemical  Industry  will  also  be  held  during  this 
week,  probably  at  one  of  the  Pershing  Square  group  of  hotels 
near  the  Grand  Central  Palace.  The  regular  dinner  of  the  Ameri- 
can Institute  of  Chemical  Engineers  will  be  on  Wednesday 
evening,  September  19,  at  the  Park  Avenue  Hotel,  reservation 
for  which  should  be  sent  to  John  C.  Olsen,  secretary,  85  Living- 
ston St.,  Brooklyn,  N.  Y. 
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Recent  Contributions  of  Chemistry  to  Medicine 


By  Ernest  H.  Volwiler 

The  Abbott  Laboratories.  Chicaoo,  III. 


MEDICINE  as  an  art  is  gradually  giving  way  to  medi- 
cine as  a  science,  but  the  process  is  a  slow  one 
which  can  never  be  completed,  for  the  successful 
physician  must  be  somewhat  of  an  artist  in  his  work,  as  well 
as  a  keen  scientist.  The  transformation  toward  the  scientific 
side  has  been  considerably  accelerated 
during  the  last  twenty  years,  owing  large- 
ly to  the  application  of  many  of  the  prin- 
ciples of  the  various  branches  of  chemis- 
try and  physics,  which  the  medical  pro- 
fession has  gladly  accepted  and  wisely 
employed.  Biochemistry,  with  the  re- 
lated branches  of  science  that  it  in- 
volves, is  the  key  to  the  door  through 
which  most  modern  success  in  medicine 
is  being  obtained,  and  the  information 
which  it  has  placed  at  the  disposal  of 
the  physician  has  led  to  marked  changes 
in  the  tj^Des  of  substances  which  he 
administers. 

The  history  of  drugs  and  their  use 
indicates  many  substances  which  are 
nearly  if  not  quite  as  toxic  to  the  host  as 
to  the  parasite.  One  ser\-ice  which  mod- 
ern chemistry  is  rendering  consists  in 
replacing  the  old,  crude,  "shot-gun" 
mixtures  by  compounds  which,  although 
still  somewhat  toxic,  are  limited  in  action 
to  a  few  specific  effects  that  are  fau-ly  well 
understood.  Practically  every  drug  in 
use  to-day  is  to  some  extent  a  poison; 
to  speak  of  a  drug  as  being  "nontoxic"  is  to  ignore  the  fact 
that  the  therapeutic  effects  of  substances  cannot  be  limited 
strictly  to  the  conditions  which  it  is  intended  to  relieve  or 
to  the  destruction  of  an  iiu'ading  organism — there  certainl\- 
will  be  side  effects  which  will  affect  more  or  less  undesirably 
the  healthy,  normal  tissues.  The  end  in  view,  but  not  the 
path  to  foUow,  is  usuallj-  well  defined;  the  therapeutic  effi- 
ciency must  be  raised  to  the  utmost,  and  the  side  effects 
eUminated  as  nearly  as  possible. 

It  must  be  admitted  that  the  present  state  of  our  knowl- 
edge of  the  maintenance  of  health  and  the  treatment  of 
disease  is  still  quite  unsatisfactory.  Even  after  the  diag- 
nosis of  a  disease  has  been  correctly  made,  the  remedy  avail- 
able for  its  treatment  is  often  ill-chosen  and  unsuited.  In 
the  final  analysis,  the  actions  of  all  drugs  must  be  referred 
to  the  cells  themselves,  concerning  whose  nature  and  reactions 
our  knowledge  is  very  fragmentary.  Owing  to  the  cells' 
complex  structure,  there  can  be  but  little  hope  that  it  eventu- 
ally wiU  be  possible  to  express  the  action  of  most  drugs  in 
terms  of  definite  chemical  reactions;  but  it  is  perhaps  not 
l)eyond  our  reach  to  determine  why  particular  compounds 
exert  certain  actions  upon  the  cells,  and  how  these  actions 
may  be  enhanced  or  retarded. 

Recent  years  have  brought  about  some  important  advances 
in  the  treatment  and  prevention  of  disease.  A  few  of  these 
will  be  briefly  sketched  in  the  following  paragraphs. 

Dyes  in  Medicine 

In  the  last  decade  probablj'  no  other  series  of  substances 
has  sho-mi  more  promising  progress  in  the  therapeutic  field 
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than  dyes,  which  have  been  found  to  have  a  wide  applica- 
tion, first  as  reagents  in  bacteriology,  and  later  in  the  clinical 
treatment  of  disease.  As  early  as  1887  certain  dyes  were 
found  to  possess  bacteriostatic  action,  but  it  was  not  until 
1012  that  Churchman,''*  and  later  Simon  and  Wood- 
began  a  systematic  study  of  these 
compounds.  It  was  found  in  the 
rather  extensive  series  investigated  by 
them  that  the  triaminotriphenylmetljane 
dyes  possess  the  greatest  antiseptic  or 
bacteriostatic  action,  and  that  this  is  de- 
])endent  upon  the  auxochi'omic  amino 
group  as  well  as  upon  the  triphenyl 
nucleus  itself.  Acid  dyes  are  in  general 
much  less  effective  than  basic  dyes,  and 
the  effect  of  alkyl  groups  is  uncertain. 
A  much  greater  variety  of  dyes  has  re- 
cently been  studied  by  BrowTiLng  and 
Cohen^  and  by  Norton  and  Davis.''  Their 
work  indicates  the  need  for  much  more 
study,  for  we  are  as  yet  unable  to  deter- 
mine what  nuclei  or  groups  are  essential 
for  the  production  of  antisepsis.  Among 
the  dyes  which  have  proved  most  effi- 
cient toward  the  pneumococcus-strepto- 
loccus  group  of  bacteria  are  brilliant 
u,reen,  gentian  violet,  and  crystal  violet. 
The  successful  cure  of  pneumonia  has  yet 
to  be  discovered,  and  it  is  not  unlikely 
that  such  work  as  this  may  lead  to  the 
successful  solution  of  the  problem. 
It  is  in  the  treatment  of  sj-philis  and  gonorrhea  that  dyes 
have  been  most  extensively  investigated.  Ehrlich  and  his 
collaborators  studied  the  use  of  trypan  blue  and  of  acri- 
tla\-ine  as  specifics  for  syphilis,  but  the  results  were  not 
particularly  encouraging.  It  was  later  found, ^  however, 
that  acriflavine  (trypaflavine)  is  almost  unique  among  bac- 
tericidal agents,  inasmuch  as  its  action  is  enhanced  in  the 
jiresence  of  serum,  instead  of  being  retarded.  This  led  to 
its  extended  use  as  a  remedy  for  gonorrhea,  particularh-  in 
Great  Britain  and  America.  Incidentally,  it  is  said  that 
during  the  war  acriflavine  was  almost  universally  used  in 
the  German  army  in  the  treatment  of  wounds. 

The  success  of  acriflavine  has  naturally  led  to  the  s^^l- 
thesis  of  a  great  many  modifications  of  it;  only  two,  which 
were  developed  in  Germany,  need  be  mentioned  here — 
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namely,  flavizid  and  rivauol. 

*  Numbers  refer  to  bibliography  ; 
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Rivanol  was  discovered  by 

t  end  of  article. 
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Morgenroth"  who  is  noted  for  his  work  on  quinine  derivatives 
for  the  treatment  of  pneumonia.  It  appears  valuable  in 
the  treatment  of  streptococcic  infections,  although  the 
work  with  both  it  and  flavizid  is  too  incomplete  to  justify 
final  judgment  as  to  their  true  value. 

American  investigators  have  begun  work  in  some  inter- 
esting and  altogether  new  series  of  dyes,  which  are  of  im- 
portance inasmuch  as  they  may  lead  to  other  even  more 
valuable  compounds.  Two  phthaleins  containing  mercury, 
mercurochrome-220   and   flumerin, 
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Mercurochroms 
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have  been  studied  by  White  and  his  collaborators.^  Mer- 
curochrome  is  being  employed  as  a  general  antiseptic,  while 
flumerin  has  been  suggested  for  use  as  an  antisyphilitie. 
Sodium-p-hych'oxymercuri-o-nitrophenolate  (mercm'ophen), 
investigated  by  Schamberg,  Kolmer,  and  Raiziss,*  has  provetl 
valuable  as  a  general  antiseptic. 

There  can  be  no  doubt  that  the  use  of  dyes  in  medicine 
constitutes  an  important  step  in  the  evolution  of  modern 
therapeutic  measures,  but  they  will  be  superseded  as  soon 
as  other  non-dyeing  compounds  of  equal  or  greater  effi- 
ciency can  be  developed.  lu  the  present  state  of  bacterio- 
logical and  clinical  knowledge,  the  staming  qualities  of  dyes 
give  a  good  method  for  following  their  action,  but  indications 
are  not  lacking  that  there  are  other  substances  which  do  not 
possess  the  objectionable  dyeing  or  staining  qualities,  but 
which,  nev^ertheless,  may  be  equally  efficient. 

Tre.\tment  of  Syphilis 

Eternal  vigilance  and  most  vigorous  therapeutic  measures 
constitute  the  only  hope  of  eradicating  or  even  controlling 
syphilis,  which  is  to-day  probably  the  world's  greatest  scourge. 
It  is  interesting  to  note  that  mercury  was  used  in  its  treat- 
ment almost  from  the  time  of  its  appearance  in  Europe,  but 
mercury  in  its  varied  forms  has  up  to  the  present  proved  at 
best  a  rather  dangerous  drug  to  employ.  Probably  no 
advance  in  medicme  has  exceeded  in  importance  the  dis- 
covery of  the  arsphenamines  by  Ehrlich  in  1910.  Ehrlich's 
work  constitutes  the  first  extended  investigation  in  the  field 
of  chemotherapy  or  the  correlation  of  chemical  constitution 
and  physiologic  action  to  produce  specific  desired  therapeutic 
effects. 
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It  seems  probable  that  if  the  perseverance  and  care  taken 
in  the  development  of  these  compounds  of  arsenic  were  to 
be  applied  to  the  study  of  other  diseases,  a  number  of  them 
would  be  passing  into  the  category  of  rare  maladies.  On 
account  of  the  prevalence  and  difficulty  of  control  of  syphilis, 
however,  it  cannot  even  be  .stated  that  it  is  on  the  declme; 
but  the  use  of  the  arsphenamines  has  assuredly  been  of  great 
value  in  checking  its  ravages. 

An  immense  amount  of  research  has  been  carried  on  in 
all  civilized  countries  during  the  last  decade  in  the  attempt 
to  develop  products  superior  to  the  arsphenamines,  but  up 


to  the  present  the  main  progress,  in  which  chemists  of  tlic 
United  States  have  had  a  most  prominent  part,  has  come  in 
decreasing  the  toxicity  and  increasing  the  safety  of  the  ars- 
phenamines, rather  than  in  the  discovery  of  new  compounds 
in  other  series.  Recently  Voegtlm'  has  focused  attention 
upon  sulfarsphenamine,  one  of  the  compounds  related  to 
arsphenamine,  prepared  by  EhrUch  and  his  collaborators, 
but  apparently  discarded  by  them.  Since  it  is  a  bisulfite 
derivative  instead  of  the  suh'oxalate  compound  (neoarsphen- 
amine),  it  is  less  susceptible  to  the  formation  of  toxic  oxida- 
tion products  and  is  giving  promise  of  some  valuable  thera- 
peutic application. 

Jacobs  and  Heidelberger,'"  in  an  admirably  systematic 
series  of  investigations,  have  developed  the  sodium  salt  of 
jV-phenylglyeineamide-p-arsonic  acid,  called  tryparsamide, 
which  has  proved  valuable  in  the  treatment  of  African 
sleeping  sickness,  a  trypanosome  disease  related  to  syphilis. 
The  compomad  was  deemed  of  little  value  in  the  treatment 
of  syphilis,  partly  because  of  the  danger  of  producing  blind- 
ness, but  recent  chnical  experiments  indicate  that  it  may  have 
a  place  in  the  treatment  of  neuro-syphilis,  a  form  of  tertiary 
syphihs.  It  may  also  be  said  that  sulfarsphenamine  has 
very  recently  given  promise  in  this  same  field. 

Although  arsenic  administration  for  syphilis  has  held 
the  limelight,  the  simultaneous  or  separate  use  of  mercury 
has  by  no  means  been  abandoned,  and  other  metals  are 
finding  use.  Apparently,  the  arsphenamines  clear  the 
blood  stream  of  the  spirochetes  wdth  remarkable  rapidity 
and  the  simultaneous  use  of  mercury  preparations  prevents 
the  organisms  from  finding  lodgment  in  the  tissues.  Re- 
cently disodiummercurisahcylacetate  (mercurosal)  has  been 
placed  upon  the  market  as  an  antisyphiUtic.  A  number 
of  investigators,  particularly  in  American  universities, 
aided  and  encomaged  by  the  United  States  Interdepart- 
mental Social  Hygiene  Board,  are  carrying  on  impor- 
tant work  with  mercury  compounds.  Moreover,  bismuth 
compounds,  for  example,  sodium  potassium  tartrobismuth- 
ate,  introduced  by  French  pharmacologists  and  physicians, 
have  attracted  a  great  deal  of  attention,  particularly  for  use 
m  those  cases  where  arsenic  and  mercury  are  not  well  tol- 
erated or  where  they  are  meffective.  In  efficiency,  com- 
pounds of  arsenic,  bismuth,  and  mercury  are  said'^  to  bear 
the  approximate  relative  ratio  10:7:4. 

The  most  promising  treatment  of  trypanosome  diseases, 
such  as  syphilis  and  African  sleeping  sickness,  has  heretofore 
seemed  to  involve  the  administration  of  compounds  of  metals, 
such  as  arsenic,  but  the  recent  work  in  Germany  indicates 
that  eventuaDy  purely  organic  compounds  may  be  equally 
promising,  if  not  even  more  so.  Owing  to  the  conditions 
brought  about  by  the  war,  the  nature  of  these  substances 
has  been  carefully  guarded,  but  they  are  apparently  complex 
aromatic  amides  synthesized  from  naphthalenesulfonic  acids, 
phosgene,  and  nitrobenzoic  acid,  or  similar  intermediates: 


[co^^xh]. 


B.\YER-205  (possible  lormul.'i) 

"Bayer-205"  appears  to  be  of  value  in  the  treatment  of 
African  sleeping  sickness,  but  is  apparently  not  appUcable 
for  use  in  human  syphilis. 

It  is  interesting  that  the  immense  amount  of  excellent 
work  which  has  been  done  by  scores  of  investigators  of  many 
nations,  with  good  facihties  at  hand,  has  produced  compara- 
tively little  aside  from  advances  in  the  production  of  the 
arsphenamines  of  high  quality  and  potency.     Nevertheless, 
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a  broad  and  sound  basis  is  being  laid  from  which  we  may 
reasonably  expect  to  develop  the  "lucky  accident"  that 
will  constitute  the  next  big  step  in  our  progress  toward  the 
elimination  of  syphilis.  Whether  this  advance  will  come 
along  the  line  of  purely  organic  compounds,  or  whether  com- 
pounds of  metals  such  as  arsenic  will  continue  to  be  the  best 
remedies,  cannot  at  present  be  predicted. 

Hypnotics  and  Sed.\tives 

It  cannot  be  said  that  the  power  of  producing  sleep  is 
inherent  in  any  certain  combination  of  groups,  inasmuch  as 
there  is  a  wide  variety  of  nuclei,  both  inorganic  and  organic, 
which  may  form  the  basis  of  hypnotic  compounds.  Most 
modern  hypnotics  belong  to  the  organic  series;  among  the 
first  of  these  to  be  used  was  chloral  hydrate.  Other  products 
which  have  come  into  use  are  based  upon  the  nuclei  of  ure- 
thane  (I,  VIII),  sulfonmethane  (II),  halogen-substituted 
acid  ureides  (III),  pjTimidine  (IV),  hydantoin  (V),  homo- 
phthalimide  (VI),  and  diketotetrahydroxazole  (VII). 
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An  examination  of  the  structures  of  these  compounds  indi- 
cates that  their  activity  is  based  upon  the  presence  of  one 
or  more  of  the  following  atoms  or  groups:  (1)  alkyl  groups, 
(2)  halogen  atoms,  (3)  ketone  or  aldehyde  groups.  Never- 
theless, there  are  so  many  factors  in^'olved  and  the  compounds 
show  such  wide  variations  in  activity  that  a  correlation  be- 
tween their  constitution  and  their  sleep-producing  properties 
is  still  impossible.  Urethane  and  voluntal  are  mild  in  action, 
of  low  toxicity,  and  require  to  be  given  in  comparatively 
large  doses;  whereas  the  others  are  stronger  in  action  and 
more  toxic,  but  are  effective  in  smaUer  doses.  The  sulfon- 
methane series  (sulfonal,  trional,  and  tetronal)  was  at  one 
time  extensively  used,  but  the  compounds  were  found  to 
have  deleterious  action  upon  the  heart  and  other  organs. 
Probably  no  hypnotic  has  ever  come  into  as  extended  use 
all  over  the  world  as  barbital.  Since  some  new  alcohols 
have  recently  become  available,  other  dialkylbarbituric 
acids  have  been  prepared  and  of  these  the  ?i-butylethyl  and 
the  isoamylethj'l  compounds  seem  to  be  best,  exceeding  by 
several  times  the  activity  of  barbital  itself.'^ 

Apparently,  the  investigations  of  hypnotics  have  not  been 
correlated  closely  enough  with  the  physico-chemical  methods 
available  for  testing  and   comparing  the  products.     Over 


twenty  years  ago  Overton"'  and  Meyer"  showed  that  in  a 
given  series  there  is  a  more  or  less  close  relationship  between 
physiological  activity  and  the  partition  coefficients  of  the 
compounds  between  fats  and  water,  and  they  illustrated  this 
relationship  by  experiments  upon  a  number  of  hypnotics 
which  were  known  at  that  time.  The  physiological  testing 
of  hypnotics  is  not  always  entirely  satisfactory  and  no  doubt 
this  difficulty  could  in  some  cases  be  overcome  by  simul- 
taneously carrying  out  physico-chemical  tests  as  suggested 
by  Overton. 

If  a  physician  were  asked  to  choose  the  most  valuable 
single  drug  at  his  disposal,  morphine  would  probably  be  his 
choice.  This  drug  has  a  host  of  uses,  one  of  which  is  as  a 
hypnotic.  The  elucidation  of  the  structure  of  morphine 
has  been  the  object  of  an  immense  amount  of  work,  par- 
ticularly by  Knorr,  Pschorr,  Freund,  Vongerichten,  and 
more  recently  by  Gulland  and  Robinson,"  but  even  to-day 
we  are  not  quite  sure  of  the  structure  of  certain  portions  of 
its  complex  molecule.  Morphine  is  a  dangerous  drug  to 
use,  not  only  because  of  its  toxicity,  but  also  because  of  the 
degrading  habit  formation  which  it  induces.  Doubtless 
some  portions  of  the  molecule  of  morphine  are  useless  and 
harmful,  and  it  is  most  likely  that  it  is  possible  to  synthesize 
more  simple  organic  compounds  which  would  produce  the 
effect  desu-ed  without  the  drawbacks  inherent  in  the  naturally 
occurring  alkaloid.  Cocaine  is  being  gradually  replaced  in 
this  manner  by  synthetic  local  anesthetics,  and  the  value  of 
a  similar  substitution  for  morpliine  would  be  inestimable. 

Surgical  operations  cannot  usually  be  performed  under 
the  ordinary  hypnotics  in  doses  in  wliich  they  may  be  safely 
employed.  What  would  be  desirable  is  a  safe  hypnotic  wliich, 
while  producing  a  natural  sleep  in  which  the  normal  body 
functions  are  undisturbed,  will  at  the  same  time  render  the 
patient  insensible  to  pain.  It  is  not  unhkely  that  in  the 
realm  of  synthetic  chemistry  some  day  will  be  discovered  a 
product  which  more  closely  approximates  the  ideal  hypnotic 
anesthetic. 

Benzyl  Esters 

Few  better  illustrations  of  how  the  chemist  proceeds  in 
his  attempts  to  discover  the  physiologically  active  nucleus 
of  a  naturally  occurring  drug,  and  then  follows  it  up  by  syn- 
thesizing a  more  simple  and  effective  substitute,  can  be  had 
than  the  development  by  Macht^°  of  the  use  of  benzyl  esters 
to  relieve  the  pain  caused  by  the  rhythmic  contractions  of 
m\'oluntary  muscle.  Papaverine,  one  of  the  alkaloids  of  the 
opium  group,  contains  a  substituted  benzyl  radical,  and  reason- 
ing from  this  fact,  Macht  investigated  the  action  of  simple 
benzyl  esters,  such  as  the  benzoate.  They  were  found  to 
possess  an  action  similar  to  that  of  papaverine,  less  compli- 
cated by  undesirable  side  actions,  and  the  products  are 
cheaper  than  papaverine.  This  discovery  was  soon  followed 
by  the  introduction  of  a  large  number  of  other  benzyl  esters, 
such  as  the  succinate,  stearate,  fumarate,  phosphate,  acetyl- 
salicylate,  etc.,  all  of  wliich  possess  more  or  less  important 
advantages  over  the  benzoate.  It  was  soon  discovered  by 
Wildman,-'  however,  tha^t  benzyl  ethers  produce  the  same 
relaxant  action  on  smooth  muscle,  and  recently  Kamm-- 
has  indicated  that  the  effect  exerted  by  benzyl  compounds 
is  not  specific  for  the  benzyl  group,  but  that  other  more  or 
less  unrelated  radicals  produce  the  same  action.  The  value 
of  benzyl  compounds  in  medicine  has  by  no  means  been 
definitely  decided.  Hailed  at  first  by  many  of  the  unin- 
formed as  being  perfect  substitutes  for  not  only  papa^-erine 
but  for  morphine  also,  they  have  in  many  cases  proved  dis- 
appointing and  their  use  has  now  practically  fallen  into  cer- 
tain well-defined  channels,  where  only  extended  clinical 
application   can  finally  determine  their  true  value. 
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Naturally  Occurring  Products 

The  lack  or  superabundance  of  certain  substances  occurring 
in  the  body  may  produce  most  profound  changes  and  ab- 
normalities in  our  well-being  and  physical  appearance.  Tliese 
substances  usually  occur  in  very  small  amounts  in  the  various 
glands  of  internal  secretion,  and,  in  general,  little  is  known 
concerning  either  their  mode  of  action  or  their  chemical 
identities .  Epinephrine  (adrenaline) ,  the  blood-pressure  rais- 
ing constituent  of  the  suprarenal  glands,  is  better  under- 
stood chemically  and  physiologically  than  any  of  the  others. 
Its  structure  is  definitely  known,  owing  to  the  painstaking 
and  excellent  investigations  of  three  chemists  in  America- 
Abel,  ."Udrich,  and  Takamine — and  not  only  is  the  pure 
naturally  occurring  product  available,  but  its  synthesis  has 
been  solved  and  the  sjmthetic  product  is  now  used  by  phj-si- 
cians  side  by  side  with  the  epinephrine  obtained  from  supra- 
renal glands.  Nearly  all  the  analogous  products  which  have 
been  synthesized  are  much  less  active  or  are  entirely  in- 
active, but  it  has  recently  been  stated  that  an  analogous 
naphthalene  derivative  is  forty  times  more  active  than 
epinephrine  itself.'-* 


H         <-- 
H  /H  \c/\c 

I  \oH, 


=C— CHiCHiCOOH 


HOl^       I     OH 
HO 

Epinephrine  (Adrenaline) 


>\J'\... 


To  Kendall-''  we  owe  the  greater  part  of  our  rather  ex- 
tended knowledge  of  the  active  principle  of  the  thyroid 
gland.  It  is  well  known  that  a  deficiency  or  excess  of  this 
active  constituent  produces  the  most  marked  effects,  not 
only  upon  the  health  of  an  individual,  but  also  upon  his 
physical  characteristics.  Certain  localities,  such  as  Italy, 
Switzerland,  and  our  Great  Lakes  region,  show  a  remarkable 
prevalence  of  certain  diseases,  often  goiter,  and  it  has  been 
shown  that  the  water  in  these  communities  is  deficient  in 
iodine.  Kendall  and  his  collaborators  by  their  remarkable 
work  have  not  only  isolated  the  pure  active  substance  (thj'- 
roxin)  of  the  thyroid  and  indicated  its  structure,  but  they 
have  made  good  progress  toward  its  sj-nthesis.  Some  of 
the  difficulties  encountered  maj'  be  imagined  when  it  is  noted 
that  the  thyroxin  molecule  is  not  only  quite  complex  in  itself, 
but  also  contains  several  asymmetric  carbon  atoms.  When 
this  problem  is  solved,  it  will  be  of  interest  to  determine 
what  portions  of  the  molecule  are  actuaUy  essential;  that 
iodine  must  be  present  is  certain. 

Our  knowledge  of  the  products  occurring  in  the  other 
glands  of  the  body  is  also  far  from  bemg  complete.  Tiie 
tiny  pituitary  body,  lying  at  the  base  of  the  brain,  is  the 
source  of  a  blood-pressure  raising  substance  which  has  long 
been  in  use  to  control  hemorrhage,  etc.  Abel-*  at  one  time 
beUeved  that  histamine  {4-imidazolylethylamine)  occurred 
in  some  combination  to  constitute  the  active  prhiciple,  but 
this  belief  seems  no  longer  tenable-'^  and  we  are  almost  as 
much  in  doubt  as  ever  as  to  its  true  nature.  The  successful 
solution  of  the  problem  promises  ample  reward  to  the  investi- 
gator who  can  accomplish  it. 

Probably  no  discovery  since  that  of  the  arsphenamines 
has  attracted  so  much  immediate  attention  as  that  of  insulin, 
used  in  the  treatment  of  diabetes.  Here  again  the  long  and 
painstaking  labors  of  many  biochemists  needed  only  the 
final  touch  of  a  keen  investigator  to  make  a  needed  and 
valuable  product  available — this  touch  being  supplied  by 
the  Canadians,  Banting  and  Best-'  and  their  collaborators. 


Insulin  is  obtainable  by  the  careful  and  rather  complicated 
extraction  of  the  Islets  of  Langerhans,  small  bodies  which 
exist  in  conjunction  with  the  pancreas  and  which  are  inti- 
mately concerned  with  the  metabolism  of  sugar.  By  daily 
injection  of  a  solution  of  insulin  even  hopeless  cases  of  dia- 
i)etes  may  be  so  relieved  that  the  patient  can  return  to  a 
fairly  normal  existence.  Not  only  are  we  ignorant  of  the 
composition  of  insulin,  but  we  do  not  eveii  know  whether 
the  active  constituent  is  a  protein  or  not.  Scores  of  bio- 
chemists have  labored  diligently  with  it  during  the  last 
two  years,  but  their  efforts  have  tended  mainly  toward  the 
isolation  of  a  fairly  pure  and  safe  extract;  the  surface  of 
its  chemical  investigation  has  not  even  been  scratched. 

To  these  few  naturally  occurring  therapeutically  valuable 
products  can  be  added  a  host  of  others,  and  we  know  far 
too  little  about  any  of  them.  The  vitamins  are  almost  as 
much  of  an  enigma  as  ever.  Digitalis  is  used  daily  as  a  heart 
stimulant,  as  is  strophanthin,  but  their  chemical  natures 
cannot  at  present  even  be  inferred.  Morphine  has  ah'eady 
been  mentioned,  but  of  most  of  the  alkaloids  we  know  far 
less  than  we  do  of  it.  An  mteresting  development  in  the 
treatment  of  leprosy  has  come  through  the  use  of  salts  or 
esters  of  the  acids  of  chaulmoogra  oil,  obtained  from  the  seed 
of  a  tropical  tree.  Leprosy  is  a  disease  to  which  lower  ani- 
mals are  not  susceptible  and  the  investigations  of  its  cure  in 
man  have  lagged  because  proposed  remedies  could  not  be 
pharmacologically  tested.  It  is  not  claimed  that  the  salts 
or  esters  of  two  of  the  acids  of  chaulmoogra  oil — namely, 
chaulmoogric  acid  and  hydnocarpic  acid — are  really  satis- 
factory for  the  treatment  of  leprosy,  but  they  represent  the 
best  means  at  present  available.  These  acids  differ  from 
any  previously  known  fatty  acids  in  containing  a  five-mem- 
bered  carbon  ring.  The  dotted  lines  in  the  formulas  indi- 
cate that  the  points  of  attachment  of  the  bonds  are  unknown. 


CHs — (CH2)iiCOOH    HC — H — C— CHiCCHs) 9COOH 


HaC CHi 
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COXCLUSION 

The  foregoing  brief  discussion  includes  only  a  few  of  the 
types  of  substances  employed  in  medicine.  There  are,  of 
course,  many  other  series  which  have  found  application  for 
specific  purposes  in  medical  practice,  and  the  chemical  and 
physiological  problems  connected  with  them  are  just  as 
important  and  needful  of  solution  as  any  of  those  indicated 
in  the  foregoing  discussion.  The  tendency,  of  course,  is 
to  press  on  to  discover  products  of  therapeutic  value  in  new 
fields,  but  the  old  ones  must  not  be  abandoned  until  our 
knowledge  about  them  is  far  more  complete  than  at  present. 
The  practice  of  medicine  can  be  placed  upon  a  more  rational 
basis  by  a  clearer  understanding  of  the  relationships  existing 
between  chemical  constitution  and  physiological  action, 
and  a  closer  cooperation  between  the  chemist,  pharmacologist, 
bacteriologist,  and  clinician.  It  seems  that  endowed  in- 
stitutes for  chemico-medical  research,  such  as  the  Rockefeller 
Institute  in  New  York  City,  have  the  greatest  opportunities 
for  performing  the  fundamental  research  necessary  to  lay 
a  sound  basis  for  future  progress.  Until  there  is  such  a  basis, 
there  wiU  always  be  products  introduced  on  the  market  which 
should  never  be  there,  and  other  products  of  real  value  will 
be  passed  by  without  real  trial.  As  recently  pointed  out  by 
Hirsclifelder,  cooperation  by  the  manufacturer  is  needed 
so  that  leads  suggested  by  the  pharmacologist  may  be  properly 
utOized;  but  equally  important  is  the  need  of  obtaining  com- 
plete pharmacological  tests  of  substances  which  have  been 
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prepared  by  the  chemist,  and  which  frequently  languish  and 
slowly  die  because  their  therapeutic  value  has  never  been 
definitely  decided. 

Beside  the  advances  along  the  lines  already  explored  will 
come  investigations  in  new  channels.  The  armamentarium 
of  the  chemist  has  not  only  been  strengthened  by  new  or- 
ganic compounds,  such  as  the  new  alcohols  now  commercially 
available,  but  theoretical  chemistry  is  continually  placing 
at  his  disposal  new  methods  for  producing  substances  which 
neither  nature  nor  man  has  previously  employed.  What 
we  may  expect  in  the  future  in  the  treatment  of  disease  is 
measured  by  the  industrj-,  resourcefuhiess,  and  cooperation 
of  those  concerned. 
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Note  on  Quantitative  Biichner  Filter' 


By  R.  J.  Cross 

Stanford  University.  Calif. 


THE  quantitative  Biichner  filter  herein  illustrated  was 
designed  for  use  in  filtering  and  washing  the  phospho- 
tungstic  precipitate  in  the  Van  Slyke  nitrogen  dis- 
tribution determination.  However,  it  has  proved  so  con- 
venient in  filtering  and  washing  other  bulky  precipitates 
with  a  mimimum  of  solution  that  separate  mention  is  here 
made  of  it.  The  chief  improvement  lies  in  the  use  of  a  re- 
taining glass  or  porcelain  cylinder,  B,  which  holds  the  filter 
paper  down  firmly  on  the  grid  of  an  ordinary  Biichner  funnel, 
.4.  The  ground  joint  at  R  is  made  by  using  as  a  blank  a 
metal  cylinder,  preferably  of  cast  iron,  whose  end  has  been 
faced  off  in  a  lathe.  The  exterior  diameter  of  this  blank  is 
larger  than  that  of  the  cylinder  B  and  its  interior  diameter 
smaller.  The  annular  chamiel  at  R  is  cut  by  applying  a 
httle  carborundum  and  w^ater,  and  rotating  the  blank  back 
and  forth.  This  material  cuts  the  porcelain  quite  rapidly, 
and  it  only  requires  a  few  minutes  to  produce  a  true  surface 
aU  the  way  around.  The  end  of  the  retaining  cyUiider  B 
is  ground  true  in  the  same  way. 

In  the  smaller  sizes,  especially,  it  is  convenient  to  make 
the  wooden  base,  K,  wide.  The  filter  may  then  be  supported 
on  an  iron  ring,  and  all  danger  of  its  being  upset  removed. 
Upon  completing  a  filtration  the  nuts,  F,  are  loosened  and 
clamp  C  slid  back  from  B.  A  watch  glass  or  other  retainer 
may  then  be  placed  over  B,  and  the  whole  filter  inverted. 
By  blowing  through  the  stem  of  the  funnel  the  filter  and 
contents  are  loosened  from  the  grid  and  are  quantitatively 
removed  with  B. 

Attention  should  be  called  here  to  the  added  convenience 
in  using  flat  joints,  as  at  J,  instead  of  the  usual  ring  or  rubber 
stopper.  The  pressure  being  downward,  a  joint  of  this  kind, 
of  rubber  on  glass,  is  easily  made  quite  tight,  whereas  much 
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time  is  often  wasted  in  trying  to  make  rubber  stoppers  tight. 
Further,  the  suction  flasks  found  in  the  average  laboratory 
are  a  miscellaneous  lot — no  two  alike — but,  if  they  are  all 
ground  flat  on  top,  any  filter  may  be  used  with  any  funnel. 


Vertical  Cross  Section  through 
Quantitative  Bijchnbr  Filter  _ 


The  WTiter  has  also  made  many  vacuum  distillations  and  has 
found  that  the  use  of  flat  joints  with  rubber  gaskets  ha.? 
greatly  facilitated  the  work  owing  to  absence  of  leakage. 
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Chemistry  in  the  Control  of  Plant  Enemies 

New  Achievements  and  Future  Possibilities 

By  Walter  Collins  O'Kane 

Crop  Protection  Institute,  Durham,  N.  H. 


NOTHING  is  more  important  in  human  weKare  than 
protection  from  the  mjTiads  of  minute  enemies  in 
the  plant  and  animal  world.  In  thLs  chemistry  is 
now  taking  a  leading  part  and  is  certain  to  make  extraordinary- 
development. 

Bj'  the  very  nature  of  the  case  this 
must  be  so.  The  whole  tendency  of  man 
is  to  flock  together,  to  subjugate  the  liv- 
ing world  and  make  it  yield  sustenance, 
shelter,  and  all  else.  In  vast  areas  this  has 
been  going  on  for  hundreds,  or  even  thou- 
sands, of  years.  In  other  wide  spaces  it 
is  only  beginning.  The  tendency  is  as 
strong  as  human  nature  itself,  and  it  is 
constantly  assuming  concrete  shape. 

So  it  is  that  the  human  race  is  the 
great  upsetter  of  the  natural  balance  in 
nature.  We  cut  down  forests,  pull  out 
the  stumps,  plow  the  land,  and  plant  a 
hundred  thousand  acres  of  potatoes. 
We  break  up  the  sod  of  a  million  acres 
of  prairie  and  seed  it  all  down  to  wheat. 

.\11  this  is  necessary  and,  apparently, 
is  going  to  continue  and  to  increase.  The 
same  number  of  acres  that  supported  a 
man  and  his  family  must  come  to  sup- 
port a  score  or  a  hundred,  who  are  wautek  ct 
working  to  make  other  things  that  the 
man  and  his  family,  and  many  others  besides,  want  and 
need. 

We  cannot  do  this  and  expect  natural  forces  to  protect 
from  harm  the  altered  conditions  that  we  have  brought  about 
in  our  fields  and  gardens.  A  microscopic  organism  that  would 
cause  a  rust  spot  on  a  wheat  plant  might  blow  about  in  the 
wind  and  never  find  a  suitable  plant,  if  wheat  grew  only  as 
single,  isolated  specimens,  scattered  here  and  there  in  the 
midst  of  other  vegetation.  But  that  same  microscopic 
organism  developing  on  a  plant  in  a  thousand-acre  Dakota 
field  cannot  fail  to  find  a  suitable  host  on  which  to  develop. 
.\  beetle  with  black  and  orange  stripes,  hunting  for  wild 
potatoes  in  mountain  highlands,  may  fuid  the  chances  a 
thousand  to  one  against  it.  But  the  same  beetle  in  a  Michi- 
gan potato  field  needs  a  dose  of  poison  to  put  an  end  to  its 
career. 

The  increased  price  of  a  product  is  bound  to  make  it  possible 
to  spend  money  to  raise  it  successfully,  if  it  is  something 
that  human  beings  need,  or  want,  or  think  they  want.  There 
is  no  more  doubt  about  that  than  there  is  about  the  rising 
of  the  sun  to-morrow.  And  it  is  quite  certain  that  the  demand 
for  foodstuffs  with  which  to  support  life,  for  the  products 
that  make  life  pleasurable,  and  even  for  those  that  bring 
luxiu'y,  is  not  going  to  fall  off. 

The  means  of  avoiding  losses  from  the  various  miiuite 
enemies  can  take  many  forms.  At  the  beginning  the  methods 
are  sure  to  be  crude  and  laborious.  The  o-svner  of  the  potato 
patch  goes  through  it  with  a  stick  in  his  hand,  knocks  the 
potato  beetles  off  onto  the  ground,  and  tramps  on  them. 
But  presently  he  carries  a  pail  with  him  as  he  goes  down  the 


row,  pours  a  cupful  of  kerosene  into  the  pail,  and  knocks 
the  beetles  into  this  improvised  device  where  the  touch  of  a 
drop  of  the  liquid  will  finish  off  the  pest,  thus  saving  time 
and  energy  and  rendering  his  task  more  efficient.  He  has 
turned,  as  he  should,  to  chemistry. 

It  is  a  long  step  from  this  crude  proc- 
ess to  the  spraying,  dusting,  and  fumi- 
gating that  are  now  helping  us  to  raise 
crops.  But  it  is  not  a  long  step  in  time. 
The  last  twenty  years  have  seen  the 
greater  part  of  the  development,  and  a 
period  much  shorter  than  that  has  wit- 
nessed a  large  proportion  of  the  more 
important  discoveries.  The  field  is  rela- 
tively new,  as  work  in  chemistry  goes, 
and  the  progress  that  has  been  made  is 
only  a  fraction  of  that  which  has  been 
achieved  in  other  lines  where  the  de- 
mands of  industry  on  the  resources  of 
the  chemist  were  stronger. 

Witliin  these  few  years  striking  ad- 
vance has  been  made  and  materials  have 
been  developed  that  not  only  are  impor- 
tant in  themselves,  but  may  rightly  be 
taken  as  forerunners  of  the  progress  that 
is  sure  to  follow.  It  is  interesting  and 
.INS  O'Kane  suggestive   to    consider   some   of    these 

developments. 

/)-DlCHLOROBENZE\E  FOR  Pe.\CH  BoRER 

Take  the  peach  borer,  for  example.  There  has  been 
hitherto  no  satisfactory  control  of  this  pest.  Recent  work 
in  New  Jersey  has  shown  that  p-dichlorobenzene,  applied 
in  a  ring  near  the  trunk  of  the  tree  and  covered  with  soil, 
affords  efficient  and  economical  control.  Several  hundred 
thousand  trees  have  now  been  treated  through  two  or  three 
seasons  and  the  method  is  a  proved  success.  Other  possi- 
bilities of  the  substance  are  now  being  studied. 

Sulfur  Spr.ws 

Sulfur  was  one  of  the  first  elements  ever  to  be  used  for 
the  control  of  plant  diseases.  Within  the  memory  of  most 
of  us  a  chemical  combination  of  sulfur  and  lime  came  into 
use  as  a  spray  to  kill  scale  and  to  help  control  certain  fungous 
diseases.  But  nobody  knew  precisely  how  the  thing  worked. 
It  would  act  in  certain  fashion  under  one  set  of  conditions, 
but  in  other  manner  under  other  circumstances.  It  was 
like  a  rifle  that  could  shoot  a  bullet  a  long  distance,  but  could 
not  always  be  aimed,  and  sometimes  missed  fire. 

Within  the  year  much  of  this  mystery  has  been  cleared 
up  and  a  possible  means  of  controlling  and  enlarging  the 
utility  of  sulfur  has  been  discovered.  It  has  been  found 
that  in  the  changes  that  lime  sulfur  undergoes  after  it  has 
been  applied  as  a  spray,  a  new  substance  is  formed  which 
is  the  reaUy  active  agent  in  control  of  plant  diseases.  Fur- 
thermore, ways  have  been  found  which  promise  to  make  it 
possible  to  control  the  formation  of  this  substance  and  at 
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the  same  time  to  take  lime  sulfur  out  of  the  class  of  spraj-s 
that  burn  foliage  and  place  it  in  the  class  of  those  that  can 
be  used  quite  safely  in  large  amounts  and  in  hea\y  concen- 
tration. 

Sodium  Fluoride  for  Roaches 

Among  the  oldest  of  insect  pests,  as  the  geologists  measure 
time,  are  the  roaches.  Preliistoric  man  may  not  have  stayed 
long  enougli  in  one  place  to  be  bothered  by  them,  but  we 
know  that  they  were  in  existence  in  those  remote  times  quite 
as  abundantly  as  they  are  now.  There  have  been  hundreds 
of  roach  powders,  pastes,  traps,  and  cures.  Some  of  them 
do  more  or  less  good.  But  recently  we  have  found  in  sodium 
fluoride  a  material  that,  rightly  used,  can  eliminate  roaches 
from  overrun  premises.  The  same  material  will  kiU  ants. 
And  so,  probably  for  the  first  time  in  history,  the  human 
species  can  easily  and  securelj^  rid  itself  of  two  prize  nuisances 
in  the  insect  world. 

Possibilities  of  IMercury 

Plant  pathologists  are  well  aware  that  in  handling  certain 
plant  organisms  in  the  presence  of  mercurj^  they  must  protect 
them  from  the  effects  of  its  vapors.  To  what  extent  can  this 
properly  be  utilized?  How  about  its  effects  on  animal  organ- 
isms, such  as  insects?  In  parts  of  India  there  is  a  tradition 
that  mercury,  exposed  in  a  tight  container  along  with  beans 
or  other  stored  products  on  which  the  bean  wee\il  has  laid 
its  eggs,  will  prevent  these  eggs  from  hatching.  American 
experimenters  have  put  this  tradition  to  the  test  in  recent 
trials  and  have  found  that  the  mercury  does  have  a  definite 
effect.  The  volatilization  of  the  mercury  is  presumably 
very  slow.  A  chemist's  balance  would  have  difficulty  in 
detecting  the  loss,  except  by  exceedingly  delicate  measure- 
ments. 

Control  of  Cereal  Gk.un  Ssiuts 

The  smuts  of  cereal  grains  have  offered  a  serious  problem 
to  the  expert  in  plant  diseases.  There  was  no  mystery  about 
the  cause  or  the  way  in  which  the)'  were  carried.  The  diffi- 
culty lay  in  proposing  a  means  of  control  that  would  be 
practical  on  a  large  scale.  Two  new  measures  are  among 
the  recent  discoveries.  The  first  of  these  turns  to  copper, 
a  metal  that  has  long  been  utilized  in  one  way  or  another  in 
fighting  plant  diseases.  The  other  lies  in  the  group  of 
organic  mercuric  compounds  that  have  been  developed  since 
the  beginning  of  the  World  War. 

Xew  Uses  for  C.uibox  Disulfide 

Carbon  disulfide,  used  for  many  j-ears  as  a  fumigant 
for  grain  weevils,  is  yielding  new  facts  as  a  result  of  further 
study,  backed  by  \ision  and  resourcefulness.  An  experi- 
menter, finding  mosquito  wrigglers  abundant  in  a  tub  of 
stagnant  water,  dropped  into  it  a  teaspoonful  of  carbon 
disulfide.  One  would  not  expect  any  marked  results,  since 
the  material  is  not  soluble  in  water,  except  in  slight  degree. 
But  in  a  minute  or  two  the  WTigglers  were  in  discomfort 
and  in  a  few  minutes  more  they  were  dead.  The  instance 
is  suggestive.  Other  experimenters  have  tried  an  emulsion 
of  carbon  disulfide,  greatly  diluted  with  water,  as  a  possible 
material  for  kUling  grubs  at  work  on  grass  roots.  Curiously, 
they  have  found  that  moderate  amounts  of  the  material, 
thus  emulsified  and  diluted,  bring  about  a  high  percentage 
of  kill. 

Insect  Baits  and  Repellents 

We  have  only  begun  to  ex-plore  the  possibilities  that  may 
lie  in  the  use  of  chemical  compounds  as  baits  for  noxious 
insects,  or  as  repellents.  Every  insect  is  a  bundle  of  auto- 
matic reactions.    ZMost  of  aO,  it  is  attracted  or  repelled  by 


odors.  This  response  largely  controls  the  movement  of  an 
insect  in  search  of  food  and,  therefore,  has  a  great  deal  to 
do  with  its  harmful  activity.  If  we  can  place  before  it  an 
effective  poison  and  can  add  to  our  dose  some  compound 
that  will  prove  sufficiently  attractive,  we  may  persuade  the 
pest  to  partake  of  our  offering.  Perhaps  we  can  attract 
it  away  from  the  plant  or  product  that  it  would  injure  in 
its  feeding,  and  persuade  it  to  eat  something  that  is  valueless 
while  at  the  same  time  working  its  own  destruction.  Thus, 
amyl  acetate  has  been  found  to  serve  as  an  attractive  in- 
gredient in  a  poison  bait  for  grasshoppers. 

But  that  is  only  a  beginning.  The  corn-ear  worm  has  a 
wide  range  of  food  plants.  The  adult  that  lays  the  eggs 
from  wliich  the  worms  hatch  is  attracted  by  corn  silk.  In- 
vestigators have  taken  strands  of  cotton  twine,  soaked  them 
in  the  juice  obtained  by  crusliing  corn  silk,  and  have  attracted 
the  moths  to  these  strands.  By  studjdng  the  composition 
of  the  sUk,  isolating  the  active  principle  that  attracts  the 
moths,  and  then  seeking  the  aid  of  chemistry  to  devise  a 
substance  that  will  simulate  this  ■  principle,  it  may  prove 
possible  to  devise  a  poison  bait  for  this  destructive  pest  that 
wiU  protect  our  vast  cornfields  from  the  tremendous  damage 
that  they  now  suffer  because  of  it.  If  tliis  can  be  done,  as 
appears  not  at  all  impossible,  we  maj'  be  able  to  follow  a 
similar  procedure  with  reference  to  many  other  devastating 
pests. 

But  the  work  and  the  possibiUties  do  not  end  there.  WTiat 
shaU  we  use  as  a  poison?  For  many  years  our  principal 
reliance  has  been  placed  on  arsenic  in  one  or  another  of  its 
compounds.  But  we  have  reason  to  beUeve  that  the  toxicity 
of  various  arsenical  compounds  to  insects  is  by  no  means 
in  direct  proportion  to  the  amount  of  arsenic  that  the  com- 
pounds contain.  Work  is  now  in  progress  which  is  intended 
to  throw  light  on  this  question,  to  help  us  to  learn  what  forms 
of  arsenic  become  most  toxic  within  the  digestive  tract  of 
insects  and  what  influence  may  be  exerted  by  the  physical 
character  of  the  material. 

We  have  observed,  at  times,  that  some  insects  appear  to 
be  repelled  by  the  presence  of  arsenical  poisons  on  the  plants 
on  which  they  were  feeding.  Recent  work  with  a  new 
invader,  the  Japanese  beetle,  goes  to  show  that  so  far  as 
this  insect  is  concerned  the  repellent  effect  is  probably  due 
to  the  discomfort  caused  by  the  irritating  character  of  the 
first  minute  amounts  of  poison  eaten.  Investigators  have 
tried  the  experiment  of  administering  with  the  poison  spray 
an  intestinal  sedative,  such  as  bismuth  subcarbonate.  Bee- 
tles fed  on  this  mixture  ate  more  of  the  poisoned  leaves; 
more  of  the  beetles  consumed  a  fatal  dose.  Administration 
of  bismuth  subcai'bonate  on  a  large  scale  would  not  be  prac- 
ticable. But  the  priuciple  involved  is  interesting  and  im- 
portant. 

Control  of  Thickness  of  Sprat 

There  is  a  big  question,  which  experimenters  are  only 
beginning  to  touch  on,  that  involves  the  addition  of  neutral 
or  subsidiary  materials  to  a  spray  in  order  to  render  it  more 
effective  through  altering  its  physical  qualities.  With  their 
assistance  it  may  be  possible  to  control,  not  only  the  covering 
qualities  of  a  spray,  but  the  thickness  of  the  film  deposited 
and  its  adhesive  qualities.  Conceivably,  we  may  come  to 
say,  before  long,  that  protection  of  apple  foliage  from  a 
certain  invading  plant  disease  will  require  a  film  so  many 
microns  in  thickness  persisting  through  so  manj'  days,  that 
less  than  this  wiU  be  ineffective,  and  that  more  wiU  be  a 
waste   of  material. 

Effect  of  Mixtures 

Most  of  our  spray  schedules  nowadaj's  caU  for  mixtures 
of  this  or  that.    We  need  to  apply  materials  that  will  accom- 
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plish  more  than  one  purpose  and  it  is  highly  advantageous 
to  do  this  in  one  operation.  However,  this  turns  the  spray 
barrel  into  a  chemical  laboratory.  Because  Ingredient  A 
is  effective  for  one  purpose  and  Ingredient  B  for  another, 
it  does  not  follow  that  A  and  B  mixed  together  will  retain 
their  valuable  characters  in  full  degree,  or  even  at  all.  They 
may,  instead,  gain  a  new  character  that  makes  them  highly 
harmful.  The  sprays  to  be  worked  out  for  the  future  must 
be  de\ised,  not  only  with  reference  to  their  individual  quah- 
ties,  but  with  reference  to  their  compatability  one  with  an- 
other. 

Unsolved  Problems 

In  many  of  the  new  fields  of  inquiry  we  cannot  even  lay 
claim  to  a  good  start.  Early  blight  once  started  in  a  potato 
field  can,  and  sometimes  does,  sweep  tlirough  it  so  rapidly 
that  the  ordinary  grower,  aware  of  the  existence  of  the  disease 
only  when  it  has  gained  headway,  cannot  stop  it  before  it 
has  utterly  destroyed  his  crop.  The  plant  pathologist, 
taking  it  in  time,  can  spray  and  check  it.  But  what  can  we 
offer  the  grower  that  will  prevent  infection? 

A  recent  list  prepared  by  a  committee  of  plant  pathologists 
gives  more  than  a  hundred  plant  diseases  carried  by  seeds. 


More  than  fifty  of  these  are  endophytes  living  within  the 
substance  of  the  seed.  Some  of  these  diseases  take  enormous 
toll  of  our  crops.  How  shall  we  treat  seeds  on  the  large 
scale  in  which  they  must  be  handled  in  farm  practice  and 
sterilize  them  successfully? 

Investigators  have  worked  diligently  to  discover  the 
cause  of  the  mosaic  diseases  affecting  various  plants.  We  do 
not  yet  know  what  the  cause  may  be.  Without  this  knowl- 
edge we  are  badly  handicapped  in  our  search  for  means  of 
control. 

In  certain  sections  of  the  East  a  serious  plant  enemy  has 
.become  established,  known  as  the  potato  wart  disease.  About 
the  only  recommendation  that  can  be  offered  the  grower  is 
to  change  to  varieties  of  potatoes  that  have  been  found  to 
possess  more  or  less  resistance.  We  need  to  discover  a  defi- 
nite and  specific  means  of  solving  this  and  other  equally 
unsolved  problems. 

Nine  times  out  of  ten,  perhaps  ninety-nine  times  out  of  a 
hundred,  our  constantly  increasing  reliance  in  all  this  must 
be  placed  on  discoveries  in  chemistry,  working  in  intimate 
alliance  with  the  biological  sciences,  with  plant  pathology, 
entomologj',  and  bacteriology.  It  is  an  enormous  field  and 
the  possibilities  are  equallj'  tremendous. 


Using  Excess  Power  to  Save  Coal 

Electrical  Generation  of  Steam  for  Heating  and  Process  Work 

By  E.  H.  Horstkotte 

General  Electric  Co.,  Schenectady,  N.  Y. 


OFF-PEAK  periods  of  demand  for  power  on  idle  days 
when  plants  are  shut  down  and  Sundays  and  holidays 
often  present  important  problems  in  fuel  economy  to 
plant  engineers  who  are  obhged  to  keep  steam  on  the  system 
for  heating  or  other  purposes.  Heretofore,  it  has  been 
necessary  to  keep  at  least  one  fuel-fired  boiler  in  action,  with 
the  attendant  expense  of  firemen,  to  say  nothing  of  the  fuel 
consumed.  Textile  mills,  chemical  plants,  manufactiu'ers 
of  pulp  and  paper,  and  other  industries,  including  central 
stations  from  whom  such  plants  purchase  power,  if  they  do  not 
make  it  themselves,  are  ahke  affected  by  this  problem. 

Description  of  Generating  Pl.\xt 

The  recent  development  of  practical  and  economical  means 
for  the  electrical  generation  of  steam  is  affording  an  interesting 
solution  to  this  problem  of  fuel  economy  through  the  use  of 
an  electric  steam  boUer  which  in  effect  may  be  said  to  form 
a  complete  steam-generating  plant  capable  of  operation  with 
minimum  attendance. 

Tlie  complete  equipment  consists  of  the  shell  with  support- 
ing feet,  the  electrodes,  insulators,  steam  and  water  gages, 
safety  valve,  circulating  pump  and  motor,  and  a  panel  on 
which  is  mounted  the  control  equipment  (Fig.  1). 

The  tank,  or  generator  shell,  is  mounted  vertically,  and 
divided  horizontaUy  into  two  compartments,  the  upper 
known  as  the  electrode  compartment,  where  the  actual 
generation  of  steam  takes  place,  and  the  lower  forming  a 
self-contained  hot  well.  Water  entering  the  hot  well  from 
the  feed-water  pipe  is  forced  into  the  upper  chamber  by  a 
motor-driven  centrifugal  pump  located  on  a  short  external 
pipe  line.  From  this  chamber  it  flows  back  into  the  hot 
weU  tlu-ough  a  number  of  small  holes  on  the  outer  circum- 
ference of  the  dividing  plate.     This  arrangement  provides 


a  continual  circulation  of  heated  water,  the  water  le\-el  in 
the  electrode  chamber  being  held  at  the  desired  level  by 
setting  the  valve  in  the  circulating  pump  discharge  fine. 

The  upper,  or  electrode  chamber,  where  the  steam  is  gen- 
erated, contains  three  large,  round,  iron  electrodes  rigidl}- 
supported  from  the  roof,  the  current-carrying  supporting 
rods  coming  in  through  specially  designed  insulating  bush- 
ings. These  bushings  are  provided  with  a  small  duct  in 
the  top  leading  to  the  outside  air.  Thus,  if  steam  does 
succeed  in  leaking  through  the  packing  into  the  upper  section 
of  the  bushing,  it  passes  out  freely  instead  of  creating  a 
pressure  that  might  blow  out  the  side  of  the  insulator. 

The  electrical  operation  resembles  that  of  a  three-phase 
arc  furnace.  Normally,  the  electrodes  are  submerged  in  the 
water,  and  the  three-phase  current  passes  tlirough  the  water 
to  the  sides  of  the  tank,  or  from  electrode  to  electrode.  The 
steam  is  generated  by  current  Qovnng  through  the  water, 
which  is  of  high  resistance.  The  temperature  of  all  the  water 
in  the  sj'stem  is  practically  uniform.  If  the  steam  pressure 
lowers  owing  to  an  increased  demand,  rapid  steam  generation 
due  to  the  high  temperature  of  the  water  and  tiie  degree  to 
which  the  electrodes  are  submerged  quickly  brings  the  pres- 
sure up  again. 

Another  operating  feature  is  that  since  the  water  level 
is  maintained  by  the  adjustment  of  the  throttle  of  the  circu- 
lating pump,  the  energy  consumption  of  the  generator  is 
not  dependent  on  the  operation  of  the  feed-water  pump. 
The  supply  of  water  in  the  hot  well  is  regulated  by  an  auto- 
matic feed-water  regulator.  Furthermore,  when  it  is  desired 
to  reduce  the  load,  the  generator  does  not  have  to  be  blown, 
which  means  that  water  does  not  have  to  be  pumped  in 
subsequently  against  full  pressure.  The  only  energy  losses 
in  the  circulating  pump  are  the  motor  losses  and  the  pump 
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and  bearing  friction  losses;  therefore,  all  energj'  delivered 
to  the  pump  e\Tiitually  goes  into  heat  in  the  water,  and  there 
is  no  wastage. 

The  control  equipment  consists  of  an  incoming  line  panel 
carrying  automatic  circuit  breakers,  necessary  metei's  and 
instrument  transformers,  and  the  control  apjiaratus  for  the 


Fig.  1 — Electric  Steam  Generator 

circulating  pump.  Since  the  Idlowatt  capacity  of  these 
Ijoilers  is  comparatively  large,  the  devices  used  on  the  board 
are  of  the  same  heavj-  construction  and  have  the  same  current- 
carrying  and  rupturing  capacity  a.s  those  used  for  similar 
duty  in  substations,  heavj^  feeder  cu-cuits,  tie  lines,  etc. 

S.\FETY  F.\CTOR 

Of  vital  importance  in  this,  as  in  all  apparatus  for  the 
jjroduction  of  steam,  is  the  safety  factor.  For  several  reasons, 
it  may  be  said  that  the  safety  factor  of  the  steam  generator 
is  even  greater  than  that  of  the  average  boiler,  highly  de- 
veloped as  the  latter  is.  The  safetj-  vah-e  takes  care  of  excess 
l)ressure,  as  on  the  standard  variety  of  boiler,  and  the  method 
of  protecting  the  insulators  has  been  described.  Further 
contingencies  are  taken  care  of  by  what  may  be  described 
as  the  interlocking  of  the  various  controls.  Suppose,  for 
example,  the  circulating  pump  ceases  to  function  from  voltage 
failure  or  other  cause.  The  water  in  the  electrode  chamber 
simply  drains  into  the  hot  well,  and  since  the  electrodes  are 
no  longer  submerged,  no  more  steam  is  generated.  On 
resumption  of  the  pumping,  since  there  is  no  hot  metal  surface 
in  the  electrode  furnace,  there  is  no  danger  of  an  explosion 
similar  to  that  due  to  a  hot  crown  sheet  in  a  boiler.  ]\Iore- 
over,  when  the  water  drains  out  there  is  no  danger  of  bm-ning 
any  part  of  the  electrode  chamber,  because  when  there  is 
no  water  no  heat  is  generated.  Too  high  a  level  of  the  water 
is  prevented  by  an  emergency  drain  of  large  cUameter  the 
top  of  which  is  some  distance  from  the  top  of  the  electrode 
chamber. 

Adv.\nt.\ges  of  Generator 

A  consideration  of  the  steam  supply  problems  of  industrial 
plants  has  disclosed  many  cases  where  the  steam  generator 


has  proved  a  \-aluable  adjunct  to  the  plant  equipment, 
either  in  utilizing  excess  electric  power,  formerly  wasted, 
or  in  providing  process  steam  directly  where  it  is  needed. 
In  paper  mQls  there  are  at  least  fifty-nine  daj's  in  the  year 
when  the  plant  is  idle;  yet,  a  supplj'  of  steam  must  be  main- 
tained for  various  purposes .  In  textile  mills  steam  is  necessary 
to  heat  the  plant,  when  the  motors  are  not  running.  Ordi- 
narily, this  means  that  a  certain  amount  of  steam  must  be 
kept  up  in  the  boilers  and  that,  in  addition  to  the  fuel,  necessi- 
tates the  presence  of  fu'emen  and  engineers  over  the  idle 
period.  The  electric  steam  generator  operates  practically 
without  attendance,  except  for  a  cursory  inspection  by  a 
watchman,  and  its  use  permits  the  banking  of  the  fires  if 
coal  is  used,  or  the  shutting  dowTi  of  oU-fu-ed  boilers  when 
the  plant  is  idle. 

IMany  mills  purchase  power  on  a  maximum  demand  basis, 
and  here  the  sa\ings  effected  by  the  steam  generator  are 
j  ust  as  tangible,  but  arise  from  a  different  cause.  Suppose,  for 
example,  a  factory  contracts  for  10,000  kilowatts  maximum 
demand.  It  is  possible  that,  owing  to  one  cause  or  another, 
the  load  factor  for  the  year  may  be  as  low  as  7.5  per  cent. 
In  such  a  case  2500  kilowatt-j-ears,  or  21,900,000  kilowatts 
are  being  paid  for  but  not  used.  By  installing  an  electric 
steam  generator  to  utilize  this  energy  the  fuel  bills  would  be 
cut  materially,  as  follows:  Assuming  a  coal-fired  boiler 
with  an  efficiencj-  of  65  per  cent  and  coal  mth  13,000  B.  t.  u. 
per  pound,  for  every  4953  kilowatt-hours  used  in  the  gen- 
erator, one  ton  of  coal  would  be  saved,  or  4421  tons  per  year. 
If  oil-fired  boilers  are  used,  operating  at  75  per  cent  efficiency 
and  using  oil  weigliing  S  pounds  per  gallon  with  18,700  B.  t.  u. 
per  pound,  for  every  32.9  kilowatt-hours  there  would  be 
saved  one  gallon  of  oil,  or  665,650  gallons  per  year.  These 
figures  are  calculated  on  the  basis  that  all  the  excess  energ>^ 
would  be  utilized.  If  onlj'  75  per  cent  were  so  utilized,  the 
savings  would  stDl  be  enough  to  more  than  justify  the  in- 
stallation of  a  steam  generator. 

In  addition  to  these,  other  possibiUties  have  presented 
themselves.  Central  stations  have  found  it  of  mutual  ad- 
A'antage  to  themselves  and  their  customers  to  instal  and 
maintain  one  of  these  generators  in  the  customer's  factory, 
metering  the  steam,  and  charging  the  customer  according 
to  the  amount  consumed.  Industrial  plants  supplied  viith 
power  by  their  own  hydroelectric  generating  stations  can 
use  the  excess  energy  available  during  high  water  periods 
to  generate  steam,  and  thus  save  fuel.  Another  field  is  in 
factories  needing  small  amounts  of  process  steam  at  widely 
separated  points.  It  would  be  much  more  economical  to 
instal  a  generator  at  the  point  of  utilization  than  to  transmit 
steam  for  long  distances  from  a  central  source  of  supply.  As 
time  goes  on  and  the  knowledge  of  the  advantages  of  the 
electric  steam  generators  is  more  widelj'  spread,  doubtless 
many  other  uses  will  be  found  which  are  at  present  unde- 
veloped. 

Four  instaDations,  totaling  15,000  kilowatts,  have  ijeeu 
made  of  this  system  of  steam  generation.  An  interesting 
feature  of  operation  in  one  plant  has  been  reported  by  a  user 
who  states  that  a  careful  check  has  shown  a  sa^^ng  of  between 
$50  and  .S60  per  day  in  coal,  when  the  electric  boiler  was 
in  operation.  This  plant,  which  obtains  its  power  hydro- 
electrically,  utilizes  excess  power  available  dming  the  high 
water  periods  in  the  spring  and  fall  of  the  year.  Another 
plant  operates  the  boiler  as  an  auxUiarj-  to  the  main  power 
plant  when  excess  power  is  available  and  also  for  such  oi>- 
eration  on  Sundays  as  is  necessary. 

A  2500-kilowatt  unit  is  being  installed  in  northern  \ew 
York  State  for  the  heating  of  a  number  of  school  buildings 
from  a  central  heating  plant.  The  electric  boUer  will  furnish 
steam  for  this  purpose  from  h>-droelectric  power. 
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Purifying  Industrial  Water 

By  D.  H.  KUleflfer 

19  East  24th  St.,  New  York,  N.  V. 


WATER  is  our  most  important  industrial  raw 
material.  No  industry  can  operate  without  using 
water  in  some  form  at  some  point  in  its  processes, 
rour  general  classes  of  uses  may  be  recognized  in  which  water 
■owes  its  importance  to  its  solvent  action,  its  high  latent 
heats  in  steam  and  ice  production,  its  high  heat  capacity  in 
heat  transfer,  and  its  mechanical  properties  as  in  the  pro- 
duction of  hydroelectric  power,  the  operation  of  hydraulic 
presses,  and  other  similar  mechanical  operations.  In  the 
fii-st  two  of  these  uses  the  composition  of  the  impurities  present 
in  the  water  becomes  important,  and  it  is  with  these  that 
the  present  discussion  will  deal. 

As  to  its  source,  water  may  be  classified,  in  the  order  of 
its  purity,  as  distilled,  rain  and  snow,  surface  water  from 
streams  and  shallow  wells,  deep  well  water,  and  sea  water. 
Distilled  water  naturally  contains  no  impurities  except  dis- 
s<ilved  gases,  unless  carelessly  prepared,  and  hence  need  not 
be  subject  to  purifying  treatments.  Rain  and  snow  waters 
contain  minimum  impvu-ities  and  are  the  most  sought  for 
industrial  waters.  Unfortunately,  supplies  of  either  are 
too  uncertam  and  too  meager  to  meet  the  needs  of  industry. 
Water  from  streams  and  shallow  wells  generallj'  is  of  sufficient 
purity  for  industrial  use.  The  objections  to  surface  waters 
are  based  on  the  wide  fluctuations  of  both  quantity  and 
quality  which  occur  during  the  course  of  the  year.  Their 
quantity  depends  upon  rain  and  snow,  which  are  widely 
variable,  and  their  quality  depends  upon  the  character  of 
the  soil  over  which  the}'  jiass,  as  well  as  upon  their  velocities. 
In  ciuahty,  surface  waters  vary  from  a  close  approach  to 
the  ideal  of  rain  water  to  extremely  hard,  calcareous  water 
in  the  limestone  regions  and  to  extremely  alkaline  waters 
in  the  arid  regions  of  the  West.  Deep  wells  are  most  fre- 
quently calcareous  in  character,  although  they  may  vary 
through  wide  ranges  depending  on  the  character  of  the  rock 
fonnations  through  which  they  pass.  Deep  weUs  and  springs 
coming  from  great  depths  possess  uniform  clarity,  with  few, 
if  any,  exceptions,  which  property  distinguishes  them  from 
surface  waters  that  are  frequently  muddy  from  excessive 
rainfalls.  Sea  water,  with  which  might  also  be  classed  some 
of  the  western  alkali  waters,  contains  principally  salts  of 
sodiiun  and  potassium  with  smaller  amounts  of  alkaline  earth 
metals. 

In  industrial  operations  four  prmcipal  points  are  raised 
as  to  the  nature  of  the  impurities  in  water:  its  freedom  from 
suspended  matter,  its  freedom  from  dissolved  salts  of  calcium, 
magnesium,  and  the  hea^'y  metals,  its  freedom  from  excessive 
amoimts  of  salts  of  the  alkali  metals  and  other  dissolved 
matter,  and  its  freedom  from  permanent  acidity — i.  e.,  acids 
other  than  carbonic.  Upon  these  points  depends  the  useful- 
ness of  water  after  tlie  question  of  volume  available  has  been 
settled. 

Suspended  Matter 

Suspended  matter  is  objectionable  wherever  water  is  used, 
as  it  clogs  pipes,  erodes  the  vanes  of  turbines,  in  boilers  it 
becomes  a  part  of  any  scale  that  may  be  formed,  and  in  all 
washing  operations,  particularly  those  involving  fibrous 
materials,  it  becomes  firmly  enmeshed  in  the  material  washed 
and  prevents  the  completion  of  the  washing  operation.     H(jw- 


e\'er,  in  the  case  of  boilers  working  untler  \-ariable  loads  on 
extremely  pure  water,  the  absence  of  traces  of  suspended 
matter  may  increase  priming  to  an  alarming  extent.  Priming 
is  analogous  to  bumping  in  laboratory  operations,  and  results 
in  throwing  water  into  the  steam  lines  through  the  sudden 
formation  of  steam. 

Dissolved  Salts 

The  effects  of  dissolved  impurities  are  so  widely  different 
in  different  operations  that  they  will  be  discussed  in  con- 
nection wth  the  uses. 

Paper  Industry — The  largest  single  use  of  water  as  a 
solvent  is  probably  in  the  paper  industry.  Estimates  placed 
on  this  use  run  into  the  billions  of  gallons  per  day  on  the 
basis  of  the  fact  that  the  manufacture  of  each  ton  of  paper 
requires  from  50  to  200  thousand  gallons  of  water.  In  order 
that  the  paper  be  up  to  standard  in  all  respects,  it  is  necessary 
that  the  water  used  be  free  from  the  slightest  turbidity  and 
from  any  elements  which  are  likely  to  produce  insoluble  com- 
pounds with  any  of  the  reagents  used  in  the  processes  of 
manufacture.  Water  for  paper  manufacture  must  also  be 
free  from  color  and  from  salts  of  metals,  such  as  iron,  which 
might  produce  color  in  the  product.  The  principal  faults 
which  develop  in  papers  made  by  the  use  of  impure  waters 
are  undesirable  color,  improper  or  lumpy  size,  and  harshness 
in  some  of  the  finer  papers.  Aside  from  actual  faults  in  the 
paper  as  finished,  larger  quantities  of  bleach  and  of  alum 
(in  applying  the  size)  are  consumed  by  impure  water,  thus 
increasing  cost  of  manufacture.  Impurities  which  seem 
inconsiderable,  and  would  be  so  under  other  conditions, 
become  important  when  the  quantity  of  water  here  employed 
is  taken  into  consideration.  In  this  case  the  amount  of 
sodium  salts  in  the  water  is  relatively  unimportant  so  long 
as  the  objectionable  metals  are  removed.  The  presence  of 
organic  matter  in  the  water  used  by  the  paper  mill  is  to  be 
avoided  in  all  cases,  for  no  treatment  short  of  distillation 
has  been  de^•ised  for  removing  this  satisfactorily,  and  marked 
discoloration  is  caused  in  the  paper  produced  by  the  use  of 
water  so  contaminated. 

Fabric  Finishers,  Bleachers,  and  L.\undries — Here 
it  is  also  necessary  to  have  as  pure  water  as  it  is  possible  to 
obtain.  In  the  degumming  of  silk,  particularly,  the  soap 
solutions  must  be  prepared  from  water  free  from  metals 
which  produce  insoluble  compounds  with  the  fatty  acids 
of  the  soaps,  as  these  attach  themselves  fu-mly  to  the  fiber 
and  make  the  finished  silk  harsh  to  the  touch,  and  seriously 
affect  its  subseciuent  dyemg.  Wool  scouring  and  all  opera- 
tions involving  the  use  of  soap  must  take  place  in  water 
free  from  salts  of  calcium,  magnesium,  and  the  hea\y  metals, 
if  best  results  are  to  be  obtained.  In  bleaching  operations, 
it  is  also  necessary  that  the  water  be  as  free  as  possible  from 
organic  matter — such  as  is  frequently  found  in  shallow  wells — ■ 
since  such  matter  must  of  necessity  be  oxidized  before  the 
bleach  can  have  the  desired  effect  on  the  fiber.  The  boiling 
out  of  cotton  is  less  likely  to  be  affected  by  impiu'ities  in  the 
water  used,  but  even  here  it  is  necessary  to  have  absolutely 
clear  water  and  highly  desirable  that  it  be  free  from  hard- 
ness on  account  of  the  effect  tlissolved  salts  may  ha\'e  on  its 
subsequent  dyeing. 
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Dyeing — In  the  dychouse  the  faults  of  earlier  mistreat- 
ment given  the  fabric  are  developed.  Streaky  dyeing  is 
often  the  result  of  the  presence  of  insoluble  salts  in  the  fabric 
or  of  the  influence  (either  in  resisting  or  mordanting  the 
dye)  of  mineral  salts  left  in  the  fabric  from  previous  treat- 
ment. The  water  of  the  dye  bath  must  be  free  from  elements 
which  would  precipitate  the  dye.  This  condition  is  only 
to  be  satisfied  in  all  cases  by  perfectly  neutral  water  free 
from  calcium,  magnesium,  or  the  heavy  metals. 

Chemicals — In  strictly  chemical  operations,  where  water 
is  used  as  a  solvent  from  which  to  crystallize  other  substances, 
the  purity  of  the  product  is  essentially  dependent  on  the 
purity  of  the  water  used.  For  this  reason  it  is  almost  uni- 
versal practice  in  the  preparation  of  pure  reagents  and  chem- 
icals to  use  distilled  water.  In  some  cases  it  is  possible  to 
use  natural  waters  which  are  practically  free  from  dissolved 
sohds,  and  in  others  softened  water  may  be  used,  but  in  gen- 
eral the  presence  of  even  minute  amounts  of  impurities  is 
sufficient  to  disqualify  a  water  for  this  use. 

Steasi  Production — Steam  production  becomes  actually 
dangerous  where  very  hard  waters  or  those  containing  large 
amounts  of  dissolved  salts  are  used.  The  use  of  hard  waters 
in  boilers  is  not  only  an  economic  crime,  but  an  actual  danger 
to  operators  of  steam  plants.  The  formation  of  scale  on 
the  heating  surfaces  of  boilers  causes  immediate  reduction 
in  the  heat  conductivity  of  those  surfaces,  resulting  in  un- 
necessary losses  of  fuel,  and,  if  the  scale  becomes  thick  enough 
and  cracks,  may  cause  dangerous  explosions.  The  presence 
of  large  amounts  of  dissolved  solids,  particularlj^  the  soda 
alkalies  and  organic  matter,  in  boiler  feed  water  is  no  less 
a  source  of  danger  from  the  fact  that  foaming  and  priming 
in  the  boiler  are  likely  to  result  in  exposing  crown  sheets 
and  thus  cause  explosions.  This  danger  is  also  less  easy 
to  overcome,  and  while  many  remedies  have  been  proposed, 
few  short  of  distillation  have  been  found  which  will  cure  any 
but  the  mildest  cases.  Scale  formation  is  less  important 
in  locomotive  boOers  than  in  stationary  plants,  since  other 
causes,  which  do  not  affect  stationary  boilers,  make  necessary 
the  complete  cleaning  out  of  locomotive  boilers  at  short 
intervals.  However,  the  extremely  variable  load  on  loco- 
motives, which  may  change  by  several  hundred  per  cent  of 
itself  in  successive  minutes,  makes  them  particularly  hable 
to  foaming  and  pruning.  Boilers  in  ocean-going  steamships 
are  less  liable  to  the  difficulties  of  other  boilers,  because  it  is 
necessary  to  operate  them  in  connection  wth  efficient  con- 
densing systems  which  reduce  the  amount  of  raw  water  needed 
to  a  low  minimum,  and  even  the  make-up  water  is  distilled. 
Vessels  on  fresh  water  do  not  lend  themselves  to  the  use  of 
water-treating  plants,  and  consequently  boiler  compounds 
are  often  used  in  them  where  necessitj-  may  require  it. 

Condensers  and  Ice  Making — Cooling  water  used  for 
condensers  need  possess  no  other  essential  quality  than  low 
temperature,  although  excessively  muddy  water  is  to  be 
avoided.  Where  water  is  frozen  to  ice,  the  quantity  of 
dissolved  solids  becomes  important.  Aside  from  the  lower- 
ing of  the  freezing  point  which  comes  from  dissolved  sub- 
stances, the  presence  of  excessive  amounts  of  soluble  im- 
pui'ities  causes  cloudy  ice  by  being  precipitated  or  crystal- 
lized from  solution  as  the  water  freezes.  Until  quite  recently 
it  has  been  practice  to  distil  all  water  used  for  this  purpose, 
but  the  increasing  commercial  use  of  artificial  ice,  as  distinct 
from  its  domestic  use,  and  the  development  of  efficient 
water-softening  apparatus  have  made  possible  the  use  of 
treated  water  for  this  purpose.  The  absence  of  salts  of 
calcium,  magnesium,  and  the  hea\y  metals  is  imperative 
and  a  reduction  of  the  other  dissolved  substances  to  a  mini- 
mum is  necessary  before  undistilled  water  can  be  successfully 
used  for  ice  manufacture. 


Removal  of  Suspended  Matter 

Turbidity  is  removed  from  natural  water  by  ordinary 
processes  of  filtration.  The  most  usual  type  of  equipment 
used  for  this  purpose  is  the  ordinary  sand  filter.  Where 
plentjf  of  space  is  available,  gravity  filters  are  used  which 
consist  of  large  beds  of  quartz  sand  tlu-ough  which  the  water 
is  passed.  Municipal  water-treating  plants  are  probably 
the  best  examples  of  this  type  of  apparatus.  Here  the 
filter  consists  of  a  large,  comparatively  shallow  tank  contain- 
ing a  sand  layer  several  feet  in  thickness  and  provided  with 
strainers  at  the  bottom  through  which  the  filtered  water 
passes  to  storage.  Gra\'ity  is  depended  upon  to  force  the 
water  through  the  filter.  Bactericidal  doses  of  chlorine  are 
usually  added  to  the  water  before  filtration  to  reduce  its  bac- 
terial content,  and  aluminium  sulfate,  with  or  without 
precipitating  doses  of  alkah,  is  added  to  coagulate  the  sus- 
pended matter  and  increase  the  efficiency  of  the  filtering 
operation.  The  sand  filter  beds  become  clogged  in  the  course 
of  time  and  are  washed  at  convenient  intervals  by  forking 
the  sand  while  water  is  passed  through.  Pressure  sand 
filters  are  frequently  employed  wiiere  space  is  limited.  These 
consist  essentially  of  a  sand  bed  in  a  tank  so  arranged  as  to 
permit  pressure  to  be  apphed  to  increase  the  rate  of  flow. 
In  this  type  of  filter  the  thickness  of  the  layer  of  sand  is 
proportionately  greater  than  its  area — just  the  reverse  of 
the  usual  gravity  filter.  In  this  case  washing  is  effected  by 
forcing  a  flow  of  water  back  through  the  filter.  Coke,  char- 
coal, and  other  types  of  sand  sometimes  replace  quartz 
sand  entirely  or  in  part,  but  the  preferred  material  in  most 
cases  is  pure  quartz  sand.  The  use  of  hmestone  or  marble 
chips  is  sometimes  convenient  where  water  high  in  acidity 
is  to  be  treated. 

Removal  of  Dissolved  Salts 

Two  methods  of  removal  of  objectionable  dissolved  salts 
are  in  common  use,  the  lime-soda  ash  precipitation  method 
and  zeolite  interchangers.  Both  depend  for  their  efficiency 
on  the  formation  of  an  insoluble  salt  of  the  objectionable 
metal  and  its  replacement  by  sodium. 

Precipitation  Method — The  precipitation  method  is 
carried  out  either  hot  or  cold  as  the  circumstances  may 
indicate,  and  consists  essentially  in  adding  to  the  water 
precipitants  for  the  calcium  and  magnesium  salts  and  filter- 
ing off  the  precipitate  before  use.  Lime,  either  quick  or 
hj'drated,  soda  ash,  and  sometimes  trisodium  phosphate  are 
the  reagents  most  frequently  employed.  Lime  neutrahzes 
any  acidity  in  the  water,  especially  carbonic  acid,  and  pre- 
cipitates calcium  from  bicarbonate,  which  it  converts  to 
the  insoluble  carbonate.  For  this  purpose  it  is  preferred 
to  soda  ash  or  other  neutrahziiig  agents  because  it  actuaUy 
reduces  the  amount  of  dissolved  solids  in  the  water  by  being 
itself  precipitated.  Magnesium  is  also  precipitated  as  hy- 
droxide by  the  lime  treatment.  Soda  ash  is  used  to  pre- 
cipitate calcium  from  salts  other  than  bicarbonate  by  con- 
verting it  to  the  insoluble  carbonate.  Sometimes  part  of  the 
soda  ash  is  replaced  by  trisodium  phosphate,  where  the  water 
treated  is  high  in  magnesium,  to  insure  its  complete  removal. 
Other  reagents  have  been  employed  in  special  cases,  especially 
barium  salts  to  remove  sulfates,  but  in  general  precipitation 
plants  use  only  soda  ash  and  lime,  which  suffice  for  the  treat- 
ment of  the  great  majority  of  hard  waters. 

These  precipitation  reactions  may  be  carried  out  either 
hot  or  cold.  Ordinaiilj%  the  cold  process  is  preferred  in 
spite  of  the  comparatively  slow  settling  of  precipitates.  The 
hot  process  gains  in  the  speed  of  precipitation,  but  the  in- 
creased solubility  of  the  precipitates  in  hot  water  is  often  a 
disadvantage.  When  preheaters  are  used,  it  is  frequent 
practice  to  place  these  before  the  precipitating  system  in 
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order  to  reduce  the  calcium  bicarbonate  hardness  of  the 
water  before  treatment.  The  ease  with  which  calcium  bi- 
carbonate breaks  down  in  hot  water  to  carbon  dioxide  and 
calcium  carbonate  is  thus  utilized. 

The  equipment  of  a  precipitation  water  softener  consists 
of  three  essential  pieces  of  apparatus,  which  may  or  may  not 
be  combined  into  a  single  unit:  a  reagent  feeder,  a  reaction 
vessel  in  which  the  reagents  are  mixed  with  the  raw  water, 
and  a  means  of  sejiarating  the  treated  water  from  the  pre- 
cipitates. The  difference  between  the  hot  and  cold  processes 
is  that  the  former  is  carried  out  in  a  closed  system  and  the 
latter  in  an  open  one. 

The  reagents  are  dissolved  in  a  sufficient  quantity  of  water 
and,  in  the  case  of  continuous  softeners,  added  by  me- 
chanical means  in  a  fixed  proportion  to  the  raw  water  as  it 
goes  into  the  reaction  vessel.  In  discontinuous  systems 
this  is  not  necessary,  the  solution  of  reagents  being  run  into 
the  raw  water  in  the  reaction  vessel  from  a  dissolving  tank. 
If  sufficient  time  be  allowed  in  the  discontinuous  system  for 
the  precipitate  to  settle,  it  is  often  possible  to  do  away  vnth 
filters.  Any  type  of  filter  may  be  used,  but  sand  is  preferred. 
Continuous  processes  have  the  obvious  advantage,  however, 
of  requiring  less  space,  and  are  generally  more  efficient 
from  an  investment  point  of  view.  In  the  continuous  proc- 
ess, means  are  provided  for  feeding  the  reagents  from 
pump  or  other  device  operated  by  the  force  of  the  raw  water 
as  it  runs  into  the  reaction  chamber.  A  small  turbine  or 
water  wheel  is  placed  in  a  by-pass  from  the  supply  line  and 
is  so  regulated  as  to  drive  a  pump  which  supplies  quantities 
of  reagent  solution  directly  proportional  to  the  amount  of 
raw  water.  While  separate  units  for  precipitating  and 
settling  may  be  used,  it  is  common  practice  to  build  the 
reaction  chamber  as  a  vertical,  open  tube  in  the  center  of 
the  settling  tank.  In  this  case  the  water  mixed  with  the 
reagents  is  fed  into  the  top  of  the  reaction  chamber,  through 
which  it  flows  downward  to  the  bottom  of  the  settling  tank 
and  upward  in  that  to  a  filter  buDt  as  an  annular  ring  be- 
tween the  two  at  the  top.  The  flow  in  the  settling  chamber 
must  be  sufficiently  slow  to  permit  of  the  settling  of  the 
precipitates  in  spite  of  it.  The  filter  at  the  top  is  ordinarily 
operated  by  a  slight  head  of  water  in  the  reaction  chamber 
above  the  level  of  the  filter  overflow.  The  bottom  of  the 
tank  (usually  conical)  is  provided  with  means  for  removing 
precipitates  periodically.  The  flow  through  the  filter  is  also 
upward.  It  may  be  composed  of  any  fibrous  material  which 
mats  sufficiently  to  hold  the  precipitates,  or  it  may  even  be 
sand.  From  the  filter  clear  water  passes  to  storage.  The 
cubic  capacity  of  continuous  softeners  should  be  sufficient 
to  allow  as  complete  settling  as  possible.  Usually  they  are 
designed  to  hold  four  to  six  hours'  supply  of  water. 

Zeolite  Interchangers — Essentially,  zeohte  softeners 
consist  of  filters  of  granular  sodium  aluminium  silicate  of 
such  a  character  that  the  sodium  ion  is  easily  replaced  by  an 
alkaline  earth  metal.  The  alkahne  earth  compounds  are 
insoluble  and  remain  in  the  filter,  but  thej'  can  be  reconverted 
to  the  sodium  compounds  by  passing  in  an  excess  of  sodium 
chloride  solution.  As  installed,  the  equipment  consists  of 
one  or  more  softening  tanks  in  which  the  zeolite  filters  are 
placed  and  a  supplementary  tank  for  sodium  chloride  solution 
for  the  regeneration  of  the  zeohte. 

The  operation  of  these  plants  is  extremely  simple  and  re- 
quires little  attention.  The  raw  water  is  passed  continuously 
through  the  bed  of  zeolite  until  the  effluent  begins  to  show 
hardness  by  the  soap  test — i.  e.,  until  the  sodium  of  the 
zeolite  has  been  replaced  by  other  metals.  At  this  point 
the  zeolite  is  cut  out  of  the  system  and  regenerated  by  passing 
sodium  chloride  solution  through  it.  After  the  regeneration 
has  been  completed  the  excess  of  salt  solution  and  the  waste 
products  formed  are  washed  out  of  the  mass,  which  is  then 


ready  to  return  to  the  system.  This  operation  requires 
an  hour  or  less  for  completion  from  the  removal  of  the  zeolite 
from  the  system  until  its  return,  since  the  whole  thing  is 
accomplished  by  means  of  the  simple  turning  of  valves  con- 
trolling the  flow  of  water  and  solution.  Naturally,  continu- 
ous operation  can  be  had  only  by  the  use  of  two  such  soften- 
ers, but  where  relief  periods  are  permissible,  one  will  sufiBce. 

The  two  methods  are  identical  in  principle,  the  difference 
being  in  the  solubility  of  the  compounds  formed.  In  the 
precipitation  treatment,  complete  removal  of  hardness  is 
not  possible  on  account  of  the  shght  solubility  of  the  pre- 
cipitated calcium  carbonate  in  cold  water.  While  its  re- 
moval is  virtually  complete,  it  is  impossible  to  reduce  the 
hardness  below  one  grain  per  gallon  where  calcium  carbonate 
is  in  contact  with  the  water,  and  in  practice  it  is  seldom 
possible  to  go  below  three  grains  per  gallon  consistently. 
In  the  case  of  zeolite  softeners  the  limit  reached  in  practice 
is  so  low  that  no  hardness  can  be  detected  by  soap  solution. 
The  precipitation  method  actuallj'  reduces  the  amount  of 
dissolved  salts,  especially  where  a  large  part  of  the  hardness 
is  due  to  calcium  bicarbonate,  while  the  zeolite  softeners 
simplj'  exchange  sodium  for  other  ions  without  changing  the 
ionic  concentration.  This  latter  may  be  a  disadvantage 
where  the  water  treated  is  very  hard  and  is  used  for  a  boiler 
where  foaming  and  priming  may  be  of  importance.  Variation 
in  the  hardness  of  the  water  treated  causes  a  corresponding 
inverse  variation  in  the  capacity. of  the  zeolite  equipment, 
but  must  be  equaUzed  by  variations  in  the  quantity  of  re- 
agent added  to  precipitators  without  changing  their  capacity. 
Frequently  it  is  practice  to  precede  zeolite  softeners  by  lime 
precipitators  to  remove  the  calcium  bicarbonate  hardness 
where  this  factor  would  greatly  reduce  their  capacity  other- 
wise. Their  usefuhiess  is  greatest  in  treating  water  of 
medium  or  low  hardness  to  produce  extreme  softness  in  the 
treated  water,  as  in  laundry  operations.  Any  considerable 
amount  of  sodiimi  salts  in  the  raw  water  nullifies  the  action 
of  the  zeohte,  and  iron  and  manganese  in  the  raw  water 
form  compounds  vrith  the  zeolite  which  are  not  regenerated 
by  sodium  chloride  solution.  Otherwise,  there  are  no 
particular  limitations  on  their  use.  Precipitation  softeners 
possess  the  advantage  of  ha\-ing  their  capacities  unaffected 
by  variations  in  the  hardness  of  the  water  treated,  they  re- 
duce the  ionic  concentration  of  dissolved  matter,  and  they 
are  equally  eflnicient  in  treating  all  waters.  Their  chief 
disadvantage  consists  in  the  necessity  of  close  control  to 
compensate  for  variations  in  the  raw  water  and  to  guard 
against  the  addition  of  excesses  of  reagents  which  may  be  as 
objectionable  as  the  constituents  they  are  designed  to  remove. 

Treatment  of  Boiler  Water — In  the  case  of  boiler 
water  a  special  type  of  treatment  is  frequently  used  which 
gives  even  better  results  in  many  instances  than  either 
of  the  foregoing  methods  and  at  less  expense.  This  con- 
sists in  introducing  treatment  directly  mto  the  boiler  itself. 
In  this  way  all  equipment  investments  are  eUminated  and 
some  of  the  treatments  which  can  be  applied  in  this 
way  are  more  efficient  than  those  used  in  other  equip- 
ment. Treatment  of  electrolytic  corrosion,  which  may 
result  from  the  presence  of  appreciable  quantities  of  soluble 
or  hydrolyzable  salts  (magnesium  cliloride),  by  the  addition 
of  metallic  zinc  to  the  boiler  itself  has  been  very  successful. 
Foaming  can  frequently  be  treated  in  this  way  which  may  be 
even  aggravated  by  other  treatments.  This  field,  however, 
is  a  fertile  one  for  quacks  of  various  kinds,  whose  nostrums 
vary  all  the  way  from  utterly  innocuous  mixtures  to  positively 
and  dangerously  harmful  ones.  Some  few  firms  have  given 
the  subject  careful  thought,  however,  and  have  achieved 
remarkable  results  where  other  methods  have  failed.  This 
subject  is  such  a  special  case  of  water  treatment  that  it  cannot 
be  given  the  full  discussion  it  deserves  here. 
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Mechanical  Stokers  and  the  Chemical  Industries 

By  Walter  H.  Wood 
Combustion  Engineering  Corp.,  43  Bro.vd  .St  ,  Xew  York,  N.  Y. 


THE  use  of  lueeluiiiical  stokers  as  a  means  of  supply- 
ing heat  for  the  numerous  and  varied  processes  in 
the  chemical  industries  has  not  as  yet  been  given 
\Trj-  serious  consideration.  There  may  possilsly  be  several 
reasons  for  this. 

First  of  all,  competition  among  stoker  manufacturers  has 
been  quite  keen  in  the  past,  and  the  sales  efforts  have  natu- 
raUy  been  directed  along  the  line  which  offers  the  least 
resistance.  Since  the  use  of  stokers  in  steam  generating 
]ilants  has  presented  a  favorable  and  fully  developed  field 
to  the  stoker  manufacturer,  it  is  hardly  reasonable  to  suppose 
that  a  manufacturer  would  spend  much  time  or  effort  in  the 
development  of  a  new  and  uncertain  field  in  the  face  of 
e.xistiug  competition. 

Another  reason  why  stokers  have  not  foimd  general  appli- 
cation among  the  chemical  industries  lies  in  the  fact  that 
many  of  the  chemical  processes  are  more  or  less  intermittent, 
requiring  the  application  of.heat  at  a  definite  rate  for  a  certain 
l^eriod  of  time,  followed  by  a  period  of  no  heat  demand.  In 
order  that  a  stoker  and  its  furnace  may  perform  their  func- 
tions vrith  the  best  economy,  the  stoker  should  operate 
fairly  uniformly  and  -nithout  frequent  interruption.  Other- 
wise, the  fuel  on  the  stoker  wiU  at  one  time  be  burning  with 
an  insufficient  amount  of  air,  resulting  in  loss  due  to  the 
evolvmg  of  unburned  combustible  gases,  and  at  another 
period  of  time  there  will  be  more  aii-  supphed  to  the  fuel  bed 
than  is  necessarj'  for  economical  bm-ning  of  the  coal  in  order 
that  the  furnace  temperature  may  be  brought  up  to  the 
desired  point  riuickly.  For  this  reason  oil  and  gas  fuid  a 
more  ready  apphcation  in  the  chemical  processes  than  do 
mechanical  stokers.  If  it  were  possible  to  conceive  of  a 
stoker  and  fiu'nace  operating  continuously  and  delivering 
the  products  of  combustion  of  the  fuel  through  channels 
to  the  chfferent  places  where  heat  apphcation  is  required, 
the  stoker  might  find  a  pretty  general  use  in  chemical 
industries.  It  would,  of  course,  be  necessary  to  pro\ide 
dampers  for  directing  the  heated  gases  through  different 
channels  and  at  the  same  time  to  regulate  the  amount  of 
heat  delivered  at  any  gi\-en  point,  and  it  would  also  be  neces- 
sarj'  to  have  a  sufficient  number  of  places  where  the  heat 
would  be  used  to  enable  the  stokei  to  be  operated  at  a  fairly 
constant  rate  and  at  the  same  time  have  the  heat  derived 
from  the  fuel  used  without  undue  waste.  There  might  be 
times  diu-ing  such  method  of  operating  when  the  heat  gen- 
orated  in  the  furnace  would  not  be  required  in  the  various 
processes,  and  at  such  times  the  heat  might  be  appUed  in 
heating  water  for  use  about  the  plant,  or  possibly  as  an  aux- 
iliary means  of  generating  steam  for  use  in  engines  and 
turbmes.  If  such  an  apphcation  of  stokers  in  the  chemical 
industries  is  possible,  it  would,  of  course,  mvolve  the  develop- 
ment of  a  load  cm-ve  for  a  given  process  which  would  insure 
against  unnecessary  waste,  and  enable  the  stoker  and  furnace 
to  operate  at  a  point  of  maximum  efficiency.  Such  an 
arrangement  would  result  in  good  economj-  in  the  use  of 
the  fuel  and  might  afford  a  means  of  reducing  to  some  extent 
the  labor  about  the  plant. 

Stoker  application  somewhat  along  tliis  line  has  been  made 
with  verj-  satisfactory  results  in  some  of  the  oil  refineries. 
The  stokers  have  been  used  for  furnishing  heat  to  oil  stills, 
but  no  attempt  has  been  made  to  direct  the  gases  from  a 


gi\en  furnace  to  any  stills  other  than  the  one  served  bj*  its 
stoker. 

One  large  chemical  industry  has  done  a  considerable  amount 
of  experimenting  in  the  use  of  a  stoker  for  obtaining  the  oxide 
of  a  metal  from  its  ore  by  mi.xing  the  ore  with  anthracite 
fuel  and  burning  the  same  on  the  stoker.  There  is  not  much 
information  available,  however,  regarding  tliis  particular 
stoker  application. 

Efforts  have  been  made  to  apply  stokers  for  the  production 
of  carbon  dioxide  gas  for  use  in  certain  industries.  It  appears 
that  the  analysis  of  such  gas  should  show  at  least  16  per  cent 
carbon  dioxide  content  to  make  the  application  worth  while. 
This  field  might  become  attractive,  pro\-ided  the  carbon 
dioxide  content  can  be  maintained  sufficiently  high  and  all 
the  gas  from  the  fuel  bed  made  use  of,  and  at  the  same  time 
insure  against  waste  of  the  heat  generated  in  the  furnace 
when  the  fuel  is  burned. 

In  the  operation  of  a  forced  draft  chain  grate  stoker, 
especially  when  burning  anthracite  coal  as  a  fuel,  the  gases 
rising  from  the  fuel  bed  at  the  point  where  ignition  takes 
place  and  for  the  first  foot  or  two  thereafter  usually  contain 
a  very  high  percentage  of  carbon  monoxide.  It  might  be 
possible  to  so  arrange  a  furnace  equipped  with  such  a  tjT^e 
of  stoker  as  to  permit  of  withdrawal  from  the  fin'nace  of 
gases  running  high  in  carbon  monoxide,  which  gases  could  be 
used  as  a  reducing  agent  while  the  remainder  of  the  gases 
in  the  fmiiace  could  be  du-ected  into  the  boUer  for  the 
purpose  of  generating  steam. 

There  is  one  use  of  stokers  in  what  might  perhaps  be 
termed  a  chemical  industry,  which  has  proved  very  success- 
ful. The  great  majorit.y  of  the  furnaces  for  heat  treatment 
of  steel  in  this  country  are  equipped  with  stokers.  This 
application  has  residted  in  reducing  quite  material!}'  the 
labor  requu-ed  about  the  furnace,  at  the  same  time  giving 
a  much  more  uniform  product  than  can  be  obtained  bj'  hand 
firing. 

Ste.oi  Gexer.\tiox  the  Prixcip.\l  Field  for  !Mechanic.4l 
Stokers 

.,'Vnj'  use  to  which  tlie  mechanical  stoker  may  be  put 
in  the  chemical  industries  for  furnishing  heat  to  any  of 
the  processes  may  not  result  in  enlarging  the  field  for  the 
■stoker  manufacturer  to  any  verj-  considerable  ex"tent,  but 
there  is  one  very  important  application  of  mechanical  stokers 
to  almost  every  uidustry  wliich  uses  steam — and  that  is  in 
connection  vrith  boiler  fmiiaces. 

In  the  one  hundred  and  fiftj'  answers  to  a  questionnaire 
recently  sent  to  as  many  plants  of  chemical  industries, 
approximately  one-half  of  these  plants  reported  that  their 
furnaces  were  hand-fii-ed.  The  total  boiler-horse  power 
installed  in  these  hand-fired  plants  amounted  to  approxi- 
mately 300,000  boiler-horse  power.  From  this  it  is  evident 
that  in  the  chemical  industries  at  large  there  must  be  a  Tast 
number  of  steam  generating  plants  which  are  bemg  fired  bj- 
hand,  many  of  which  no  doubt  are  of  sufficient  size  to  make 
the  use  of  stokers  well  worth  while.  Up  to  the  present  time 
far  too  little  thought  has  been  given  by  the  management  of 
such  industries  concernmg  their  power  plants.  In  many 
of  the  industries,  such  as  paper  mills,  where  much  steam  is 
needed,  the  power  plant  has  in  the  past  been  thought  of 
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oiily  as  a  necessary  e\il,  and  little  consideration  has  been 
given  to  it  by  the  management  except  at  times  when 
for  some  reason  the  power  plant  fails  to  perform  its  function 
and  as  a  result  the  production  of  the  mill  is  stopped.  Usualh- 
at  such  times  the  management  is  none  too  complimentary- 


in  the  romarlcs  or  criticisms  of  the  power  plant  and  the  men 
operating  the  same.  These  power  plants  are,  as  a  matter 
of  fact,  the  heart  of  the  industry,  for  when  the  power  plant 
is  forced  to  shut  down  tlie  rest  of  the  plant  is  about  readx' 
to  do  the  same.  The  management  of  any  industry  should 
realize  that  the  power  plant  in  that  industry  is  one  of  it- 
several  important  departments,  which  should  be  given  just 
as  much  consideration  as  to  its  design,  equipment,  and  o])- 
eration  as  any  other  department  in  that  industry.  Such  a 
position  is  the  only  sane  one  for  a  management  to  take,  be- 
cause when  the  power  plant  as  a  department  of  the  industry- 
is  properly  designed  and  equipped  and  properly  operated, 
it  does  its  share  along  with  the  other  departments  in  tui-nin^ 
out  a  product  at  the  lowest  possible  cost. 

In  selecting  stokers  for  use  in  any  industry,  whether  that 
stoker  is  to  be  used  for  steam  generation  or  in  connection 
with  some  special  process,  there  are  several  points  which 
should  be  given  careful  consideration.  Chief  among  those 
may  be  mentioned  the  selection  of  a  stoker  best  suited  to 
burn  the  coal  which  is  available  at  the  plant  in  questimi 
In  case  more  than  one  variety  of  fuel  is  available,  a  stokei 
should  be  selected  which  will  give  the  lowest  steam  production 
costs  when  the  prices  of  the  coals  are  taken  into  consideration. 
In  many  instances  the  plants  are  so  located  that  both  anthra- 
cite and  bituminous  fuels  can  be  had  at  reasonable  prices, 
and  where  this  is  the  case  it  is  well  to  consider  the  use  of  the 
stoker  which  vnll  biu-n  one  of  the  fuels  economically  and 
which  will  be  able  to  make  use  of  the  other  fuel  with  at 
least  a  fair  degree  of  success  in  the  event  that  the  regular 


fuel  supply  should  be  interrupteil  on  account  of  strikes  and 
other  conditions,  or  if  the  price  differential  between  these 
\-iirieties  of  fuels  varies  enough  to  warrant  changing  from 
one  fuel  to  another. 

Geographical  Locatiox  of  Plants  and  Fuels  Available 

Different  sections  of  the  country  are  naturally  supplied 
^\itli  different  kinds  of  fuels,  and  usually  there  is  one  tyfie 
of  stoker  best  suited  for  burning  a  given  fuel.  For  example, 
the  anthracite  coals  are  burned  far  more  economically  on 
the  forced  draft  chain  grate  than  on  any  other  type  of  firing- 
machine,  and  with  this  machine  the  highest  possible  rates 
o  f  combustion  of  that  fuel  are  obtainable.  The  reasons  for 
this  lie  in  the  facts  that  anthracite  coal  must  not  be  agitated 
mechanically  or  disturbed  while  it  is  burning,  and  it  should 
be  burned  in  thin  and  very  even  fuel  beds.  The  chain  grate 
stoker  is  practically  the  only  type  of  stoker  that  fulfils  these 
conditions. 

The  natural  draft  chain  grate  does  not  answer  the  re- 
i]uirf  ments  of  an  anthracite  stoker,  because  when  the  anthra- 
cite fuel  bed  is  once  ignited,  the  fuel  should  be  burned  as 
rapidly  as  possible,  and  this  condition  can  be  accomplished 
only  by  supplying  air  for  combustion  to  the  fuel  bed  from 
beneath  the  same,  at  the  same  time  maintaining  practically 
atmospheric  pressure  in  the  furnace  above  the  fuel  becl. 
This  can  be  done  with  the  forced  draft  chain  grate,  but 
not  with  a  natural  draft  chain  grate  for  in  order  to  get 
the  necessary  air  through  the  fuel  bed  on  a  natural  draft 
stoker,  the  pressure  in  the  furnace  would  be  so  far  below- 
atnios])heric  that  ignition  of  the  fuel  would  be  quite  im- 
liossible  to  maintain.  Practically,  no  better  results  can  be 
hail  with  anthracite  fuel  on  any  stoker,  other  than  the 
forced  draft  chain  grate,  than  can  be  secured  by  hand  firing 
on  a  suitable  grate  with  an  ash-pit  blast.  The  chemical 
industries  in  sections  of  the  country  where  anthracite  coal 
can  be  had  at  reasonable  prices,  should,  therefore,  give  due 
consideration  to  this  type  of  stoker.  These  territories 
include  I^astern  Pennsylvania,  New  Jersey,  New  York,  the 
New  England  States,  and  parts  of  Canada.  It  might  be 
said  here  that  the  forced  draft  chain  grate  stoker  has  in  the 
past  four  years  become  quite  a  favorite  stoker  for  use  with 
the  bituminous  fuels  which  do  not  coke  to  any  great  degree, 


or  which,  if  they  do  so,  form  a  coke  which  is  soft  and  friable 
enough  while  it  is  burning  to  break  down  of  its  own  weight. 
Such  fuels  burn  out  quite  completely  on  this  type  of  stoker. 
But  there  are  certain  fuels  of  the  bituminous  variety,  es- 
l^ecially  those  semibituminous  coals  from  the  Clearfield  and 
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Cumberland  regions — in  fact,  most  Pennsylvania  semi- 
bituminous  coals  lying  east  of  the  Pittsburgh  seam — which 
are  not  burned  without  excessive  ash-pit  losses,  owing  to 
the  nature  of  the  coke  formed.  Coke  breeze  makes  as 
satisfactory  fuel  for  the  forced  draft  chain  grate  as  does  the 
anthracite    coal.     The    extensive    graphitic    anthracite    de- 


posits in  Rhode  Island  will  probably  be  developed  at  an 
early  date  as  a  som-ce  of  fuel,  experiments  being  under  way 
at  the  present  time  in  using  this  fuel  on  forced  draft  chain 
grate  stokers,  and  in  pulverized  fuel  furnaces.  Such  a  de- 
velopment wll  be  of  great  benefit  to  the  industries  of  New 
England  especially.  A  typical  forced  draft  traveling  grate 
stoker  is  shown  in  Fig.  1. 

The  semibituminous  fuels  rained  in  Permsylvania  to  the 
east  of  the  Pittsburgh  district  in  the  Connells\'ille  section, 
and  in  Cambria,  Clearfield,  and  Indiana  Counties,  as  well 
as  the  New  River  and  Pocahontas  and  Cumberland  coals 
from  West  Virginia  and  Maryland,  are  burned  to  the  best 
advantage  on  the  multiple  retort  stokers.  While  this  tyjje 
of  stoker  (Fig.  2)  is  particularly  weU  suited  to  the  semi- 
bituminous  fuel,  it  is  used  quite  extensively  for  burning  the 
better  grades  of  bituminous.  The  semibituminous  coals 
as  a  rule  are  low  in  ash  content  mth  volatile  matter  ranging 
between  16  and  26  or  28  per  cent,  and  usually  show  a  higher 
temperature  of  fusion  of  the  clinker  in  the  ash  than  do  any 
other  coals;  therefore,  high  combustion  rates  are  obtainable 
with  this  kind  of  coal,  and  at  the  same  time  httle  difficulty 
is  experienced  in  cleanmg  fires.  This  variety  of  coal  is  used 
principally  east  of  Pittsburgh  and  in  the  New  Englaml 
States.  The  low  ash  content  of  most  of  the  coals  of  tlii- 
kind  makes  their  shipment  on  the  long  hauls  to  New  Eng- 
land and  elsewhere  more  economical  than  the  shipment  of 
low  heat  value,  high  ash  fuels. 

The  bituminous  coals  are  quite  ^ideh'  distributed  in  groups 
over  the  country,  being  found  principally  in  Alabama,  West 
Virginia,  Pennsylvania  and  Ohio,  in  Illinois  and  Indiana. 
Kansas,  Oklahoma  and  Iowa,  in  Texas  and  Arkansas,  and 
in  Colorado  and  New  Mexico.  The  generally  accepted 
reason  for  classing  the  fuels  from  these  different  groups  as 
bituminous  coals,  is  that  their  volatile  combustible  content 
ranges  between  the  semibituminous  and  the  sub-bitummous 
fuels,  or  from,  say,  28  to  35  or  40  per  cent.  The  bituminous 
coals  often  contain  more  ash  than  the  semibituminous  coals, 
and  as  a  class  they  have  a  somewhat  lower  heat  value  and  a 
lower  fusing  temperature  of  the  chnker  in  the  ash.  Owing  to 
the  greater  amount  of  ash  in  bituminous  coals  and  to  the  lower 


fusiljility  of  the  same,  the  multiple  retort  type  of  stoker 
sometimes  has  difficulty  in  handling  these  coals  successfully. 
This  type  of  stoker  has  a  dump  grate  running  the  full  width 
of  the  furnace,  and  in  some  installations,  because  of  narrow 
aisles,  etc.,  it  is  impossible  to  get  a  chance  to  dislodge  clinkers 
from  the  bridge  walls,  which  may  adhere  to  the  same.  For 
this  reason  fuels  of  this  kind  are  -^-ery  often  handled  with 
greatest  success  on  the  underfeed  type  of  stoker,  such  as 
illustrated  in  Fig.  3.  In  most  underfeed  stokers  the  ash 
can  be  dumped  at  the  sides  of  the  furnaces,  and  if  clinkers 
adhere  to  the  brickwork,  this  occurs  along  the  side  walls 
where  the  cUnkers  can  easily  be  dislodged  and  removed. 
The  underfeed  stoker  is  generally  a  forced  draft  stoker,  and 
liiiih  capacities  and  efficiencies  are  obtainable  with  it  when 
liurning  bituminous  coals.  The  natural  draft  chain  grate 
stoker  (Fig.  -1)  has  also  been  used  quite  extensively  in  burning 
bituminous  coals,  especiaUj^  those  having  very  low  fusing 
temperatm'es  of  chnker  in  the  ash,  such  as  the  Illinois,  Ohio, 
Iowa,  and  Kansas  coals.  It  might  be  said  here  that  the 
forced  draft  chain  grate  stoker  is  used  quite  extensively  now 
as  a  firing  machine  for  these  fuels,  and  very  liigh  rating  and 
efficiencies  are  being  obtained  in  some  of  the  most  important 
jolants  in  the  Middle  West  with  this  stoker. 

The  sub-bituminous  coals  of  Wyoming,  Montana  and  other 
of  the  western  states  can  be  burned  with  only  a  fair  degree  of 
success  with  most  stokers,  except  with  the  forced  draft  chain 
grate  stoker,  which  is  showing  remarkablj^  liigh  ratings  and 
efficiencies  with  these  fuels.  The  low  temperature  at  which 
the  chnker  fuses,  running  often  as  low  as  1800°  F.,  does  not 
interfere  with  the  results  either  as  to  efficiency  or  capacity. 

Lignite  has  not  as  yet  become  one  of  the  principal  fuels 
of  the  countrj^  although  there  are  very  extensive  deposits 
of  this  fuel,  especially  in  Texas  and  North  Dakota.  In 
the  one  state,  oil  is  too  strong  a  competitor  as  a  fuel,  and 
in  the  other,  industries  are  not  developed  to  such  an  extent 
as  to  require  large  power  plants.  The  forced  draft  chain 
grate  stoker  burns  lignite,  with  perhaps  as  good  results  as 
can  be  obtained  with  any  of  the  other  stokers,  and  it  will  in 
time  probalily  be  the  principal  stoker  for  this  kind  of  fuel. 


In  concluding,  it  might  be  added  that  the  pulverized  fuel 
furnace  is  now  de\-eloped  to  such  a  degree  that  it  can  be 
used  with  practicaUy  any  coal  mined,  and  the  capacities 
and  efficiencies  obtainable  with  these  furnaces  are  higher 
than  those  which  can  be  secured  with  any  stoker.  It  may 
not  be  impossible  that  this  method  of  burning  coal  wiU  find 
application  in  many  of  the  chemical  industries,  as  a  means 
of  supplying  heat  for  all  kinds  of  process  work. 
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Electrical  Motors  for  Industrial  Service 

By  J.  L.  McK.  Yardley 
Westinghouse  Electric  &  Manufacturing  Co.,  East  Pittsburgh,  Pa. 


IT  IS  in  the  nature  of  a  major  accompli.shment  that  the 
multitudinous  industrial  operations  requiring  power  may 
practicaUy  all  be  supplied  through  proper  applications 
of  electrical  motors.  Not  only  this,  but  it  is  a  fact  that 
very  considerable  standardization  has  been  achieved,  and 
that  the  gamut  of  applications  is  economically  covered  by 
a  number  of  types  and  sizes  of  motors  which  is  comparatively 
insignificant.  Perceiving  the  chaos  which  would  result  from 
unguided  development  and  react  upon  industrial  progress, 
comprehensive  classes  with  logical  characteristics  and  ratings 
have  been  determined  upon  as  those  to  be  generally  manu- 
factured, from  which  intelligent  selection  may  be  made  for 
the  particular  appUcation  involved.  Preference  for  alter- 
nating current  over  direct  current  has  become  well  nigh  uni- 
versal, and  50  and  60  cycles  are  with  increasing  rapidity 
becoming  the  predominating  frequencies. 

The  present  satisfactory  situation  has  come  about  in  a 
natural  and  logical  way  as  a  result  of  a  number  of  definite 
facts,  chief  among  which,  perhaps,  is  that  50  or  60-cycle 
power  is  the  cheapest  and  most  economical  power  to  generate, 
transmit,  and  distribute,  which  is  at  the  same  time  very 
economical  and  flexible  to  apply  in  diverse  industrial  opera- 
tions. All  important  industries,  with  the  exception  of  the 
electrochemical  and  electrometallurgical  industries,  are  able 
to  use  alternating  current  in  by  far  the  major  part  of  their 
power-consuming  applications,  and  the  electrochemical  and 
electrometallurgical  industries  use  alternating  current  motors 
in  preference  to  direct  current  wherever  possible,  o\ving 
to  there  being  less  surface  of  copper  exposed  to  chemical 
action.  Here  and  there  an 
industrial  plant  or  a  whole 
corporation  such  as  the  Ford 
Motor  Company  has  settled 
upon  direct  current  owing  to 
its  extreme  flexibility,  and 
uses  nothing  but  direct  cur- 
rent motors.  These  are 
usually  cases  where  the 
power  is  generated  as  direct 
current  within  the  plant  and 
there  are  no  extra  trans- 
mission or  conversion  losses. 
There  are,  moreover,  a  num- 
ber of  power  apphcations, 
some  occurring  in  nearly 
every  industrial  plant,  for 
which  direct  current  is  es- 
sential or  generally  far  pref- 
erable. Those  wliich  may 
be  mentioned  include  fans 
and  blowers,  elevators, 
cranes,  rubber  calenders, 
paper  driers  and  calenders, 
reversing  rolling  mUls,  ad- 
justable speed  miUs,  such 
as  cold  rolls,  larry  cars,  in- 
dustrial and  mining  loco- 
motives, and  electrolytic 
cells.  Applications  for  which 
direct  current  is  legitimately 


preferable  or  necessary  are  those  in  which  great  speed  range, 
or  great  starting  torque,  or  frequent  reversal  is  required. 
Accordingly,  practically  every  industrial  plant  requires  or 
employs  at  least  a  small  amount  of  direct  current  equipment 
whether  or  not  the  major  part  is  for  alternating  current. 

Sixty-cycle  power  can  be  generated  at  the  lowest  first 
cost.  The  ordinary  inter-works  distribution,  or  short  dis- 
tance transmission,  of  50  or  60-cycle  power  is  as  cheap  and 
economical  as  for  25-cycle  power  except  when  very  heavy 
currents — 2500  amperes  and  above — are  to  be  carried  in 
one  circuit.  It  has  a  flexibility  as  to  permissible  normal 
motor  speeds  which  is  sufficient  for  the  great  majority  of 
industrial  plant  applications,  and  is  obviously  far  superior 
to  25  cycles.  In  addition,  the  higher  frequency  motor  for 
a  given  horse  power  and  speed  is  considerably  cheaper. 
Twenty-five  cycle  power  has  advantages  in  applications 
where  the  fundamental  speed  is  low.  The  following  normal 
speeds  (approximately)  are  obtainable  depending  upon  the 
number  of  poles. 


Motors  Obtain 

25   Cyc 

es 

50   Cycles 

60   Cycles 

able  for  60  Cycl 

R.p.M. 

R.p.M. 

R.p.M. 

Horse  Power 

1440  to  1500 

2880  to  3000 

3450  to  3600 

>/i  to       50 

720  to 

750 

1440  to  1500 

1720  to  1800 

'A  to     350 

480  to 

500 

960  to  1000 

1150  to  1200 

Vj  to     500 

360  to 

375 

720  to    750 

865  to    900 

i/j  to  1750 

288  to 

300 

576  to    600 

690  to    720 

7>A  to  .  .  . 

240  to 

250 

480  to    500 

576  to    600 

7>A  to   .  .  . 

205  to 

214 

410  to    428 

493  to    514 

...  to 

187.5 

360  to    375 

432  to    450 

...  to     ... 

385  to    400 

...  to 

...  to     ... 

345  to    360 

In   this  article  the   discussion 


Fig.  1 — Complete  Rubber  Calender  Installation 
Since  this  application  usually  requires  capability  of  adjustment  through 
a4  to  1  speed  range — that  is,  say,  from  283  tollSOr.p.m.  for  a  .50  h.  p  appli- 
cation to  from  175  or  200  to  700  or  800  r.p.m.  for  a  250  or  200 h.  p. applica- 
tion, direct  current  is  found  more  suitable  than  alternating  current;  and. 
in  the  larger  applications,  operation  from  double  voltage  circuits  is  found 
more  suitable,  in  order  to  reduce  expense  in  equipment  and  somewhat  better 
speed  regulation  with  varying  loads.  The  3- wire,  H5-230-volt  circuit 
for  this  purpose  is  usually  provided  by  a  250-volt  industrial  type  synchronous 


onvertc 
Motor 


rated  at  .50°  C. 


stant  torque  basis. 


of  electrical  motor.s  for 
industrial  service  will  be  con- 
fined to  the  60-cycle,  3- 
phase  motor,  at  standard 
voltages  of  220,  440,  and 
5.50  volts.  For  other  motors 
the  same  general  principles 
apply.  Large  alternating 
current  motors  in  all  indus- 
tries are  usually  at  440,  550, 
or  2200  volts,  or  may  even 
be  at  higher  voltage.  The 
textile  industry,  employing 
vast  quantities  of  small 
550-volt  motors,  may  be  cited 
as  perhaps  the  most  conspic- 
uous example  of  the  apphca- 
tion  of  relatively  high  volt- 
age in  small  motors.  It  is 
also  the  principal  exception 
to  the  very  general  adoption 
of  either  440  or  220  volts 
for  industrial  motors  for 
general  purposes. 

Temperature  Rating 

In  order  that  industry  may 
secure  the  benefits  of  uni- 
formity and  standardization 
in  motor  manufacture,  it  haa 
become  "recommended  prac- 
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Fio.  2 — Two  7o-H.  P.,  Type  "CS"  Motors  to  the  Left,  Geared  to 
Line  Shapts  from  Which  Are  Driven  Various  Machines.  To  the 
Right  Are  Two  oO-H.  P.,  Type  "CW"  Motors  Belted  to  Ammonia  Com- 
IN  THE  Same  Room 


tice"  that  an  open  type,  general  purpose  motor  shall  be 
capable  of  carrying  full  rated  load  continuously  with  a 
temperature  rise  not  exceeding  40°  C,  and  that  it  shaU 
be  so  designed  as  to  be  capable  of  carrying  sustained 
overload  (in  no  event  exceeding  50  per  cent  overload)  within 
a  temperature  of  90°  C.  measured  by  thermometer.  Many 
special  application  motors,  and  particularly  synchronous 
motors  and  large  induction  motors,  will  be  manufactured 
in  accordance  with-  generally  accepted  practice  for  such 
apparatus  so  as  to  be  capable  of  carrying  full  rated  load 
continuously  with  a  temperature  rise  not  exceeding  50°  C, 
and  will  not  be  so  designed  as  to  be  capable  of  carrying  sus- 
tained overloads  appreciably  above  full  rated  load  without 
exceeding  desirable  temperature.  This  method  of  rating 
is  a  common  sense  method,  being  based  upon  the  fact  that 
insulation  of  the  type  universally  employed  in  industrial 
motors  begins  to  deteriorate  if  operated  at  temperatures 
above  105°  C,  and  that  it  has  been  found  in  practice  that  a 
differential,  called  "conventional  allowance"  by  A.  I.  E.  E. 
standards,  of  15°  C.  is  likely  to  exist  between  the  temperature 
of  some  point  at  the  surface  of  the  conductor  and  the  highest 
obtainable  thermometer  measurement.  Furthermore,  it  pays 
to  analyze  power  requirements  more  thoroughly  in  installing 
a  large  motor  than  a  small  one,  so  as  not  to  have  excess  capac- 
ity which  win  never  be  used.  Power  requirements  are 
likely  to  vary  more  from  day  to  day  with  a  small  general 
purpose  motor  than  with  a  large  motor.  This  makes  sus- 
tained capacity  in  excess  of  normal  rating  more  essential 
in  the  general  purpose  motor.  Hence,  the  logical  outcome 
has  been  to  rate  general  purpose  motors  at  40°  C,  with 
some  greater  inherent  overload  capacity  than  the  larger 
and  special  motors  which  are  rated  at  50°  C. 
Advantages  of  Motor  Drive 
While  the  advantages  of  driving  mechanical  apphcations 
by  electrical  motors  are  so  universally  recognized  that  with 
hardly  an  exception  all  new  industrial  construction  is  com- 
pletely electrified  at  the  outset,  there  are  very  many  old 
mills  or  factories  now  completely  equipped  with  steam 
drive  which,  when  the  necessity  for  renewal,  extension, 
or  increased  production  in  the  same  space  arises,  must  view 
electrification  with,  utmost  practicality  and  adopt  it  only 
if  analysis  indicates  that  tangible  benefits  from  electrical 
drive  wiU  warrant  writing  off  corresponding  items  in  the 
plant  account,  representing  capital  already  expended.  It 
is  a  fact  that  analysis  shows  electrical  drive  to  be  truly 


Fig.  3 — IS-H.  P.,  Type  "CS"  Motor  to  the  Left,  Directly  Connected 
TO  Water  Circulating  Pump,  and  5-H.  P.  "CS"  Motor  to  the  Right, 
Belted  to  Preheater  Pump  in  a  Chlorine  and  Caustic  Soda  Plant 

economical  in  most  of  such  cases,  even  when  process  steam 
in  considerable  quantity  is  required. 

Motor  drive  eliminates  the  complicated  system  of  line 
shafts,  belts,  clutches,  and  pulleys.  This  system,  necessary 
with  steam  drive,  is  awkward  to  instal  and  expensive  to 
maintain;  it  requires  constant  attention  to  keep  it  in  working 
order;  it  wastes  a  large  amount  of  power  through  friction; 
and  it  makes  difficult  the  protection  of  operators  against 
unnecessary  risks  of  injury.  With  motor  drive,  each  ma- 
chine may  have  its  own  motor,  forming  a  compact  unit  that 
can  easily  be  safeguarded.  Production  is  increased  by 
motor  drive  because  each  machine  can  be  maintained  at 
its  proper  speed.  The  time  lost  on  account  of  shutdowTi  is 
materiaDy  reduced,  as  trouble  with  line  shafts  and  belts 
is  practically  eliminated.  Furthermore,  as  a  majority  of 
machines  ha-\'e  individual  motor  drive,  the  operation  as  a 
whole  is  usually  not  materially  affected  by  the  shutting  down 
of  any  one  machine.  A  motor-driven  plant  is  thoroughly 
flexible,  since  machines  can  be  arranged  in  any  desired 
location,  according  to  the  needs  of  production,  and  additions 
can  be  made  convenientlj'  and  readily,  so  as  to  conform 
with  the  original  layout.  With  engine  drive,  suitable  lo- 
cation and  arrangement  of  the  line  shafts  largely  govern 
the  mill  or  factory  layout  and  often  place  undesirable  limits 
on   it,   especially  where   extensions  are   to   be   considered. 

Electric  power,  being  readily  transmitted  long  distances 
to  widely  separated  buildings  and  process  operations,  may 
be  generated  at  a  point  removed  from  the  dust  of  plant  and 
located  convenient  to  condensing  water  and  fuel  supply. 
Power  charges  can  be  accurately  assigned  to  each  depart- 
ment, thus  improving  the  cost  system  and  encouraging 
increased  efficiency.  With  individual  motor  drive  an  am- 
meter can  be  used  with  each  machine.  This  meter  shows 
the  current  taken  by  the  motor,  and  since  the  current  con- 
sumption is  constant  or  varies  o\er  a  normal  range  under 
proper  operation,  irregular  meter  readings  indicate  at  once 
that  something  is  wrong  and  the  fault  in  the  operating  con- 
ditions should  be  corrected.  In  this  way  trouble  wliich 
might  otherwise  become  serious  before  discovered  can  often 
be  avoided.  In  addition,  the  current  consumption  will 
vary  with  the  adjustment  of  the  operating  part  of  the  ma- 
chinery being  driven,  so  that  the  meter  provides  an  accurate 
indication  as  to  the  character  of  these  adjustments  and  thus 
greatly  aids  in  the  production  of  the  desired  quaUty  of  ma- 
terial. 
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Fig.  4 — Engine  Type  Synchronous  Motor  Driving  Air  Compressor. 
Motor  Located  beyond  Danger  from  Corrosive  Fumes  of  Chemical 
Plants 

Electrification  includes  the  advantages  offered  by  the 
use  of  central  station  power.  In  most  cases  the  cost  of 
purchased  power  is  less  than  the  cost  of  power  generated  in 
a  pri\ate  plant,  when  all  the  factors  of  expense  are  taken 
into  consideration,  and,  furthermore,  the  incidental  ad- 
vantages are  of  much  value.  The  use  of  power  purchased 
from  a  central  station  results  in  a  much  lower  first  cost  of 
plant,  while  extensions  can  be  readily  made  and  the  time 
and  attention  devoted  to  supervision  of  the  power  plant 
can  all  be  given  directly  to  production. 

Electrification  of  existing  mills  and  factories  and  the 
substitution  of  electrical  motor  drive  for  steam  drive  is 
probably  held  back  more  by  insufficient  capital  than  by  any 
other  cause.  The  supply  of  capital  is,  of  course,  limited. 
Old  mills  wear  out  in  time.  Many  are  difficult  to  modify 
economically.  Executives  often  see  better  labor  conditions 
developing  in  a  new  locality.  So  long  as  the  old  mill  is  able 
to  continue  in  operation  at  a  profit,  despite  its  inefficiencies, 
better  business  judgment  often  decides  that  available  capital 
can  be  more  profitably  invested  in  an  entirely  new  property 
than  in  rejuvenating  an  old  one. 

In  connection  with  this  whole  matter,  it  is  well  to  ap- 
preciate the  progress  which  has  been  made  in  the  electrical 
motor  itself  since  the  day  when  it  was  still  general  practice 
to  build  steam-driven  plants.  It  should  be  reahzed  that 
this  progress  has  been  much  greater  than  the  correspondmg 
progress  in  steam  drive,  so  that  any  decisions  made  years 
ago  may  not  be  considered  final  as  between  systems  nor 
detrimental  to  universal  installation  of  electric  motor  drives. 
This  progress  is  well  illustrated  by  the  following  tabulation 
for  the  10  h.  p.  induction  motor: 


H.  p.    Poles    Type      Ye 


CS    May,  1922 


Effi- 
Weight  ciency    Bearings 


$350  (equivalent 
to  $1000  in  May, 
1922) 
$234 


1100     S3. 5     V/iXi', 


270     88. 5     1V<  X  4V< 


In  May,  1922,  prices  on  60-cycle,  squirrel-cage  motors  were 
only  18  per  cent  above  1914  prices,  although  labor  was 
80  per  cent  higher  and  many  materials  were  more  costly. 
With  weight  and  comparative  cost  reduced  to  a  fraction 
and  efficiency  increased  very  appreciably  in  the  past  twenty 
years,  the  electric  motor  itself  has  become  much  more  at- 
tractive economically;  and  since  its  reliability  has  also  be- 
come established,  it  is  the  chief  consideration  in  electrifica- 
tion. 


Fig.  5 — 7.5-H.  P.,  440-Volt,  3-Phase,  tiO-CYCLE  Motor  Driving_Potash 
Drier.  The  Speed  of  Motor.  685  R.  P.  M.,  Is  Changed  through  Re- 
duction Gear  to  50  R.  p.  M.  Control  Switch  Is  Mounted  on  Concrete 
Wall  Below 

Mechanical  Types  and  Kinds  of  Drive 

While,  from  an  electrical  point  of  view,  the  motor  has 
been  susceptible  to  standardization,  producing  a  uniformity 
which  tends  towards  economy  in  manufacture  and  in  the 
supply  of  power  to  it,  from  a  mechanical  point  of  view  the 
same  thing  has  not  been  possible,  owing  to  the  diversity  in 
the  mechanical  operations  in  industrial  plants,  for  which 
power  must  be  supplied.  Accordingly, .  we  have  direct- 
coupled,  flexibly  coupled,  geared,  chain-driven,  belted,  back- 
geared,  vertical  motors,  etc.  With  regard  to  methods  of 
drive,  the  fundamental  factors  determining  which  should 
be  employed  are  practically  the  same  in  all  industries. 
Briefly,  group  or  gang  drive  is  seldom  economically  justified, 
except  in  cases  where  the  group  or  gang  consists  of  a  com- 
paratively large  number  of  intermittently  used,  small- 
powered  applications,  aU  located  near  together,  so  that  the 
driving  motor  may  be  considerably  smaller  than  the  total 
connected  load,  and  the  amount  of  shafting  continuously 
running  is  not  excessive.  The  small,  general  purpose  ma- 
chine shop  is  perhaps  the  most  familiar  and  best  illustration 
of  this. 

These  usual  mechanical  types  in  general  purpose  industrial 
motors  will  be  discussed  in  particular  reference  to  some  ap- 
plications which,  for  mechanical  or  chemical  reasons,  exceed 
the  suitability  of  general  mechanical  tj^pes,  and  require 
something  special  m  the  electrical  design,  either  of  the 
motor  or  of  the  control  system.  The  rubber  calender  drive 
already  referred  to,  and  shown  by  Fig.  1,  is  one  of  those 
requiring  special  control. 

Electrical  Motors  for  Chemical  Plants 

The  smaller  mechanical  power  appUcations  in  chemical 
plants  of  all  kinds  frequently  require  sometliing  special  in 
the  motor  itself,  in  regard  to  its  insulation.  The  following 
substances,  frequently  found  in  the  atmosphere  in  mills, 
factories,  and  industrial  plants  of  all  kinds,  and  particularly 
chemical,  electrochemical,  and  electrometallurgical  plants 
where  the  substances  are  manufactured  or  used  in  quantity, 
are  injurious  to  insulation: 

(1)  Oil — splashing,  dripping,  or  flooding. 

(2)  Severe  moisture  conditions,  dripping  water,  steam,  high 
humidity. 

(3)  Carbon,   iron,   graphite,   coal,   coke,   and   abrasive  dusts. 

(4)  Nitric,  hydrochloric,  sulfuric  acid;  ammonia;  caustic 
soda  or  potash,  alkali  fumes. 

In  chemical  plants  or  by-product  coke  plants,  where  the 
acid  conditions  are  found  to  be  so  severe  that  a  considerable 
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amount  of  acid  will  condense  and  collect  on  the  commutator, 
it  is  not  advisable  to  use  direct  current  motors,  as  the  acid 
will  attack  the  commutator  and  interfere  with  successful 
operation.  The  critical  applications,  as  indicated,  are 
usually  the  small  ones.  Large  motors,  where  required  by  a 
large  machine,  or  economically  preferable  in  a  group  drive, 
are  usually  protected  to  a  degree  by  greater  distance  from 


Fig.  6— 5-h.  p. 
o  AN  Agitator 


Type  "CS"  Motor  Mounted   on  Wall,  and  Belted 
N  A  Caustic  Shed.     Note  Fumes  prom  Agitator 


the  injurious  substance,  by  being  placed  in  a  separate  room 
(Fig.  2)  or  by  being  specially  ventilated  with  pure  air.  Where 
acid  or  alkali  fumes  are  densest,  the  less  driving  mechanism 
to  be  attacked  the  better,  and  hence  the  more  direct  the  drive 
the  better.  In  some  applications,  therefore,  it  is  practically 
essential  that  the  motor  be  directly  connected  to,  or  very 
near,  the  source  of  dangerous  fume,  and  it  is  not  economical 
to  give  it  special  ventilation.  These  applications  practically 
all  come  within  the  capacity  of  a  5,  7.5  or  10-h.  p.  motor, 
or  thereabouts,  and  it  is  essential  that  motors  thus  applied 
have  special  protective  insulation.  These  motors,  and  in 
fact  aU  motors  so  far  as  possible  employed  in  the  four  classes 
of  service  indicated  above,  should  have  squirrel-cage  rotors, 
for  the  reason  that  such  rotors  can  be  readily  dipped  in  a 
protective  acid-resisting  varnish,  whereas  slip  rings,  neces- 
sarily exposed,  are  ever  subject  to  attack. 

The  insulation  employed  on  general  purpose  industrial 
motors  is  cotton  fibrous  material,  impregnated  with  a  sub- 
stance having  good  insulation  properties,  which  replaces 
the  air  between  the  fibers,  even  if  it  does  not  completely 
fill  the  spaces  between  the  insulated  conductors,  entirely 
covers  the  fibers,  renders  them  adherent  to  each  other  and 
to  the  conductor,  does  not  produce  interstices  within  itself 
as  a  consequence  of  evaporation  of  the  solvent  or  thi-ough 
any  other  cause,  does  not  flow  during  the  operation  of  the 
machine  at  full  working  load  at  the  temperature  limit  speci- 
fied, and  does  not  deteriorate  under  prolonged  action  of  heat. 
The  impregnation  is  an  insulating  varnish  of  linseed  oil  or 


asphaltum  base,  which,  when  baked  at  proper  temperature, 
hardens  while  it  retains  some  elasticity,  or  at  least  does  not 
become  brittle.  The  constituents  of  this  varnish  can  be 
varied  so  as  to  produce  a  product  little  affected  by  any 
of  the  destructive  materials  which  have  been  mentioned. 
The  cotton  fibrous  material  impregnated  in  the  winding  of 
the  general  industrial  motor  is,  however,  quickly  and  de- 
cidedly affected  unless  more  perfectly  coated  with  protective 
varnish.  Moreover,  under  any  of  such  conditions,  an  in- 
sulation of  higher  dielectric  strength  than  the  ordinary  is 
desirable.  Accordingly,  a  mica  and  fish  paper  WTapper  is 
substituted  for  the  treated  cloth  wrapper  immediately  ad- 
jacent to  the  conductors,  and  additional  dippings  of  im- 
pregnating and  coating  varnish  are  supplied  so  as  not  to 
leave  any  little  threads  of  fiber  extending  through  the  coating 
and  exposed  to  oil,  water,  abrasive,  or  especially  chemical 
action.  When  this  is  done,  the  motor  winding  is  found  to 
have  a  relatively  long  life. 

This  is  usually  accomplished  by  giving  an  increased  number 
of  dippings  of  thinner  varnish  and  bakings,  such  as  expe- 
rience indicates  is  necessary  to  produce  absolute  impregnation, 
sealing,  and  a  perfect  covering  which  is  hard  and  yet  some- 
what elastic.  These  extra  dippings  and  bakings  may  be 
given  wholly  or  in  part  to  the  coils  alone  in  the  case  of  open 
slot  motors,  or  they  must  be  given  to  the  entire  stator  in 
the  case  of  the  partially  closed  slot  motor.  In  the  former 
case,  coil  rieplacements  can  be  made  in  the  field,  while  in 
the  latter  case,  coil  and  end  connections  have  the  same  dips 
and  bakes  as  the  rest  of  the  stator.  Some  industrial  plants 
have  a  practice  for  further  protecting  motor  windings  under 
such  conditions,  which  consists  of  plastering  the  ends  and 
vents  with  a  mixture  of  asbestos,  plaster  of  Paris,  and  shellac. 
Xo  repairs  are  made  on  such  motors,  but  where  necessary 
they  are  rewound  completely.  Usually,  however,  dippings 
and  bakings  of  coils  and  motor,  if  properly  and  thoroughly 
done,  give  all  the  protection  that  is  necessary,  and  are  econom- 
ical. A  balance  must  be  struck  between  the  cost  and  re- 
liability of  repairs  with  such  treatment  as  can  be  given  on 
the  field  and  that  of  completely  rewinding. 

A  practice  which  is  worthy  of  recommendation  as  giving 
motors  exposed  to  these  conditions  all  the  protection  eco- 
nomically justified  or  desirable,  follows  a  schedule  of  treat- 
ment in  manufacture  approximately  as  follows : 

The  usual  standard  motor  of  open  slot  construction,  up  to 
25  or  50  h.  p.  at  600  volts,  being  treated  as  follows: 

Uninsulated  coil  given  at  least  one  dip  in  asphaltum  base 
varnish. 


Cage  Motor  Belted 
Fertilizer  Plant 


September,  1923 
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Fig.  8— 100-H.  P.,  440-V.:.i 
To  A  Kent  Mill  Used  for  Cr 
A   Conveyor 


.CLE   Mill  Motor  Belted 
Tms  Motor  Also  Drives 


Treated  cloth  wrapper  used. 

Insulated  coils  give  not  less  than  one  dip  in  linseed  oil  base 
varnish,  or  the  partially  closed  slot  construction  with  untaped 
end  windings  being  given  two  or  more  dips  in  asphaltum  base 
varnish,  the  special  conditions  mentioned  above  would  be  met 
as  follows : 

1 — Open  slot,  at  least  two  dips  linseed  oil  base  varnish  on 
uninsulated  coil,  fish  paper  and  mica  wrapper  not  less  than  two 
dips  same  varnish  on  insulated  coil. 

Partially  closed  slot,  end  windings  all  taped,  at  least  one  dip 
asphaltum  base  varnish,  followed  by  at  least  one  dip  linseed  oil 
base  varnish. 

2 — Open  slot,  same  as  No.  1. 

Partially  closed  slot,  same  as  No.  1,  except  all  dips  in  asphal- 
tum base   varnish. 

3 — Open  slot — recommended  construction — at  least  two  dips 
linseed  oil  base  on  uninsulated  coil,  mica  wrapper,  at  least  four 
dips  same  varnish  on  insulated  coil,  at  least  four  dips  on  whole 
stator. 

When  partially  closed  slot  motors  are  employed  in  this  service 
at  least  four  dips  asphaltum  base  varnish  for  the  completely 
wound  stator  are  recommended. 

The  special  purpose  to  be  accomplished  by  all  this  dipping 
and  baking  is  to  procure  a  smooth,  glossy  surface  with  no  breaks 
or  rough  spots  for  abrasive  dusts  to  act  upon,  and  to  give  in- 
creased dielectric  strength,  owing  to  materials  of  class  No.  3 
being  such  good  conductors.  Linseed  oil  is  hard  to  dry  where 
not  exposed  to  air,  and  when  not  perfectly  dry  its  insulating 


capacity  is  reduced.  Asphaltum  base  varnish  is  a  good  insulator 
whether  hard  or  not. 

4 — Open  slot — recommended  construction — complete  perfect 
coating  essential,  no  fibers  protruding;  varnish,  largely  plastic 
asphalt  with  some  hnseed  oil  and  gum — not  less  than  two  dips 
on  uninsulated  coil,  mica  wrapper,  not  less  than  four  dips  on 
insulated  coil,  not  less  than  six  dips  on  completely  wound  stator. 
This  varnish  has  good  filling  qualities  and  good  dielectric  strength. 
It  produces  a  fairly  hard  coating  of  sufficient  elasticity  and  un- 
affected by  these  atmospheric  impurities.  It  bakes  in  8  hours 
at  110°  C. 

Where  partially  closed  slot  motors  are  employed  in  this  service, 
a  total  of  at  least  six  dips  in  the  same  varnish  for  the  completely 
wound  stator  are  recommended. 

Chemical    Plant   Applications 
Liquor   Handling. 
(A)      Lifting. 
(1) 


(2) 


(3) 


Direct-coupled,  high-speed,  motor-driven,    centrifu- 
gal pumps  (such   as   Fig.    3) — vertical   units   being 
especially  desirable  for  protection  of  motor. 
Smaller  plunger  pumps  may  be  included  in  group 
drive   along  with  small  vacuum   pumps,   and  also 
agitating    or    stirring    mechanism.     In    such    case 
motors  are  protected  somewhat  by  distance. 
Compressed   air   for  corrosive  liquors  supplied   by 
electrically  driven  compressor  plant  at  distance  from 
danger  (Fig.  4). 
(B)    Agitation  or  stirring: 

Whether  in  open  tubs  or  vessels  or  in  closed  pots,  auto- 
claves, etc.,  the  power  requirements  of  individual  devices 
are  small,  about  1  to  2.5  h.  p.  The  low -speed  paddles  or 
blades,  or  pump-like  impellers  are  usually  most  satis- 
factorily driven  by  bevel  gears  from  a  cross  shaft  sup- 
ported on  the  structure  of  the  vessel,  and  finally  belted 
through  fast  and  loose  pulleys  to  a  common  countershaft 
running  at  from  120  to  160  r.  p.  m.,  serving  a  number 
of  vessels,  as  well  as  liquor  pumps  of  plunger  type, 
crushers  and  elevating  devices  for  handling  solids,  and 
possibly  vacuum  pumps  of  small  size  in  conjunction  with 
individual  closed  vessels,  or  adjacent  ovens  for  de- 
hydrating or  drying  some  of  the  products,  and  driven 
by  constant  speed,  single  reduction,  belted  motor.  Fig.  5 
shows  similar  device  direct-motor  driven  through  re- 
duction gear,  and  Fig.  6  shows  another  operated  by 
belted  drive. 
Solids  Handling. 

(A)  Grinding  and  mixing: 

(1)  Individual  drive,  direct  coupled  and  flexibly  coupled. 

(2)  Belt  drive  (Fig.  7). 

(3)  Slow-speed  devices,  usually  by  reduction  gearing 
or  countershafts.  These  devices  usually  take  not 
over  5  or  6  h.  p.  each,  except  at  starting,  and  are 
generally  suitable  for  group  drive. 

(B)  Crushing: 

Individual  drive  by  belt  or  gear,  usually  with  suitable 
flywheel  (Fig.  8). 
Conveying,  mixing,  screening  (Fig.  9). 


(C) 


(1) 


(2) 


Fig.  9 — 30-H.  P.  Motor  Driving  Blower  and  Conveyor  for  Handling 
Alumina  Tailings.  Note  Cloud  op  Alumina  Dust  in  Which  the 
Motor  Operates,  and  the  Degree  to  Which  Dust  Has  Become  Plas- 
tered over  the   Motor 


Mixing: 

(a)  Worm  and  stirrer  types  are  often  in  sizes  suitable 
for  individual  drive,  usually  through  gear  trains, 
(i)  Cylinder  and  ball  mills,  usuaily  group  drive. 
Screening,    small   aggregate   power: 

(a)  Individual  drive,  on  account  of  room  taken  up. 

(b)  Included  as  a  unit  with  the  grinding  equipment 
and  driven  by  same  motor. 

Separating  Materials. 

(A)  Solids:  Screening,   covered   by    "Solids    Handling    C2" 
above. 

(B)  Liquors: 

(1)    Settling  tanks,  requiring  pumps  merely  to  fill  and 

empty. 

Centrifugals : 

(a)  Geared  up  from  usual  standard  motor. 

(6)  Driven  by  special  highspeed  motor. 

Motor  requires  No.  4  special  impregnation  if  liquor 

is  corrosive. 
Elevators  and  Hoists.  As  has  been  indicated,  these  are  usually 
driven  by  direct  current  motors.  In  any  case,  total  enclosing 
of  control  gear  is  required,  or  special  ventilation  for  it,  and  special 
pipe  ventilation,  or  special  insulation  for  the  motor.  Both  con- 
trol and  motor  may,  however,  be  installed  in  a  separate  chamber, 
and  not  in  the  usual  space  directly  above  the  elevator  shaft. 
These  precautions  must  be  considered  since  the  elevator  shaft 
acts  as  an  excellent  chimney  and  draws  through  it  vapors  re- 
leased below. 


(2) 
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Plauson  Colloid  Mill 

By  W.  J.  Kelly 
The  Goodyear  Tire  &  Rubber  Co..  Akron,  Ohio 


DURING  the  past  two  or  three  years  considerable 
interest  has  been  aroused  in  this  country  and  Europe 
in  the  Plauson  coUoid  mill.  Several  articles  have 
appeared  in  the  hterature  giving  descriptions  of  the  miU 
itself  and  speculations  as  to  what  might  be  expected  of  it, 
as  well  as  some  experunental  data  on  products  obtained 
from  it.  Practically  nothing  has  been  written  on  the  power- 
consumption  capacity  or  efficiency  of  the  mUl,  and  up  to 
the  present  time  very  Uttle  is  known  on  these  phases  of  the 
operation  of  the  machine.  The  attempt  wiU  be  made  in 
this  article  to  clear  up  some  of  these  points. 

Description  of  the  Mill 

The  Plauson  mill  is  what  might  be  called  a  beater  mill. 
Referring  to  the  sketch,  the  beaters  are  shown  at  B  and  the 
baffles  or  anvils,  as  Plauson  prefers  to  call  them,  at  A.  H  is 
the  housing,  /,  /'  are  inlets  or  charging  ports,  and  0  is  the 
outlet.  <S  is  a  sight  glass.  The  front  and  back  of  the  housing 
are  jacketed  so  that  the  null  may  be  either  cooled  or  heated 
as  occasion  may  require.  The  beaters  revolve  at  high  speed, 
and  in  the  case  of  the  turbine-driven  mill  attain  12,000- 
14,000  r.  p.  m.,  gi^^ng  a  peripheral  speed  of  about  37,000  to 
44,000  feet  per  minute. 


Action  of  the  Mill 

Three  theories  have  been  advanced  for  the  action  of  the 
mill.  The  first  is  that  the  blow  dehvered  between  the  an\Tls 
and  tlie  beaters  on  the  fihn  of  Uquid  is  transmitted  to  all 
the  particles  in  the  suspension  in  that  part  of  the  mill,  and 
if  the  force  of  the  blow  is  great  enough  the  particle  is  shattered. 
The  second  theory  is  that  a  shearing  action  takes  place  as 
the  beaters  pass  between  the  an\Tls.  The  velocity  gradient 
here  is  very  high — ^^z.,  from  zero  on  the  an\Tl  to  the  speed 
of  the  beater — and  the  clearance  is  only  about  1  mm.,  hence, 
a  l)ig  shearing  action  is  possible.  The  third  theory  is  less 
plausible  than  the  others,  and  in  this  one  it  is  assumed  that 
at  the  instant  of  impact  there  is  an  instantaneous  super- 
heating of  the  liquid  causing  more  or  less  of  an  explosion 
in  the  particle  wlien  the  pressure  is  remo\-ed.  This  theory 
is  based  on  the  fact  that  the  temperature  of  any  hquid 
beaten  in  the  mill  rises  verj^  rapidly  and  water  may  be  boiled 
in  a  few  minutes. 


Operation 

As  the  mill  is  used  at  present  for  grinding  solid  materials, 
it  is  an  intermittent  machine.  The  charge  usually  consists 
of  about  1  kg.  of  solid  and  4  hters  of  liquid,  and  the  mixture 
is  subjected  to  the  action  of  the  beaters  for  about  10  minutes, 
after  which  the  charge  is  removed  tlirough  the  outlet  0  and 
a  new  one  put  in.  This  operation  can  be  modified  by  cir- 
culating a  large  batch,  but  the  results  are  not  usually  so  good 
as  when  the  single  small  charge  is  employed,  since  there  is 
no  way  of  being  sure  that  the  whole  of  the  batch  as  it  is 
being  circulated  passes  between  the  beaters  and  the  an-vils. 

For  use  as  an  emulsifier  the  3000-r.  p.  m.  mill  is  being  used 
successfully,  and  for  this  type  of  work  it  can  be  made  to  work 
continuously  up  to  the  capacity  of  the  feeding  and  recei\Tng 
tanks.  It  has  a  capacity  of  about  1.5  to  1.7  tons  of  water 
per  hour  when  used  in  this  manner.  Better  results  are  ob- 
tained if  the  mixture  of  the  liquids  is  passed  twice  through 
the  mill,  or  even  through  two  mills  in  series. 

Power  Consumption 

No  figures  are  available  for  the  power  consumption  on 
the  turbine-driven  mill.  However,  there  are  some  on  the 
motor-driven,  3000-r.  p.  m.  miU,  of  which  the  following  will 
serve  to  give  some  idea  of  the  power  required  to  drive  the  null. 

Running  empty  the  mill  requires  5  kw.  With  a  charge 
of  1000  giams  solid  material  and  4000  cc.  water,  the  power 
consumed  waries  between  1.5. .5  and  19.3  kw.  The  viscosity 
of  the  charge  will  change  these  figures  and  if  the  charge  is 
reduced  to  one-half,  the  power  consumed  is  about  10  to  12  kw. 
For  emulsifying  Hquids  less  power  is  required,  probably  about 
13  to  15  kw.,  and  hence  for  1.5  tons  of  hquid  per  hour  the 
consumption  would  be  about  4  to  5  watt-hours  per  pound. 

Grinding  Solids 

For  grmding  solids  the  size  of  particle  obtained  depends 
on  the  ease  mth  which  the  substance  may  be  fractured 
and  on  the  speed  of  the  mill.  Hence,  for  a  given  speed  the 
size  of  the  particle  will  vary  from  substance  to  substance 
and  the  uniformity  of  the  product  will  depend  on  the  length 
of  time  it  is  beaten.  There  are  very  few  data  available  on 
the  actual  particle  size  of  materials  which  have  been  ground 
in  the  Plauson  mill.  However,  in  most  cases  the  substances 
show  a  very  decided  Brownian  movement  when  \iewed  in  a 
microscope  equipped  with  a  dark,  ground  illuminator. 
Naturally,  not  all  the  particles  show  tliis  movement,  but  a 
large  percentage  are  of  a  size  small  enough  to  exhibit  this 
phenomenon.  At  the  same  time,  only  a  very  small  percentage, 
if  any,  of  materials  such  as  barytes,  zinc  oxide,  lithopone, 
claj',  etc.,  can  be  ground  to  the  degree  of  fineness  possessed 
by  gas  black.  Von  Hahn'  has  pubhshed  some  figures  on 
the  size  of  particles  obtained  in  different  gas  blacks,  but  the 
figures  given  for  the  "American  Gas  Black"  are  obviously 
very  far  from  the  truth.  This  is  because  of  the  dispersion 
medium,  49  per  cent  alcohol,  wliich  will  not  disperse  gas 
black,  and  hence  all  von  Hahn's  results  were  obtained  on  a 
sample  wliich  was  badly  agglomerated.  The  particles  in 
ordinary  American  gas  black  are  all  less  than  0.2  fn.  How- 
ever, the  Plauson  mill  will  grind  most  materials  to  a  degree 

^KoUoid  Z.,  31,  96  (1922). 
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Fig.  4 — China  Clay  Ground  in  12,000-R 

Mll^I.  WITH  DiSPERSATOR  AND  PROTECTIVeS 

Colloid.  270  X 

of  fineness  unattainable  by  other  grinding  machines.  The 
claim  is  made  that  all  materials  can  be  reduced  to  a  colloidal 
size  in  the  mill,  but  the  term  colloidal  is  rather  too  elastic 
for  the  defuiition  of  particle  size. 

"DlSPERS.\TORS" 

It  is  claimed  by  Plauson  that  the  addition  of  certain 
substances  in  very  small  amounts  will  aid  the  grinding  to  a 
very  marked  degree.  These  substances  are  called  "dispersa- 
tors."  In  addition,  a  certain  amount  of  a  protective  colloid, 
such  as  gelatin,  gum  arable,  lysalbinic,  protalbinic  acids, 
etc.,  is  added.  The  function  of  the  "dispersator"  is  to  put 
an  electric  charge  on  the  particle.  It  is  well  known  that 
very  small  amounts  of  electrolytes  are  necessary  to  make  a 
stable  sol,  and  the  "chspersator"  is  usually  an  electrolyte, 
such  as  sodium  hydroxide,  ammonia,  etc.,  depending  on  the 
nature  of  the  substance  being  groimd.  In  some  cases  acids 
might  just  as  well  be  used. 

The  photomicrographs  show  very  well  the  effect  of  the 
grinding  both  with  and  without  the  dispersators.  Fig.  1  is 
the  original  china  clay  which  was  used  and  Fig.  5  is  the 
original  zinc  oxide.  Fig.  2  shows  the  china  clay  after  being 
subjected  to  the  action  of  the  3000-r.  p.  m.  mill  for  10  minutes 
in  the  presence  of  a  small  amount  of  alkali  as  dispersator 
and  gum  arable  as  a  protective  coUoid.  It  will  be  seen 
that  although  the  material  is  somewhat  reduced  in  size  the 
reduction  is  not  very  great.  Fig.  3  shows  the  same  material 
ground  in  the  12,000-r.  p.  m.  miU  without  the  use  of  dispersator 
or  protective  colloid.  In  order  to  obtain  a  comparati\'e 
dispersion  of  the  two  clay  samples  both  dispersator  and 
protecti^'e  colloid  were  added  and  stirred  in  after  the  sample 
was  ground.  Fig.  4  shows  the  same  material  ground  with 
the  dispersator  and  the  protective  colloid.     A  comparison 


Fig.  6 — Zinc  Oxide  Ground  in  I2,000-R. 
Mill.     405  X 


of  these  two  photomicrographs  will  show  that  the  12,000- 
r.  p.  m.  mill  has  a  decided  effect  in  reducing  the  size  of  the 
clay  particle,  but  that  this  size  is  independent  of  the  presence 
of  the  dispersator  or  the  protective  colloid.  With  substances 
of  a  different  nature  and  also  of  a  small  size  originally  the 
effect  of  the  mill  is  not  nearly  so  great.  This  can  be  seen 
from  a  comparison  of  Figs.  5  and  6,  which  show  original  zinc 
oxide  and  the  same  material  after  grinding  in  the  12,000- 
r.  p.  m.  mill.  The  effect  of  the  mill  is  clearly  visible  in 
each  figure. 

Chemical  Reactions 

Chemical  reactions  taking  place  between  phases  of 
heterogeneous  system  can  be  made  to  proceed  more  rapidly 
bj'  increasing  the  interfacial  area,  and  hence  it  is  claimed 
by  Plauson  that  many  reactions  which  take  place  only  very 
slowly  or  not  at  all  can  be  made  to  go  very  rapidly  in  the 
colloid  mill.  One  such  reaction  is  the  saponification  of  fats 
to  make  soap  and  this  reaction  is  complete  within  5  or  10 
minutes  when  the  alkaU  oil  and  water  are  beaten  together 
in  the  3000-r.  p.  m.  mill.  No  external  heating  is  necessary 
and  the  process  might  be  made  to  give  a  continuous  flow  of 
soap  from  the  mill.  The  time  of  reaction  may  be  even  less 
than  5  minutes,  but  it  does  take  place  in  that  time.  The 
esterification  of  cellulose  by  acetic  acid  may  also  be  accelerated 
by  carrying  it  out  in  the  Plauson  mOl  after  the  cellulose 
has  been  reduced  in  size  from  the  fiber  to  something  con- 
siderably smaller.  It  is  also  possible  that  resins  and  gums 
could  be  dispersed  in  water  or  other  media  in  which  they 
are  insoluble  by  passing  them  through  the  mill  after  adding 
sufficient  solvent  to  soften  them  and  thus  change  the  action 
of  the  miU  from  that  of  grinding  a  solid  to  that  of  emulsif3ang 
two  liquids. 
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There  are  many  places  where  the  mill  can  be  used  in  the 
chemical  industry  provided  the  cost  of  drivmg  it  is  not 
excessive  for  the  product.  It  has  two  main  disadvantages 
at  present — first,  the  power  required  to  operate  it,  and,  second, 
its  small  capacity.  It  is  quite  possible  that  its  capacity 
and  efficiency  may  be  increased  to  the  point  where  the  cost 
per  unit  of  material  obtained  will  put  the  mill  on  a  plane 


where  it  can  be  used  commercially.  There  is  a  great  deal 
of  development  work  to  be  done,  but  this  will  probably  be 
done  best  by  the  different  industries  themselves,  as  they 
are  better  acquainted  with  their  own  problems  than  any 
outside  firm  could  possibly  be.  It  is  up  to  the  individual 
firm  to  decide  whether  or  not  it  will  pay  to  develop  it  to 
meet  the  conditions  under  which  it  will  have  to  operate. 


Concentration  Factor  in  the  Combination  of  Tannin  with 

Hide  Substance' 


By  Arthur  W.  Thomas  and  Margaret  W.  Kelly 
CoLUMBu  University,  New  York,  N".  V. 


THE  effect  of  time  of  reaction  and  concentration  of 
the  vegetable  tannins  gambler  and  quebracho  upon  the 
combination  of  tannin  with  hide  substance  was  shown 
in  an  earlier  paper. ^  The  results  given  herein  continue  this 
investigation,  including  extracts  of  barks  of  hemlock,  larch, 
oak,  and  wattle. 

The  method  used  was  identical  with  that  described  in  the 
earlier  paper-  except  that  portions  of  defatted  hide  powder 
(sifted  to  remove  all  particles  finer  than  100  mesh)  equal  to 
5  grams  of  anhydrous  substance  were  used,  and  the  time  of 
contact  was  set  at  24  hours.  The  hydrogen-ion  concen- 
trations of  all  solutions  were  adjusted  electrometrically 
to  pH  =  5,  using -sodium  hydroxide. 

For  economy  of  space  all  data  incidental  to  the  analyses 
by  the  original  Wilson  and  Kern  method^  are  omitted.  The 
fixation  of  tannin  has  been  calculated  to  grams  tannin  com- 
bined per  100  grams  liide  protein,  and  plotted  against  con- 
centration of  the  vegetable  tanning  extracts  in  terms  of  grams 
total  solids  per  liter  of  solution,  as  shown  in  the  curves. 

The  tannin  content  of  each  extract  was  determined  by  the 
modified  Wilson  and  Kern  method,''  and  for  the  purpose  of 
studjing  the  fixation  as  a  function  of  the  concentration  of 
tannin,  the  following  data  are  submitted: 


Extract 

Oak 

Larch 

Hemlock 

Wattle 


Tannin  in  Total  Solids 
Per  cent 
20.6 
20.6 
27.2 
30.4 


The  sharp  maximum  previously  shown  bj'  quebracho^ 
is  found  here  with  each  extract  studied.  The  decrease  in 
fixation  following  increased  concentration  of  tanning  solu- 
tion was  tentatively  explained  in  the  earher  paper  as  due  to 
hea\'y  surface  tannage,  thus  impeding  the  diffusion  of  uncom- 
bined  tannin  into  the  interior  of  the  hide-powder  particles. 
In  addition  to  this  it  should  be  noted  that  decreased  rate  of 
fixation  with  increasing  concentration  of  tanning  solution  is 
predicted  by  the  Procter-WUson  theory.  The  rate  of  fix- 
ation is  at  a  maximum  where  the  positive  charge  of  the  col- 
lagen and  the  negative  charge  of  the  tannin  particles  are 
at  their  maximum.  Now  increase  of  electroh'te  concentra- 
tion resulting  from  increased  concentration  of  the  tanning 
extract  will  reduce  the  potential  of  the  collagen.  Likewise, 
the  negative  potential  difference  of  the  tannin  particles  de- 
creases with  increase  in  concentration,   as  experimentally 

>  Presented  before  the  Division  of  Leather  Chemistry  at  the  64th  Meet- 
ing of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September  4Ito  8, 
1922,  Contribution  No.  414  from  the  Chemical  Laboratories,  Columbia 
University. 

»  Tms  Journal,  14,  292  (1922). 

'Ibid.,  1»,  465  (1920). 

'Ibid.,  IS,  772  (1921). 


demonstrated  by  Thomas  and  Foster^  in  the  case  of  que- 
bracho. Furthermore,  the  decreasing  degree  of  dispersion 
of  the  tannin  particles  causes  a  decrease  in  the  rate  of  diffusion 
of  the  same.  Since  in  aU  cases  the  reaction  of  the  solutions 
was  adjusted  to  pH  =  5,  the  charge  of  the  collagen  would 
be  at  its  minimum,  and  consequently  the  downward  slope 
of  the  curves  could  be  ascribed  almost  entirely  to  the  changes 
in  potential  difference  and  degree  of  dispersion  of  the  tannin 
particles. 


OramsTotal  Solids  per  Liter  of  OriginalTmning  Solution 


The  "gelatin-salt"  test  for  detection  of  tannin  was  applied 
to  all  filtrates  in  the  fixation  experiments  plotted  above,  and 
showed  complete  removal  of  tannin  by  the  hide  substance 
up  to  the  maximum  points  in  aU  curves,  and  where  more 
tannin  was  present  than  could  be  fixed  by  the  hide,  the  curves 
rapidly  sloped  downward.  In  other  words,  the  maximum 
points  were  obtained  with  amounts  of  tannin  in  the  solutions 
which  corresponded  to  the  saturation  point  of  the  hide 
substance  for  the  particular  tannin,  and  this  was  in  the  range 
of  10  to  17  grams  of  tannin  per  liter  of  solution. 

The  order  of  magnitude  of  the  maxima  is  in  the  order  of 
the  astringency  of  the  tannins.  It  xs'iU  be  seen  from  inspec- 
tion of  the  percentages  of  tannin  in  the  extracts  used  that 
the  order  of  relative  proportion  of  tannin  to  non-tan  is  wat- 
tle>hemlock>larch  =  oak,  while  the  order  of  the  mag- 
nitudes of  maximum  fixation  is  wattle > hemlock > larch  >oak. 

The  upward  trend  of  the  curves  beginning  at  the  concen- 
tration of  140  grams  total  solids  per  liter  seems  to  be  due  to 
the  accumulation  of  insolubles  in  these  very  concentrated 
solutions,  which  are  not  removed  completely  by  the  washing 
of  the  tanned  samples  with  cold  water. 

The  authors  ex-press  their  indebtedness  to  A.  F.  Gallun  & 
Sons  Co.,  for  grants  in  aid  of  this  investigation. 

'This  Jovrn.^l.  14,  191  (1922). 
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Pumps  for  Industrial  Purposes 


By  W.  F.  Traudt 

Taber  Pump  Co.,  Buffalo,  N.  Y. 


fT^HE  pump  is  a  vital  part  of  many  industrial  processes 
I  and  yet  there  is  probably  no  piece  of  equipment 
which  is  purchased  with  so  little  consideration  as 
to  its  application.  There  are  an  almost  infinite  number  of 
combinations  of  mechanical  elements  which  can  be  assembled 
into  a  pump  design.  It  therefore  becomes  possible,  by 
marshaling  such  elements  properly,  to  build  a  pump  which 
will  meet  an  industrial  problem  more  satisfactorily  than 
".just  a  pump." 


Piston  Type  Pump 

There  are  many  types  of  pumps,  but  such  as  are  of  industrial 
interest  can,  in  a  general  way,  be  placed  in  four  groups — 
namely,  piston,  plunger,  centrifugal,  and  rotary.  There  are, 
however,  many  variations  in  design  and  construction  in  each 
group. 

There  are  pumping  problems  for  which  a  piston  or  plunger 
type  pump  is  better  suited  than  any  other.  There  are  also 
conditions  where  nothing  will  so  satisfactorily  fulfil  the 
requirements  as  a  centrifugal.  Then  again,  there  is  a  combi- 
nation of  circumstances  surroimding  a  pumping  problem 
which  cannot  be  better  taken  care  of  than  through  the  medium 
of  a  rotary  pump;   thus,  applying  the  pump  to  the  job. 

If  a  fluid  has  the  consistency  of  water  or  is  no  more  vis- 
cous than  light  motor  oil,  then  a  centrifugal  pump  can  be 
appUed  with  success.  Whether  the  centrifugal  pump  should 
be  of  the  single  or  double-suction  type,  or  equipped  with 
open  or  enclosed  impellers,  depends  upon  circumstances 
surrounding  the  installation,  such  as  volume  in  gallons  per 
minute,  head  in  feet,  and  the  method  available  for  driving  the 
pump.  In  general,  it  can  be  stated  that  for  large  volumes 
at  low  head  a  single-suction,  open  impeller  type  pump  is 
usually  satisfactory,  while  for  high  heads  the  double-suction, 
enclosed,  impeller  type  centrifugal  pump  is  more  efficient. 

A  small  volume,  say  50  gallons  per  minute,  and  a  high 
head,  50  to  75  pounds  per  square  inch,  is  a  combination  of 
conditions  which  can  be  better  met  with  a  piston  or  plunger 
type  pump  than  a  centrifugal,  unless  there  is  some  very  special 
reason  why  a  centrifugal  pump  should  be  considered.  Such 
a  reason  might  be  found  in  passing  certain  kinds  of  fluids 
through  filter  presses,  because  the  centrifugal  pump  has  the 


advantage  of  deUvering  a  steady  flow  without  any  pulsations 
or  shocks  through  the  filter  medium.  It  also  has  the  ad- 
vantage that  as  the  filter  becomes  clogged,  the  rate  of  flow 
win  automatically  adjust  itself  to  the  increased  filter  re- 
sistence,  and  no  undue  pressure  will  accumulate  on  the 
filter  with  the  possibility  of  rupturing  the  cells  or  the  filter 
itself.  A  plunger  pump  will  deliver  a  relatively  small  volume 
of  fluid  against  a  high  head  more  economicaOy  than  either  a 
centrifugal  or  a  rotary  pump.  A  rotary  or  plunger  type 
pump  will  handle  viscous  materials  which  would  be  im- 
possible with  a  centrifugal.  A  rotary  pump  designed  for  the 
purpose  wiU  handle  materials  wliich  are  too  viscous  for 
either  a  plunger  or  piston  type  pump  (materials  like  white  lead 
paste,  etc.).  It  must,  however,  be  borne  in  mind  that  such 
materials  cannot  be  handled  by  an  ordinary  rotary  pump. 
It  must  be  designed  for  the  purpose  in  order  to  assure  success. 
The  fact  must  not  be  lost  sight  of  that  there  is  no  universal 
rotary  pump.  In  fact,  there  is  no  universal  pump  of  any 
type.  It  foUows  that  each  type  or  design  of  pump  is  limited 
to  certain  uses.  These  Umitations  are  governed  by  a  variety 
of  conditions,  but  fundamentally  the  viscosity,  temperature, 
volume,  head,  and  chemical  properties  of  the  fluid  are  most 
important. 

Effect  of  Viscosity  of  Fluid 

When  using  the  term  "fluid,"  every  substance  is  included' 
which  is  plastic  enough  to  permit  it  to  flow  through  a  pipe — 
for  example,  commercial  white  lead  and  oil,  cereal  mash, 
chilled  lard,  tooth  paste,  paper  pulp,  pitch,  tar  and  asphalt, 
chocolate  paste,  glucose,  molasses,  etc. 

Good  practice  would  dictate  that  viscous  materials  must 
either  gravitate  or  be  fed  to  the  pump  inlet.     Such  materials 


do  not  respond  readily  to  suction  lifts,  as  they  have  a  high 
coefficient  of  friction;  therefore,  one  must  avoid  trj'ing  to 
impart  an  excessive  velocity  of  flow  to  them  through  any 
part  of  the  pumping  system.  A  pumping  system  here 
refers  to  the  whole  equipment  from  the  source  of  supply  to 
the  point  of  discharge,  including  the  vessel,  agitator  or 
equivalent  in  which  the  source  of  supply  originates,  and  the 
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container  into  which  it  is  to  be  dehvered.  If  a  paste  or  vis- 
cous material  can  attain  a  normal  (efficient)  velocity  of  0.5 
feet  per  second  the  pumping  system  should  be  so  arranged 
that  in  no  part  of  it  a  greater  velocity  is  attempted  than  the 
ideal  condition  would  include,  not  even  through  the  pump, 
its  ports  or  valves.  Thus,  a  3-inch  pump  might  efficiently 
handle  300  gallons  per  minute  of  a  fluid  of  low  \'iscosity, 
and  yet  not  more  than  10  gallons  per  minute  could  be  success- 
fuDy  handled  when  the  material  is  higlily  viscous. 


Open  Impeli,er  Type  Centrifugau  Pump 

A  pump  speed  or  capacity  must  be  synchronized  with  the 
fluid's  economical  flowing  capacity,  and  aO  pipes  and  fittmgs 
used  in  the  pumping  system  must  also  be  of  such  sizes  to 
accommodate  the  economical  flowing  capacity  of  the  material 
pumped.  If  a  pump  has  a  capacity  too  large  for  the  normal 
rate  at  which  a  viscous  fluid  will  flow,  there  will  be  a  tendency 
to  "wire  draw"  the  fluid  in  the  suction  pipe  and  set  up  a 
high  vacuum  in  the  same.  Tliis  will  result  in  having  the 
pump's  displacement  only  partly  fiUed  and  under  vacuum, 
causing  shocks  and  settmg  up  serious  vibration  and  noise 
in  either  piston,  plunger  or  rotary  type  pumps.  The  reason 
for  this  condition  is  obvious.  It  wiU  be  seen,  therefore, 
that  it  is  imperative  to  avoid  all  attempts  to  pump  a  viscous 
fluid  faster  than  its  viscosity  will  permit  it  to  flow. 

Effect  of  Perfect  Vacuum 

Too  few  people  realize  that  even  if  a  pump  were  able  to 
produce  a  perfect  vacuum  on  the  suction  side,  the  only  head 
pressure  forcing  the  fluid  to  the  pump  would  be  equal  to  that 
of  the  atmosphere,  provided  the  source  of  supply  was  on  the 
same  level  as  the  inlet  to  the  pump.  It  would  be  considerably 
less,  however,  with  a  vertical  suction  lift,  and  as  much  less 
as  the  static  head  resulting  from  a  hft  below  the  level  of  the 
pump  inlet. 

A  practical  example  might  be  suggested  by  assuming  100 
feet  of  straight  1-inch  pipe  connected  to  the  discharge  of  a 
pump.  Tliis  line  of  pipe  would  require  a  head  equal  to 
appro.ximately  12  pounds  per  square  inch  to  force  water  at 
the  rate  of  20  gallons  per  minute  through  it,  because  the 
velocity  set  up  in  the  pipe  requires  this  pressure  to  overcome 
the  frictional  resistance. 

Should  it  be  required  of  a  pump  to  draw  water  to  the  inlet, 
a  vacuum  of  approximately  25  inches  would  have  to  be  created 
by  the  pump  to  cause  a  flow  of  20  gallons  per  minute  tlirough 
a  1-inch  straight  pipe  100  feet  long.  If  the  water  were  warm 
or  satm-ated  with  air,  it  is  obvious  that  such  a  vacuum  could 
not  be  maintained,  and  thus  the  capacity  would  be  less.  If 
the  suction  pipe  line  were  longer,  the  rate  of  flow  could  not 
be  estabfished  because  of  the  increased  friction  resulting. 
It  follows  that  the  pump  cylinder  would  then  only  be 
partly  filled  with  water  while  the  balance  of  the  space  would 
be  under  vacuum.    Such  a  condition  would  cause  shock 


within  the  pump  as  weU  as  the  pipe  line,  resulting  in  noise 
and  vibration  which  might  cause  serious  difficulty. 

This  being  the  condition  with  water,  how  much  more  care 
must  be  exercised  when  given  a  \'iscous  material  to  handle, 
the  coefficient  of  friction  being  many  times  greater  than  that 
of  water. 

RELATIo^f  OF  Pdmp  Efficiency  to  Plant  Efficienct 

Efficiency  is  always  an  important  item  to  be  considered 
in  the  selection  of  pumps  or  any  other  equipment,  but  the 
meaning  of  efficiency  must  be  apphed  in  its  broadest  sense — 
that  is,  the  ultimate  efficiency  as  related  to  other  equipment 
in  the  process  or  plant — namely,  freedom  of  interruptions,  etc. 
A  pump  may  have  a  very  high  mechanical  efficiency  in  itself 
and  yet  be  the  cause  of  great  inefficiency  in  the  plant  or  proc- 
ess as  a  whole,  while  a  pump  of  low  mechanical  efficiency  may 
bring  up  the  plant  efficiency  to  an  exceedingly  high  level. 
Some  concrete  experiences  will  illustrate  this  statement. 

In  a  plant  handling  hquid  foodstuffs  an  excellently  made 
and  efficient  pump  was  used  and  would  have  been  correctly 
applied  if  the  fluid  had  been  of  a  kind  where  the  element  of 
cleanliness  was  not  important.  But  the  pump  was  of  such 
construction  that  accessibihty  to  the  interior,  ports,  etc.,  was 
impossible,  thus  permitting  the  breeding  of  bacteria,  which 
seriously  impaired  the  flavor  and  quahty  of  the  product. 
The  difficulty  was  overcome  by  building  a  special  type  of 
open  impeller  centrifugal  pump  in  which  the  features  mak- 
ing for  higher  efficiency  had  to  be  sacrificed  in  favor  of  ob- 
taining the  essential  sanitary  features.  Thus,  a  higher  effi- 
ciency was  established  witliin  the  plant  by  the  application 
of  a  pump  of  lower  eflSciencj',  but  sanitary  in  construction. 

In  a  certain  chemical  industry  in  which  a  great  many  pumps 
were  installed,  continual  interruptions  were  experienced  be- 
cause a  standard  open  impeller  type  pump  had  to  be  used, 
and  since  the  service  was  continuous  some  of  these  pumps 
would  wear  out  within  from  four  days  to  a  week.  The  ma- 
terial to  be  handled  was  not  only  of  an  acid  nature,  but  held 
in  suspension  materials  which  were  liighly  abrasive.  The 
pumps  were  operated  at  the  most  efficient  speeds  considered 
strictly  from  a  hydraulic  standpoint.  The  pressure  heads 
were  relatively  high  and  required  high  speeds  to  obtain 
good  mechanical  efficiency.  The  writer  was  consulted  on 
the  matter  and  advised  that  improvement  could  only  be 
obtained  by  using  larger  pumps    and    operating  them    at 


slower  speeds,  wliich  in  some  instances  reduced  the  mechan- 
ical efficiency  of  the  pump  unit  to  half,  with  the  result  that 
shutdowns  and  interruptions  were  reduced.  Thus,  the  total 
plant  efficiency  was  improved. 

In  one  case,  with  a  pump  which  had  to  be  replaced  every 
week,  the  time  was  extended  to  a  month's  operation  before 
repairs  or  replacements   had   to  be  made;  and  in  another 
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instance,  lay  changing  the  alloy  from  which  the  pump  was 
made  the  service  was  extended  from  five  weelcs  to  eleven 
months.  Therefore,  it  is  very  evident  that  the  appHcation 
of  efficiency  must  receive  the  broadest  consideration. 

Thus,  again,  the  importance  of  careful  selection  and  appli- 
cation is  obvious. 

Unusual  Forms  of  Pumps 

If  the  subject  of  pumping  fluids  is  given  a  little  earnest 
thought,  it  is  amazmg  to  find  how  dependent  upon  some 
form  of  pumping  operation  the  world  is. 

A  siphon  is  a  pump.  Capillarity  is  a  form  of  pumping  and 
is  frequently  the  only  means  by  which  line  shafts  are  lubri- 
cated. Vegetation  itself  depends  upon  the  pumping  oper- 
ation such  as  is  accomplished  through  the  rootlets  of  trees 
conveying  moisture  to  the  smallest  twig  and  leaf.     In  short, 


any  process  which  will  cause  a  fluid  to  be  raised  from  one  point 
to  another  at  the  same  or  higher  level  can  be  considered  a 
pumping  system.  Those  who  are  interested  in  famUiarizing 
themselves  with  the  historical  development  of  pumps  will 
find  a  brief  outline  of  the  subject  as  practiced  in  the  earliest 
stages  of  civilization  in  a  book  by  Arthui-  M.  Green  on 
"Pumping  Machinery." 

It  follows,  therefore,  that  if  one  will  consider  industrial 
pumping  problems  with  more  care,  and  examine  into  all 
phases  of  the  proposed  pumping  system,  never  losing  sight 
of  the  physical  and  chemical  properties  of  the  fluid  to  be 
handled,  there  will  result  incalculable  savings,  not  only  in 
fuel  or  power,  but  througli  fewer  interruptions  in  manu- 
facturing processes.  Too  often  when  laying  out  an  industrial 
process,  one  thinks  of  the  pump  at  the  "eleventh  hour," 
and  then  only  in  terms  of  "just  a  pump." 


Detector  for  Water  Vapor  in  Closed  Pipes' 


By  E.  R.  Weaver  and  P.  G.  Ledig 

Bureau  of  Standards,  Washington,  D.  C. 


A  simple  device  is  described  for  determining  the  approximate 
concentration  of  water  vapor  in  a  gas.  A  glass  tube  is  coated  with 
platinum  and  the  coating  divided  by  etching  into  two  electrodes. 
Platinum  wires  sealed  through  the  glass  connect  the  electrodes  to 
a  measuring  circuit.  The  resistance  to  alternating  current  of  a 
thin  film  of  a  hygroscopic  electrolyte  bridging  the  gap  between  the 
electrodes  is  used  as  the  measure  of  the  water  vapor  in  the  atmosphere 


with  which  the  film  is  in  contact.  Sulfuric  and  phosphoric  acids 
and  various  hygroscopic  salts  can  be  used  in  forming  the  conducting 
film.  The  detector  is  simple,  rugged,  and  easily  adapted  for  use 
in  high-pressure  piping  and  other  situations  in  which  the  determina- 
tion of  water  vapor  is  usually  attended  with  difficulty. 

Laboratory  experiments  showing  the  reliability,  method  of  appli- 
cation, and  limitations  of  the  device  are  described. 


THIS  device  was  suggested  by  a  description  of  the 
invention  of  Todd  and  Bousfield^  for  the  same  pur- 
pose. The  apparatus  described  in  the  patent  con- 
sists of  two  gauze  electrodes  separated  by  a  layer  of  granular 
calcium  chloride  or  other  hygroscopic  salt  enclosed  in  a  tube 
through  which  the  gas  is  passed.  The  contents  of  the  tube 
remain  nonconductmg  so  long  as  the  calcium  chloride  is 
dry;  but  in  the  presence  of  much  water  vapor  the  granules 
become  coated  with  a  continuous  film  of  solution  which 
establishes  electrical  connection  between  the  electrodes  and 
gives  an  indication  of  the  moisture  present.  A  somewhat 
different  arrangement  was  used  by  Paul  Anderson,^  who 
dipped  the  ends  of  two  wires  into  the  fused  salt  and  exposed 
the  bead  of  adhering  salt  to  the  gas  to  be  tested.  Two 
objections  to  these  arrangements  which  it  seemed  possible 
to  overcome  are  (1)  the  time  and  the  amount  of  water  re- 
quu-ed  to  produce  a  definite  effect,  and  (2)  the  difficulty  of 
restoring  the  detector  to  its  original  condition  for  further 
testing.  In  addition  the  device  of  Todd  and  Bousfield  re- 
quires a  definite  circulation  of  gas  through  the  tube. 

These  objections  are  largely  eliminated  in  the  present 
apparatus  (Fig.  1),  which  is  made  of  a  piece  of  straight  glass 
tubing  sealed  at  one  end.  Near  the  closed  end  two  platinum 
wires  are  sealed  through  the  glass  and  fused  against  the  outer 
surface  of  the  tube,  wliich  is  then  frosted  with  a  paste  of 
barium  sulfate  and  ammonium  fluoride.  The  ends  of  the 
platinum  wires  inside  the  tube  are  soldered  or  fused  to  copper 
leads.  The  outside  of  the  cell  is  carefully  platinized  by  ap- 
plying a  coUoidal  solution  of  platinic  chloride  in  lavendar 
oil,   as  described  by  McKelvey  and  Taylor.*    This  process 

1  Received  July  7,   1923.     Published  by  permission  of  the  Director, 
U.  S.  Bureau  of  Standards. 

!  British  Patent  137,547  (1920). 

"  J.  Chem.  Soc.  (.London).  121,  1153  (1922). 

•  /.  Am.  Chem.  Soc,  42,  1366  (1920). 


is  repeated  until  the  layer  of  platinum  is  entirely  smooth 
and  continuous,  care  being  taken  that  the  platinized  surface 
is  in  good  contact  with  the  electrode  wires.  The  tube  is 
then  coated  with  paraffin  and  a  fine  etched  around  it  between 
the  two  electrodes  with  hydrofluoric  acid  to  break  the  con- 
tinuity of  the  platinum  surface.  On  this  narrow  surface 
of  separation  and  extending  over  the  platinized  electrode 
surfaces  on  both  sides  is  painted  a  dilute  solution  of 
some  liygroscopic  electrolyte.  In  order  to  prevent  motion 
which  might  break  the  leads,  and  at  the  same  time  to 
assure  good  insula- 
tion, it  is  well  to  fill 
the  tube  with  melted 
paraffin  and  allow  it  to 
solicUfy. 

The  tube  is  then 
mounted  in  any  suit- 
able way  (by  passing 
through  a  paraffined 
cork  stopper  for  or- 
dinary laboratory  work 
at  atmospheric  pres- 
sure) with  the  pre- 
pared end  of  the  tube 
exposed  to  the  gas  to 
be  tested.  The  resis- 
tance to  an  alternating 
current  of  the  film 
bridging  the  "scratch" 
between  the  electrodes 
is  a  measure  of  the 
concentration  of  water 
vapor  present. 


l/ne  Etched 
^rouncf  Tube. 


Fig.  1 — Detector  for  Water  Vapor. 
The  Size  of  the  Tube  Is  of  Litti.e  Consb- 
QUENCE.  Those  Employed  in  the  Labora- 
tory Have  Usually  Been  Made  from 
Tubes  of  Ahy  Convenient  Length,  Having 
about  8  Mm.  Outside  and  5  Mm.  Insidq 
Diameter 


932 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  Xo.  9 


Experimental 

For  tlie  purpose  of  studying  the  de\-ice  iu  the  hiboratory, 
such  a  detector  was  used  in  the  manner  shown  in  Fig.  2. 
The  detector  was  mounted  in  a  tube  of  shghtly  larger  di- 
ameter, tlvrough  which  the  gas  to  be  tested  could  be  streamed, 
and  was  set  up  either  in  a  constant  temperature  bath  or  in 
the  open  air  of  the  room.  The  electrical  circuits  are  shown 
diagrammatically  in  the  figure.  The  detector  formed  one 
arm  of  a  Wheatstone  bridge  employing  15-volt,  60-cycle 
alternating  current  and  an  alternating  current  gal\-anometer 
in  the  measuring  circuit.  The  alternating  cm'rent  galva- 
nometer used,  when  connected  to  a  source  of  llO-^'olt  alter- 
nating current,  supplied  15  volts  (or  lower  potentials)  directly 
from  a  "drop  coil." 

The  detector  was  exposed  to  atmospheres  of  known  mois- 
ture content  by  bubbling  au'  tlirough  sulfuric  acid  solutions 
of  various  concentrations.  The  solutions  were  made  by 
diluting  ordinary  C.  P.  sulfuric  acid  with  distilled  water, 
were  cooled  to  20°  C,  their  density  determined  by  the  use 
of  hydrometers  giving  readings  accurate  to  the  third  decimal 
place,  and  the  percentage  of  acid  taken  from  the  density 
table  in  Circular  19  of  the  Bureau  of  Standards. 

The  water  vapor  pressures  of  the  solutions  were  obtained 
from  the  data  of  Regnault.^  The  air  was  saturated  to  the 
water  vapor  pressure  of  the  solutions  by  bubbhng  it  tlirough 
the  solution  in  a  Greiner-Friedrich  spiral  wash  bottle;  it  was 
then  passed  directly  to  the  tube  containing  the  detector. 

The  first  work  with  a  detector  of  this  form  was  done  in 
1919.  Two  hygroscopic  substances  were  used,  phosphoric 
acid  and  rubidium  carbonate,  the  latter  being  employed 
because  it  would  not  be  greatly  affected  by  traces  of  either 
carbon  dioxide  or  atamonia.  It  was  at  first  hoped  that  the 
method  could  be  made  accurately  quantitative.  When  it 
became  certain  that  this  could  not  be  done,  the  work  was 
abandoned;  but  one  of  the  detectors  with  a  coating  of  phos- 
phoric acid  was  left  in  place  in  the  tube  in  which  the  test  was 
'  made  and  stored  in  the  laboratory  for  a  period  of  three  years. 
The  gas  inlet  and  outlet  were  open  to  the  air  during  that 
time.  Because  of  recent  inquiries  from  different  sources 
for  means  of  detecting  moisture,  particularly  in  gases  com- 
pressed for  liquefaction,  it  seemed  worth  while  to  renew 
the  investigation  of  this  detector.  Without  renewing  the 
original  phosphoric  acid  coating,  the  detector  which  had 
been  stored  for  three  years  was  tried  and  found  to  be  as 

>  Ann.  chim.  fhys..  [3]  16,  179  (1845);  Landolt-Bornstein.  "Tabellen," 
1912,  p.  426. 


/4/r 


sensitive  as  ever.  This  is  excellent  evidence  for  the  re- 
liabiUty  of  the  de\-ice  as  a  detector  of  unusual  and  undesirable 
operating  conditions,  which  will  probably  be  its  principal  use. 

In  addition  to  phosphoric  acid  and  rubidium  carbonate, 
sulfuric  acid,  a  mixture  of  sulfuric  and  phosphoric  acids, 
calcium  chloride,  and  sodium  and  potassium  hydro.xides  have 
been  tried  as  hygroscopic  electrolytes,  using  the  same  de- 
tector tube. 

When  renewing  or  changing  a  coating  of  electrolyte,  the 
detector  tube  was  first  carefully  washed  and  dried.  A  thin 
gelatin  solution,  of  about  the  consistency  of  good  ink,  was 
prepared  and  to  it  enough  of  the  hygroscopic  electrolyte 
added  to  make  approximately  a  1  per  cent  solution.  This 
solution  was  applied  to  the  surface  of  separation  between 
the  electrodes  -with  the  tip  of  a  camel's-hair  brush  barely 
moistened  with  the  solution,  and  quickly  dried  by  passing 
dry  air  over  it. 

Discussion  of  Results 

The  attempts  to  use  the  alkaline  hydroxides  as  hygro- 
scopic coatings  were  not  a  success,  because  the  resistances 
of  the  films  never  approached  equilibrium  but  continually 
increased.  This  is  believed  to  have  been  caused  by  a  small 
amount  of  carbon  dioxide  (or  possible  other  acid  vapors 
from  the  sulfuric  acid)  which  remained  in  the  air  stream  in 
spite  of  some  effort  to  eliminate  it. 

With  any  one  electrolj-te  the  resistance  of  the  detector 
can,  of  course,  be  varied  over  a  vdde  range  bj-  changing  the 
strength  and  amount  of  the  solution  apphed.  The  relative 
resistances  when  in  equUibrium  vdth  atmospheres  of  different 
humidities  are  reasonably  independent  of  the  amount  of 
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electrolyte  in  the  film  and  dependent  only  upon  the  hygro- 
scopic substance  used.  How  closely  this  relation  applies 
is  indicated  by  Fig.  3,  which  shows  the  observed  resistances 
of  two  coatings  of  sulfuric  acid.  One  had  13.5  times  the 
resistance  of  the  other.  The  upper  curve  is  drawn  through 
the  points  representing  the  observed  resistances  of  the  thin- 
ner coating.  The  lower  curve  is  then  drawn  1.3  divisions  on 
the  logarithmic  scale  (log  13.5  =  1.3)  below  the  upper  one. 
The  circles  near  the  lower  curve  represent  observed  data 
on  the  thicker  coating  and  indicate  the  close  agreement 
with  the  rule  stated. 

Fig.  4  shows  the  resistance  curves  for  films  of  sulfuric 
acid,  phosphoric  acid,  and  a  mixtiu'e  of  sulfuric  and  phos- 
phoric acid  containing  about  equal  weights  of  each.  This 
mixture  was  prepared  in  the  hope  of  extending  the  range 
within  which  a  given  film  could  be  used  for  semiquantitative 
work.  The  rate  at  which  changes  of  resistance  take  place 
when  the  humidity  of  the  atmosphere  is  changed  depends 
greatly  upon  the  thickness  of  the  hygroscopic  film.  The 
behavior  in  this  respect  of  the  three-year-old  phosphoric 
acid  coating  is  shown  in  Fig.  5.  The  readings  were  made 
by  two  observers,  one  of  whom  observed  resistances  while 
the  other  noted  the  stop  watch  and  recorded  readings.  In 
the  middle  range  of  resistances  about  2  hours  were  required 
to  so  nearly  attain  equilibrium  that  no  further  change  of 
resistance  could  be  noted  by  the  rather  sensitive  method  of 
measurement  employed;  but  the  change  which  took  place 
after  the  first  5  minutes  had  little  practical  significance.  On 
changing  from  an  atmosphere  containing  about  0.9  per  cent 
water  vapor  to  a  dry  atmosphere,  the  resistance  increased 
about  one  hundredfold  in  the  first  minute.     On  changing 


t)ack  to  the  former  atmos]3here,  the  resistance  decreased 
to  about  one  seven-hundredth  of  its  maximum  value  in  one 
minute.  The  resistance  changes  of  the  sulfuric  acid  film 
represented  in  Fig.  4  were  even  more  rapid. 

Probably  the  greatest  drawback  to  the  extensive  use  of 
the  detector  for  quantitative  work  is  the  narrow  range  of 
high  sensitivity  for  any  one  substance,  0.1  to  5  mm.  of  water 
vapor  pressure  for  sulfuric  acid,  2  to  10  mm.  for  phosphoric 
acid,  and  even  narrower  ranges  for  salts  like  rubidium  carbon- 
ate and  calcium  chloride.  The  sensitive  range  of  rubidium 
carbonate  is  slightly  higher  than  that  of  phosphoric  acid 
(it  was  not  very  accurately  determined);  that  of  calcium 
chloride  is  in  the  neighborhood  of  15  mm. 

It  was  found  to  be  impossible  to  let  a  film  come  to  equilib- 
rium with  an  atmosphere  containing  much  water  and  to 
subsequently  reproduce  the  resistance  readings  earlier  ob- 
tained at  low  humidities.  In  every  case,  the  resistance 
increased  under  such  conditions.  It  appears  probable  that 
the  electrolyte  flows  off  the 
surface  of  the  cell  when  it  is 
allowed  to  absorb  too  much 
water.  But  if  the  coating  is 
kept  dry,  or  not  far  from  its 
sensitive  range,  resistance 
readings  are  quite  uniform  and 
reproducible. 

Another  important  disad- 
vantage of  the  detector  is  the 
large  effect  of  temperature.  In 
the  case  of  phosphoric  acid 
and  the  hygroscopic  salts,  an 
increase  of  temperature  expels 
water  from  the  film  and  greatly 
increases  its  resistance.  With 
sulfuric  acid  films  the  effect  of 
temperature  upon  the  com- 
position of  the  film  and  the 
resistivity  of  a  solution  of 
given  composition  are  more 
nearly  balanced  and  the  resul- 
tant coefficient  is  not  nearly  so 
great. 

The  curves  for  sulfuric  and 
phosphoric  acids  in  Fig.  4  can 
be  used  in  connection  with  a 
single  determination  of  resis- 
tance at  known  humidity  to 
establish  a  calibration  curve  for 
any  detector  using  the  same 
compounds  at  about  the  same 
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temperature,  22°  C.  If,  for  example,  a  detector  with  a  sul- 
furic acid  film  which  showed  a  resistance,  R,  in  an  atmosphere 
known  to  have  a  water  vapor  pressure  of  5  mm.  shows  a 
resistance  of  10  R  when  placed  in  a  pipe  line,  it  can  be  seen 
at  once  from  the  curve  that  the  pressure  of  the  water  vapor 
in  the  pipe  must  be  about  1.1  mm.  A  resistance  of  100  R 
would  correspond  to  a  vapor  pressure  of  0.1  mm. 

In  case  such  a  detector  is  used  regularly  it  should  be 
checked  frequently  by  exposing  it  to  an  atmosphere  of  known 
humidity.  It  is  especially  necessary  to  make  this  check 
after  the  detector  is  known  to  have  been  in  an  atmosphere 
of  unusually  high  humidity.  The  coating  should  be  re- 
placed whenever  there  is  reason  to  suspect  that  appreciable 
chemical  change  has  taken  place  or  when  the  resistance  is 
no  longer  in  the  most  easily  measurable  range. 

Fig.  6  shows  a  detector  prepared  for  insertion  into  a  pipe 


line  at  high  pressure.  The  glass  tube  is  platinized  and 
soldered  into  the  steel  bushing  by  the  method  described  by 
McKelvy  and  Taylor.^ 

If  the  same  device  were  combined  with  means  for  reg- 
ulating and  measuring  temperatiu-c,  it  could  certainly  be 
used  for  fairly  accurate  quantitative  work  at  any  range  of 
humidity  by  selecting  the  proper  electrolyte.  If,  for  example, 
an  entirely  nonhygroscopic  salt  of  slight  solubihty  were  used 
for  coating  and  the  resistance  always  brought  to  a  definite 
value  by  changing  the  temperature,  the  apparatus  would 
be  practically  a  dew  point  apparatus  of  small  size  on  which 
the  first  trace  of  condensation  would  be  detected  by  a  much 
more  sensitive  and  generally  applicable  method  than  direct 
vision.  In  this  form  the  apparatus  could  be  located  at  a 
place  inaccessible  for  visual  observation  and  its  indications 
recorded  electrically  if  desired. 


Investigation  of  the  Hypobromite  Method  for  Determining 
Bleach  Requirement  of  Pulps' 


By  T.  M.  Andrews  and  M.  W.  Bray 

Forest  Products  Laboratory,  U.  S.  Forest  Service,  Madison,  Wis. 


TINGLE  recently 
worked  out  a  rapid 
method  for  the  deter- 
mination of  the  bleach  re- 
quirement of  pulp  by  the 
use  of  hypobromite  solu- 
tion.^ He  found  that  by 
using  a  factor  the  results 
agree  closely  with  the 
bleach  used  in  the  mill. 
His  results  are  based 
chiefly  upon  tests  made  on 
a  single  type  of  sulfite  pulp 

and  under  conditions  peculiar  to  his  own  laboratory.  Tliis 
investigation  was  undertaken  in  order  to  determine  the  re- 
liability of  this  test  when  applied  to  various  kinds  of  pulps 
and  under  varying  conditions  not  specified  by  its  originator. 
Tingle's  method  is  briefly  as  follows: 

A  sample  of  0.6  to  0.75  gram  of  oven-dry  pulp  is  dissolved 
in  30  cc.  of  a  mixture  consisting  of  nine  parts  ty  volume  of 
hydrochloric  acid  (sp.  gr.  1.19)  and  one  part  of  sulfuric  acid 
(sp.  gr.  1.84).  To  this  solution  are  added  20  cc.  of  0.1  iV  sodium 
hypobromite.  After  standing  30  minutes  the  excess  bromine 
is  back-titrated  with  0.1  iV  thiosulfate  solution,  and  the  results 
are  calculated  in  terms  of  grams  of  chlorine  per  100  grams  of 
pulp,  designated  the  chlorine  factor.  By  means  of  an  empirical 
factor  {K  =  3)  the  chlorine  factor  is  converted  into  bleach 
required  to  bring  the  pulp  to  a  standard  white  color.  The  acid 
solvent  and  the  standard  solutions  used  in  these  tests  were  the 
same  as  those  used  by  Tingle. 

In  Tingle's  article  it  is  stated  that  only  oven-dry  pulp  can 
be  used.  The  pulps  used  in  the  investigations  at  this  labo- 
ratory have  contained  as  high  as  7.9  per  cent  moisture,  and 
this  can  probably  be  increased  to  10  per  cent  without  too 
great  a  dilution  of  the  acid  solvent.  Those  with  a  higher 
moisture  content  may  be  quickly  dried  to  less  than  10  per 
cent  moisture,  and  the  moisture  accurately  determined  whUe 
the  analysis  is  being  carried  out. 

*  Received  March  30,  1923.  Presented  before  the  Division  of  Cellulose 
Chemistry  at  the  65th  Meeting  of  the  American  Chemical  Society,  New 
Haven,  Conn.,  April  2  to  7,   1923. 

»  Paper,  29,  7  (1922);  This  Journai,,  U,  40  (1922). 


Tingle's  hypobromile  method  for  determining  the  bleach  require- 
ments oj  pulps  has  been  tried  under  varying  conditions  on  sulfite 
and  soda  pulps.  It  was  found  necessary,  in  order  to  avoid  errors 
due  to  volatilization  of  the  bromine,  to  dilute  the  reacting  solution 
and  to  maintain  the  temperature  between  23°  and  28°  C.  For 
sulfite  pulps  the  method  is  of  definite  value  provided  the  necessary 
precautions,  as  pointed  out,  are  properly  observed  and  the  variations 
in  bleach  requirements  are  not  too  great.  For  soda  pulps  the  method 
cannot  be  recommended  without  further  investigation,  owing  to 
an  apparent  lack,  of  constancy  in  the  ratio  of  the  chlorine  factor  to 
the  bleach  required. 


One  difficulty  inlierent  in 
this  method  is  that  the  sam- 
ple is  too  small  to  be  thor- 
oughly representative  of  a 
large  amount  of  pulp.  The 
size  of  the  sample  can  hardly 
be  increased,  however,  with 
any  method  making  use  of 
the  solvent  employed.  By 
raising  the  temperature  to 
50°  C.  a  larger  quantity 
may  be  dissolved,  but  this 
gives  rise  to  serious  errors 
and  the  results  are  entirely  unreliable.  Ordinary  variations 
in  room  temperature  while  dissolving  the  pulp  do  not  appre- 
ciably affect  the  analytical  results.  If  careful  methods  of 
sampling  are  followed,  the  errors  due  to  sampling  should  not 
be  appreciably  greater  than  those  incident  to  other  laboratory 
methods  for  determining  the  bleach  requirements. 

Another  difficulty  with  Tingle's  method  is  that  it  does  not 
take  into  consideration  the  effect  of  temperature  on  the  rate 
and  extent  of  the  reaction.  Further,  it  is  practically  im- 
possible to  add  the  hypobromite  solution  to  concentrated  acid 
without  losing  some  of  the  bromine.  Again,  upon  dilution 
of  this  solution  there  is  a  further  and  much  greater  chance  of 
losing  a  considerable  portion  of  the  bromine. 

Calcium  Hypochlorite  Method 

It  was  found  impossible  to  determine  by  actual  mifl  opera- 
tion the  bleaching  powder  requirements  of  the  pulps  used  in 
this  investigation.  They  were  tested,  however,  by  the 
method  in  regular  use  at  the  Forest  Products  Laboratory 
for  the  determination  of  the  bleach  requirements  by  actual 
calcium  hypochlorite  bleaches.  This  method  consists  in 
subjecting  about  60-gram  samples  of  each  pulp  to  varying 
amounts  of  bleach  in  warm  dilute  solution  with  constant 
stirring  untU  exhausted.  The  bleached  pulps  are  washed, 
made  into  hand  sheets,  dried,  and  compared  with  a  standard. 
The  standard  for  sulfite  pulp  was  a  high-grade,  commercially 
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bleaclied  spruce  pulp,  and  for  soda  pulp  a  typical,  commer- 
cially bleached  aspen  soda  pulp. 

Experimental — Seven  sulfite  and  two  soda  pulps  were 
analyzed  under  various  conditions.  The  results  of  these 
analyses  are  given  in  Table  I.  In  all  these  20  cc.  of  hypo- 
bromite  were  added  to  a  concentrated  acid  solution  of  the 
pulp  and  allowed  to  act  for  30  minutes.  The  first  two  sets 
-of  analyses,  on  Nos.  104  and  101,  were  carried  out  under 
conditions  identical  with  those  employed  by  Tingle,  and  the 
results  do  notj  check  well  among  themselves.  With  No. 
104  there  is  a  variation  of  5.9  per  cent  in  the  amount  of  bleach 
required,  and  with  No.  101  more  than  2.0  per  cent. 

T.\BLE  I — Bleaching  Powder  Required  for  Sulfite  and  Soda  Pulps 

AS  Determined  by  Tingle's  Hypobromite  Method  under  Various 

Conditions 

(0.6-grani  sample,  20  cc.  hypobromite,  acting  for  30  minutes) 


104 
103 


BLEACHI^ 
0.1  N  Hypo-        Hypo- 
Mois-        broraite  bromit 

lure       Consumed 


Temper- 
ature 

°  C.  %  Cc. 

Milseherlhh  Sulfite  Pulp 


Ro 


6.S 


6.S 
6.6 


2 .  .54 
2  44 
2  42 


1,19 
1.00 
1.27 

1.9S 
1.79 
1.6S 


Method 
Spruce  IVvod 


13.2 
12,5 
12.8 

Av.  12.  S 
12.9 
12,4 
12,3 

Av.  12.5 
14,1 
13.0 
12.3 

Av.  13.1 
U.8 
13.7 
13.7 
13.2 

Av.  13.8 
31.1 
32.0 

Av.  31.5 
6.5 
5,4 
6  9 

Av  6,3 
10. S 


9.9 
44   4 


Powder  Required 

Forest  Products 

Laboratory 

Method 


were  not  so  varied.  This  same  pulp,  previously  dried  in 
the  oven,  gave  results  that  were  in  close  accord  with  those 
obtained  with  air-dried  samples  containing  6.6  per  cent 
moisture. 


Table  II — Effect  of  Rate  of  Adding  Hypobromite  Solution  to  Con 

centrated  acid  on  the  loss  of  bromine  by  volatilization  in 

Blank  Tests 


Rate  of  Adding 

Hypobromite 

Normal 


t-thirds  Normal 


One-third  Normal 


Table   III — Titration 


Cc. 

10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 
10.00 


Cc. 
20.01 
20.03 
20.04 
20.07 
20.05 
20.04 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 
20.00 


0.1  N  Thiosulfate 
Cc. 
19.03 
18.48 
18.54 
18.83 
18.78 
18.93 
17.79 
18.15 
18.05 
16.90 
16.56 
17.00 
16.85 


0.1  N  Thiosulfate 

Cc. 
10.08 
10.09 
10.00 
10.02 

9.97 

9.95 

9.87 

9.82 
10.00 
10.00 


The  temperature  at  which  the  hypobromite  reacts  with 
the  pulp  exerts  a  decided  influence.  At  5°  C.  the  bleach 
values  varied  between  5.4  and  6.9  per  cent.  At  18°  C.  they 
approximated  9.9  per  cent  and  at  23°  C,  12.8  per  cent.  A 
further  increase  of  5°  C,  however,  causes  a  rise  of  only 
0.3  per  cent  in  the  bleach  value.  The  results  of  these  anal- 
yses are  shown  by  CurveA,  Fig.  1. 

Table  IV — Bleaching  Powder  Required  for  Mitscherlich  Sulfite 

Spruce  Pulps  by  the  Hypobromite  Method,  Using  Diluted  Acid 

Solution  of  Pulps  under  Varying  Conditions 


(0.6-gram  sample) 

Bleaching  Powder 

Requi 

RED 

0.1  iV                       0.1  .V 

Forest 

Bromine    Time    Bromine 

Hypo- 

Products 

Solution  of  Reac-    Con- 

bromite  Laboratory 

Added        tion       sumed 

Method 

Method 

Cc         Min.         Cc. 

% 

% 

20           30           2.81 

15.3 

12 

2.76 

15.0 

2,79 

15.2 
Av.  15.2 

5           30            1 , 73 

9.4 

12 

Greater  than 


13  92 
13.46 
13.61 


36  0 
73  0 
7Q    1 


V*  Cook  Sulfile—Spr, 
4.4  2.13 


v     14.9 
Wood 


Soda  Pulps — Aspen   Wood 


2.72 

14.6 

3.05 

16.4 

2 ,  77 

14.7 

Av. 

15.2 

l.SS 

10.1 

2,03 

10.9 

Av. 

10.5 

Pulp  No.  103  was  analyzed  under  the  same  conditions, 
except  that  the  temperature  was  kept  at  23°  C.  during  the 
period  of  the  reaction  with  the  hypobromite  and  the  results 


2.76 

Av 

15.0 
15.1 

6.4 

10 

30 

2,. 88 
2,91 

Av 

15.6 
15.7 
15.7 

6.4 

10 

40 

2  98 
3.02 

Av, 

16.2 
16.4 
16.3 

6.4 

10 

90 

3.10 
3.07 
3.07 

Av. 

16.8 
16.7 
16.7 
16.7 

6.4 

10 

120 

4.18 
3.83 
3.68 

Av. 

22.6 
20.8 
20.0 
21.1 

6.4 

10 

20 

2.48 
2.43 

Av. 

13.4 
13.2 
13.3 

6.4 

10 

20 

2.77 
2.76 
2.76 
2.67 

Av. 

15.0 
15.0 
15.0 
15.5 
15.1 
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Temperature    in    Degrees    Centigrade 
Fig.  1 — Relation  of  Time  aud  Temperature  of  Reaction  to  Bleach  Requi 


The  errors  due  to  losses  of  bromine  by  \olatilization  may 
be  well  illustrated  by  the  results  obtained  in  standardizing 
the  hypobromite  solution  against  0.1  N  thiosulfate  solution, 
as  given  in  Table  II.  These  were  all  run  in  the  same  manner, 
time,  and  dilution  as  regular  analyses,  with  the  exception 
that  the  rate  of  adding  hypobromite  solution  was  varied. 

By  dOuting  the  acid  with  300  cc.  of  water  prior  to  adding  the 
hypobromite,  the  volatilization  losses  were  reduced  and  more 
concordant  results  were  obtained,  as  indicated  by  the  results 
in  Table  III.  Each  pair  of  results  was  determined  on  different 
days  and  with  a  different  strength  of  hypobromite  solution. 

Tingle's  method  was  modified,  therefore,  by  diluting  the 
acid  solution  of  the  pulp  with  300  cc.  of  water  at  the  tem- 
perature desired  for  the  reaction  prior  to  the  addition  of  the 
hypobromite.  Several  pulps  were  tested  bj'  this  modified 
method  under  a  variety  of  conditions.  The  results,  given 
in  Table  IV,  show  the  effect  of  time,  temperature,  and  con- 
centration of  the  reagent. 

With  20  cc.  of  hypobromite  acting  in  a  concentrated  solu- 
tion for  30  minutes  at  23°  C,  bleach  values  ranging  from 
12.5  to  13.3  per  cent  were  obtained  for  No.  103.  With 
dilute  solution,  under  corresponding  conditions,  these  values 
ranged  from  15.0  to  15.3  per  cent.  By  a  similar  treatment 
with  5  cc.  of  hypobromite  bleach,  values  from  9.4  to  9.9  were 
obtained.  Apparently,  this  concentration  is  not  sufficient 
for  the  reaction.  However,  with  10  cc.  of  hj-pobromite 
acting  for  only  20  minutes,  values  from  11.6  to  11.7  were 


obtained,  which  are  very  close  to  12.0  per  cent  as  found 
by  the  Forest  Products  Laboratory  method.  Pulp  No. 
101  treated  with  10  cc.  of  hypobromite  for  20  minutes  gave 
values  from  15.0  to  15.5  per  cent,  which  agree  with  the  value 
obtained  by  the  Forest  Products  Laboratory  method. 

Curve  C,  Fig.  1,  show-s  the  effect  of  time  on  the  consump- 
tion of  bleach.  The  reaction  proceeds  rapidly  for  the  first 
20  minutes  and  then  continues  slowly  for  the  next  70  minutes. 
.\fter  90  minutes  a  secondary  reaction  apparently  sets  in, 
causing  a  more  rapid  bromine  consumption.  For  practical 
reasons  the  shortest  time  of  reaction  is  desned.  No  appre- 
ciable advantage  is  evident  in  the  use  of  a  period  longer  than 
20  minutes. 

The  effect  of  temperature  was,  therefore,  determined,  using 
10  cc.  of  hj-pobromite  for  a  period  of  20  minutes.  The 
results.  Curve  B,  Fig.  1,  show  that  a  variation  from  23°  to 
28°  C.  produced  little  effect  upon  the  results.  Decreasing 
the  temperature  below  23°  C,  however,  rapidlj'  reduced  the 
rate  of  reaction. 

The  conditions  for  the  analysis  most  favorable  to  secure 
reproducible  results  which  are  at  the  same  time  comparable 
with  those  obtained  by  the  Forest  Products  Laboratorj- 
method,  are  to  use  10  cc.  of  hypobromite  with  a  dilute  acid 
solution  of  the  pulp  and  aOow  the  reaction  to  proceed  for 
20  minutes  at  a  temperature  between  23°  and  28°  C.  The 
following  modified  analj'tical  procedure  is,  therefore,  recom- 
mended. 
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Table  V — Bleaching  Powder  Required  for   Sulfite  and  Soda  Pulps 

BY  Modified  Hypobromitk   Method 

(0.6-gram   sample,   10  cc.   0.1  A^   hypobromite   solution,   acting   20 

minutes  at  23°  C.) 

Bleaching 
Powder  Required 

0.1  A'  Products 

Hypobro-  Hypo-         Labo- 

Mois-  mite  bromite       ratory 

ture       Consumed         Method      Method 
No.        Wood  Species  %  Cc.  %  % 

Milscherlkh  Sulfite  Pulps 
31  Spruce  4.4  3.85  20.4  24 

3.95  20.8 

Av.  20.6 
5.4  3.30  17.7  IS 

3.35  18.0 

Av.  17.9 
7.9  2.50  13. S  12 

2.48  13.7 

Av.  13.8 
Spruce  6.4  2.86  15.5  15 

2.76  15.0 

2.76  15.0 

Av.  15.1 
6.6  2.12  11.6  12 


120 


Spru 
Spru 


103 


11. 


149 


154 


3.9 


4  3 


Spn 
Spn 

22  Spn 

142  Jack  pine  4.0 

145 


Aspen 


2.15  11.7 

Av.  11,7 
2.47  12. .S  12 

2. 52  13.2 

Av.  13.0 
2.67  14.2  15 

2.67  14.2 

Av.  14.2 
Quiik  Cook  Sulfite  Pulps 

4   3  2.98  15.8  13 

3.00  15.8 

Av.  15,8 
2.85  15.0  14 

2.92  15.3 

Av.  15.2 
Jack  pine  4,0  3.10  16.4  IS 

3.10  16.4 

Av.  16.4 
Soda  Pulps 
116  Aspen  6.2  2.01  10.9  18 

6.2  2.05  11.1 

Av.  11,0 
94  Aspen  5,6  3,03  16   3  20 

5,6  3.19  17.1 

Av.  16.7 
3.9  1.63  8.6 

3.9  1.66  S.7 

Av.     8.7 
Aspen  5.2  2.32  12.4  17 

5.2  2.3S  12.7 

Av.  12.6 
Jack  pine  5.6  3.42  18.4  30 

5.6  3.37  18.1 

Av.  18.2 


Modified  Analytical  Procedure 

Place  0.6  to  0.75  gram  of  the  pulp  in  a  dry,  500-cc.  bottle 
having  a  well-ground  glass  stopper.  Add  30  cc.  of  the  acid 
solvent  consisting  of  nine  parts  by  volume  of  hydroclJoric 
acid  (sp.  gr.  1.19)  and  one  part  of  sulfuric  acid  (sp.  gr.  1.84), 
and  shake  from  time  to  time  for  about  an  hour  untU  the  pulp 
is  in  solution.  There  is  a  certain  amount  of  dark  material 
that  does  not  entirely  dissolve.  All  hard  pieces  can  be 
disintegrated  with  a  glass  rod.  When  solution  is  complete, 
bring  to  23°  C.  and  add  300  cc.  water  (23°  C),  and  shake 
thorouglily.  Then  add  10  cc.  of  alkaline,  0.1  A''  bromine 
solution  (8  grams  of  bromine  to  1000  cc.  0.1  A'^  sodium  hy- 
droxide solution)  douTi  the  side  of  the  bottle,  stopper,  shake 
well,  and  aUow  to  stand  20  minutes  with  occasional  gentle 
agitation  in  a  room  at  23°  C.  or  in  a  water  bath  at  the  same 
temperature.  Stop  the  reaction  by  adding  2  grams  of  potas- 
sium iodine  dissolved  in  25  cc.  water  and  titrate  immediately 
with  0.1  A'^  thiosulfate,  adding  starch  indicator  toward  the 
end.  Since  iodine  is  adsorbed  by  the  pulp,  the  thiosulfate 
should  be  added  slowly  just  before  the  end  of  the  reaction. 
The  final  end  point  is  reached  when  only  a  cream-colored  or 
white  suspension  remains.  Results  should  check  within  a 
range  of  0.1  to  0.5  per  cent  bleach. 

Analyses  of  additional  pulps  were  made  to  check  this 
method,  and  the  results  are  given  in  Table  V.  Duplicate 
tests   show   satisfactory   agreement.     In    No.   31    there    is 


a  variation  of  3.5  per  cent  from  the  results  of  the  Forest 
Products  Laboratory  method,  due  possibly  to  the  high 
amount  of  bleach  required.  Possibly,  for  pulps  having  a 
bleach  consumption  greater  than  20  per  cent  either  a  larger 
amount  of  hypobromite  or  a  larger  factor  wiU  be  necessary. 
With  Nos.  96  and  120  there  is  a  maximum  variation 
from  the  results  of  the  Forest  Products  Laboratory  method 
of  1.8  per  cent  and  0.3  per  cent,  respectively.  No.  22,  a 
quick  cook,  shows  a  bleach  value  only  0.2  per  cent  less  than 
the  Forest  Products  Laboratory  result. 

The  bleach  requirements  of  the  soda  pulps,  Nos.  116, 
94,  17,  and  80,  were  difficult  to  determine  accurately 
by  the  Forest  Products  Laboratory  method.  The  relation 
between  these  results  and  those  in  mill  practice  has  not  been 
as  thoroughly  established  as  for  the  sulfite  pulps,  so  that 
variation  between  the  two  methods  cannot  be  used  as  evidence 
against  the  values  obtained  by  the  hypobromite  method. 
This  is  especially  true  in  view  of  the  splendid  agreement 
(Table  VI)  of  the  results  of  duplicate  tests  by  the  latter  method 
on  the  same  pulp.  The  bleach  requirement  is  relatively 
high  for  all  the  soda  pulps  tested,  and  it  is  possible  that 
more  hypobromite  or  different  conditions  of  time  and  tem- 
perature will  be  necessary  to  give  optimum  results.  These 
have  not  been  further  investigated. 

Table  VI — Ratio  of  Bleaching  Powder  Required  for  Soda  Pulps  by 
Forest    Products    Laboratory    Method    to    Bleaching    Powder 
Equivalent  of  Hypobromite  Consumed 
Bleaching 
Bleaching         Powder 
Powder  Required 

Equivalent       by  Forest 
to  Hypo-         Products 
bromite        Laboratory 
Consumed         Method 

A  B  Factor 

Sample      Wood  Species  %  %  B/A 

116  Aspen  3.7  18  4.9 

94  Aspen  5.6  20  3.6 

17  Aspen  4.2  17  4.0 

SO  Jack  pine  6.1  30  4.9 

The  use  of  the  factor  3  for  soda  pulps  indicates  a  bleach 
requirement  too  low  in  every  case.  Recalculation  of  the 
actual  ratio  between  the  bleach  requirement  as  measured  by 
the  two  methods  gives  values  ranging  from  3.6  to  4.9,  which 
are  far  from  constant. 

Conclusions 

Without  further  investigation  the  hypobromite  method 
cannot  be  recommended  for  soda  pulps.  For  sulfite  pulps, 
however,  the  method  can  be  expected  to  have  definite  value 
provided  the  various  precautions  suggested  in  the  modified 
method  are  properly  observed. 


Advisory  Board  for  Carnegie  Institute  of  Technology 

One  of  the  most  important  recent  developments  at  Carnegie 
Institute  of  Technology  has  been  the  organization  of  an  advisory 
board  of  Pittsburgh  business  and  scientific  men  to  cooperate 
with  the  work  of  the  Department  of  Mining  and  Metallurgy. 
C.  W.  Heppenstall,  president  of  the  Heppenstall  Forge  &  Knife 
Company,  has  been  elected  chairman  of  this  board.  The  im- 
mediate function  of  the  advisory  board  will  be  to  cooperate 
with  the  institute  in  the  solution  of  current  problems  aflecting 
the  work  of  the  Mining  and  Metallurgy  Department. 

Beginning  with  the  next  college  year,  the  Institute  of  Tech- 
nology announces  that  special  courses  for  graduates  of  liberal 
arts  and  technical  colleges  will  be  given  by  the  Department  of 
Mining  and  Metallurgy.  The  purpose  of  these  courses  will  be 
to  train  young  men  for  jobs  in  the  metallurgical  and  allied  in- 
dustries leading  to  positions  of  managerial,  sales,  and  executive 
capacities.  A  consistent  demand  is  being  made  in  this  and  other 
iron  and  steel  producing  districts,  for  college  men,  particularly 
in  the  nontechnical  capacities,  from  the  lack  of  whom  this  indus- 
try has  long  suffered.  The  cooperation  of  the  newly  organized 
advisory  board  has  already  been  provided  in  preparing  the 
curricula  for  these  courses. 
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Formation  of  Maltose  in  Sweet  Potatoes  on  Cooking' 

By  H.  C.  Gore 
Ffuit  .\nd  Vegetable  Utilization  Laboratory,  Bureau  op  Chemistry,  Washington,  D.  C. 


UNTIL  very  recently 
W.  E.  Stone^  was 
the  only  chemist 
who  had  reported  on  the 
changes  in  composition  of 
sweet  potatoes  which  occur 
during  cooking.  He  showed 
that  dextrin  was  formed, 
and  that,  while  it  was  pos- 
sible to  isolate  sucrose  from  raw  sweet  potatoes  by  allowing 
it  to  crystallize  from  the  alcohol  extract,  sucrose  could  not 
be  thus  prepared  from  baked  sweet  potatoes. 

It  has  been  shown  by  the  'WTiter^'^  that  sweet  potatoes 
are  rich  in  diastase  and  that  upon  slowly  cooking  Porto  Rico 
potatoes  nearly  aU  of  the  starch  changes  into  dextrin  and 
maltose.  Magoon  and  Culpepper^  found  that  similar  changes 
occur  in  sweet  potatoes  during  canning. 

The  work  described  below  shows  that  maltose,  the  sugar 
always  formed  in  the  saccharifieation  of  starch  bj'  diastase, 
forms  in  large  quantity  during  cooking.  The  increases  in 
sugars  calculated  as  maltose,  determined  by  copper  reduction, 
agree  substantiaUy  with  the  increases  in  sugar  determined 
by  polarization  when  similarlj'  calculated.  Moreover,  it  is 
possible  to  isolate  crystalline  maltose  in  quantity  from  the 
alcohol  extract  of  cooked  sweet  potatoes.  The  sacchari- 
fieation is  shown  not  to  occur  at  the  boiling  point.  The  evi- 
dence that  the  formation  of  the  maltose  in  the  sweet  potato 
is  due  to  diastase  is  thus  fairly  conclusive.  It  is  shown 
also  that  sugar  formation  in  the  initial  stages  of  the  action 
of  the  diastase  on  the  starch  of  sweet  potato  tissue,  while 
not  instantaneous,  is  extremely  rapid — e.  g.,  slices  of  sweet 
potato  dropped  one  by  one  into  boiling  water  developed 
about  7  per  cent  of  sugar  calculated  as  maltose  during  the 
brief  period  when  they  were  passing  tlirough  the  range  at 
which  diastase  is  active,  this  phenomenon  indicating  the 
close  association  of  diastase  mth  starch  in  the  cells  of  the 
sweet  potato. 

The  foregoing  facts  have  many  practical  bearings.  So 
far  as  is  now  kno^N-n,  they  are  unique  and  peculiar  to  the 
sweet  potato.  It  is  evident  that  the  formation  of  maltose 
is  of  paramount  importance  in  the  production  of  delicious 
cooked  sweet  potatoes  as  we  know  them.  The  extremelj' 
rapid  action  of  the  diastase  explains  how  it  is  that  sweet 
potatoes  develop  a  fair  amount  of  maltose  even  in  the  tissues 
near  the  outer  surfaces  when  quickly  heated  m  steam  or  in 
rapidly  boiling  water.  Differences  in  diastatic  power  be- 
tween different  varieties  of  sweet  potatoes,  and  between 
sweet  potatoes  grown  under  different  cultural  conditions 
or  kept  under  different  conditions  of  storage,  may  be  related 
to  such  factors  as  table  or  canning  quality,  and  thus  serve 
as  a  guide  in  the  further  development  of  sweet  potatoes 
from  the  horticultural  standpoint.  It  is  likely,  too,  that  the 
information  wUl  be  of  value  as  a  guide  in  working  out  the 
best  methods  of  cooking  or  canning  sweet  potatoes,  especially 
when  the  liighest  practicable  content  of  sugar  is  desired  in 

*  Presented  before  the  Division  of  Agricultural  and  Food  Chemistry 
at  the  65th  Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn., 
April  2  to  7,  1923. 

'  Ber.,  23,   1406  (1890). 

•  J.  Biol.  Chem..  41,  19  (1920). 
<  Ckem.  Age,  29,  151  (1921). 

»  V.  S.  Dfpi.  Agr  ,  BM.  1041  (1922). 


The  presence  of  maltose  in  coof^cd  sweet  potatoes  is  shown  by  the 
agreement  of  the  quantity  of  sugars  determined  by  copper  reduction 
with  the  quantities  measured  by  polarization  and  by  its  isolation 
in  crystalline  form. 

Sugar  is  not  formed  at  the  boiling  point.  It  is  formed  very  rapidly, 
although  not  instantaneously ,  during  the  initial  stages  of  the  diges- 
tive action. 


the  finished  product.  Again, 
it  is  known  that  as  a  con- 
sequence of  the  autolysis, 
sweet  potatoes  require  far 
less  malt  in  preparing  them 
for  sirup-making,  or  for 
fermenting  and  distilling, 
than  other  like  materials. 
This  fact  will  cheapen 
methods  of  utilizing  sweet  potatoes  industrially  as  sources 
of  sirup,  alcohol,  vinegar,  or  other  products  requiring  the 
digestion  of  the  starch  through  the  use  of  malt.  Thus, 
in  sirup-making''  a  trifling  amount  of  barley  malt  only,  from 
0.2  to  0.1  per  cent  of  the  weight  of  the  potatoes,  is  required. 
Since  upon  cooking  sweet  potatoes  at  least  half,  and  fre- 
quently nearly  all,  of  the  starch  present  becomes  converted 
into  sugar,  our  concept  of  the  sweet  potato  as  a  starchy  food 
should  be  revised,  since  when  consumed  by  man  it  really 
is  saccharine  rather  than  starchy. 

It  is  possible  too  that,  like  barley,  the  sweet  potato  may 
become  an  important  industrial  source  of  diastase.  It  has 
already  been  shown'  that  raw  sweet  potato  tissue  retains  its 
diastase  during  drying,  and  that  the  meal  or  flour  produced 
by  grinding  has  a  diastatic  power  at  least  twice  that  of  barley 
malt.  In  the  sweet  potato  the  diastase  occurs  ready  formed, 
and  does  not  have  to  be  developed  by  the  malting  process. 

Changes  in  Composition  upon  Cooking 
AS  IN  Sirup-Making 

A  satisfactory  heat  treatment  for  potatoes  in  the  production 
of  sweet  potato  sirup  consists  of  cooking  in  live  steam  at 
atmospheric  pressure  for  an  hour  and  a  half,  allowing  the 
condensate  to  run  to  waste  during  at  least  the  first  hour. 
In  the  experiment  described  below  Southern  Queen  sweet 
potatoes,  grown  and  stored  at  the  ArUngton  Experimental 
Farm,'  were  used.  They  were  washed,  trimmed  by  cutting 
away  aU  dried  tissue  resulting  from  healed  bruises  and  with- 
ered ends  of  roots,  and  sampled  by  cutting  sections  from  a 
number  of  potatoes  taken  at  random.  The  sample  of  raw 
potato  was  ground  bj'  forcing  through  the  die  of  a  special 
sampling  press  of  Austrian  make,  kno'mi  as  a  "Herles" 
press.*  The  weight  of  trimmed  potatoes  was  IS  kg.  They 
were  placed  in  a  25-gaUon,  steam-jacketed  copper  kettle 
and  cooked  for  an  hour  and  a  half  in  a  current  of  live  steam 
delivered  from  a  pipe  which  passed  through  a  slot  in  the  cover 
of  the  kettle  and  terminated  near  the  bottom.  During  the 
cooking  the  condensed  water  flowed  away  continuously 
through  an  opening  in  the  bottom  of  the  kettle.  After 
cooking  the  weight  was  17.8  kg.  The  potatoes  were  reduced 
to  a  pulp  by  stirring,  and  a  sample  was  taken  for  analysis. 

The  ^Slethods  of  Analysis  of  the  Association  of  Official 
Agricultural  Chemists  were  used.  Solids  were  determined 
bjf  drymg  to  constant  weight  in  vacuo  at  70°  C.  In  deter- 
mining carbohydrates,  samples  of  26  grams  were  taken. 
Each  sample  was  washed  into  a  beaker  with  95  per  cent 
alcohol  and  heated  to  boiling.     It  was  then  thrown  on  a 

•  Gore,  Reese,  and  Reed,  U.  S.  Dept.  Agr.,  Bull.  1168  (1923). 

'  Thanks  are  due  J,  H.  Beattie,  of  the  Office  of  Horticulture  and  Po- 
mology of  this  department,  for  the  generous  supplies  of  typically  cured 
sweet  potatoes  used  in  this  work  and  in  all  the  subsequent  experiments. 

•  A  similar  press  is  described  by  Clark,  This  Journal,  9,  788  (1917). 


September,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


939 


suction  filter,  the  pulp  on  the  filter  washed  with  alcohol  and 
returned  to  the  beaker.  Here  it  was  heated  with  a  fresh 
portion  of  alcohol  and  the  extraction  process  repeated  several 
times.  The  extracts  were  combined,  a  little  calcium  car- 
bonate added,  and  the  whole  was  evaporated  on  the  steam 
bath  to  a  thin  sirup.  This  was  made  up  nearly  to  100  cc. 
with  water,  a  little  lead  acetate  solution  added,  and  the 
volume  completed  to  100  cc.  After  filtering,  the  excess  of 
lead  was  removed  by  dry  potassium  oxalate.  Reducing 
sugar  before  and  after  inversion  with  hydrochloric  acid  was 
determined  by  the  method  of  Munson  and  Walker.  Starch 
(together  with  dextrin  insoluble  in  95  per  cent  alcohol)  was 
determined  by  heating  the  exhausted  pulp  with  hydrochloric 
acid  by  the  official  method  and  estimating  the  reducing  sugars 
formed.     The  results  are  given  in  Table  I. 


Table  I- 

-Sugar 

;  Formation  on 

COOKINC 

;  Sweet  Potatoes 

Reduc- 

Increase   in 

ing 

Sugar 

Calcu- 

Su- 

Sugar 
Calcd. 

L.1TED  , 
TOSE 

AS  Mal- 
Deter- 

"bT 

as 

MINE 

!D     BV 

Polarizations 

Polari. 

.    Mal- 

Reduc- 

Polariza 

Direct 

Invert 

zatioD 

tose 

tion 

lion 

Description 

°  V. 

°  V. 

% 

% 

% 

% 

Southern  Queen 

Raw- 

2.85/ 

0.00 

2.1.'! 

0.23 

Cooked  in  steam6 

26.70/ 

23.3 

2.56 

11.93 

ii!70 

li!46 

Nancy  Hall 

Raw 

1.85" 

0.39 

4.52 

0.39 

Baked  No,  Ic 

18.95« 

16.45 

5.06 

19.69 

Baked  No.  2c 

16.2. 

14.2 

4.04 

17.57 

Baked  No.  Id 

15. 6« 

13.5 

4.16 

16.19 

is's 

17^2 

Baked  No.  2<t 

12.5" 

11.0 

3.12 

13.56 

13.17 

13.3 

Southern  Queen 

Raw 

2.85/ 

0.23 

Whole  boiled 

32.8/ 

15.02 

14. 79 

14'4 

Sliced  boiled 

17.2/ 

7.51 

7.28 

6.9 

Southern  Queen 

Cubed    A    in. 

,  raw 

1.5« 

0.34 

Cubed  «/i»in., 

heated 

7.2« 

8.32 

7!98 

7!i3 

5  minutes 

Cubed  Vie  in. 

,  heated 

1    7.05« 

7.82 

7.48 

6.94 

1   hour 

Nancy  Hall 

Cubed  Vs  in.. 

raw 

1.9« 

Cubed  '/sin., 

heated 

4.S« 

3'25 

1    minute 

Cubed  Ve  in., 

ground 

2.35« 

0.56 

and  added  to  boil- 

ing  water 

o  Solids,  33.90;  starch,  22.85  per  cent. 

b  Solids,  35.30;  starch  and 

dextrin, 

11.77  per  cent. 

c  On  basis  of  sample  as  an: 

ilyzed. 

d  On  basis  of  raw 

weight. 

.  10-gram  s 

iample  i 

in  100  c 

c. 

/  26-gram  s 

ample  i 

n  100  c< 

A  large  proportion  of  the  starch  was  digested,  the  per- 
centage changing  from  22.85  to  11.77  per  cent.  As  a  con- 
siderable proportion  of  dextrin  was  included  with  the  starch, 
the  actual  quantity  of  starch  was  lower  than  indicated  by 
analysis.  The  sucrose  content  did  not  change  materially.  A 
large  increase  in  reducing  sugars  estimated  as  maltose  (11.70 
per  cent)  occurred.  The  increase  in  polarization  calculated 
as  maltose  was  11.46  per  cent.  According  to  Browne,^  the 
normal  weight  of  maltose — that  is,  the  amount  of  maltose 
which  if  dissolved  in  water  and  made  up  to  100  cc.  would 
polarize  at  100°  V.  in  a  2-dm.  tube — is  12.506  grams.  Ac- 
cordingly, a  solution  containing  1  gram  of  maltose  in  100 
cc.  will  polarize  at  8°  V.  The  increase  in  polarization  ob- 
served—23.85  degrees  corresponds  to  2.98  grams  per  100  cc, 
or  to  2.98  X  100  divided  by  26,  or  11.46  per  cent. 

B. IKING 

Three  large,  typically  shaped  Nancy  Hall  potatoes  were 
used.  One  was  used  for  analysis  in  the  raw  state.  Samples 
of  tissue  were  cut  from  various  portions,  reduced  to  pulp 
in  the  sampling  press,  and  sugars  determined  in  10-gram 
samples  by  the  method  described  above.  The  other  two 
potatoes  were  each  fitted  with  a  thermometer  reaching  to 
the  center  of  the  potato.  The  baking  was  done  in  an  electric 
baking  oven  previously  heated  to  200°  C.  and  maintained 
at  this  temperature  during  the  baking.    At  the  end  of  23 

»  "Handbook  of  Sugar  Analysis,"  1912,  p.  197. 


minutes  the  temperatures  recorded  were  48°  and  49°  C, 
respectively.  At  the  end  of  an  hour  the  temperatures  were 
92°  and  94°  C.  At  the  end  of  77  minutes  the  temperatures 
were  99°  and  100°  C,  when  the  potatoes  were  removed  and 
allowed  to  cool.  The  raw  potato  used  for  analysis  weighed 
441  grams.  The  two  baked  potatoes  weighed  450  and 
396.5  grams,  respectively,  before  baking,  and  370  and  306 
grams  after  baking  and  cooling.  None  of  the  tissues  became 
carbonized.  Each  baked  potato  was  ground  for  analysis 
by  passing  it  through  a  meat  chopper,  and  10-gram  samples 
were  then  taken.  The  sugars  were  extracted  by  the  alcohol 
exhaustion  method  already  described.  The  analyses  of  the 
baked  potatoes  are  given  both  in  terms  of  the  sample  as 
analyzed  and  calculated  to  the  basis  of  the  original  weight 
before  baking.  The  results  are  shown  in  Table  I.  The 
sucrose  content  remained  substantially  unchanged.  A  very 
large  increase  in  percentage  of  reducing  sugar  reckoned  as 
maltose  occurred,  amounting  to  15.8  and  13.17,  respectively. 
These  values  agree  fairly  well  with  the  figures  for  the  increase 
in  the  percentage  of  maltose  determined  by  polarization, 
17.20  and  13.3,  respectively. 

Cooking  of  Whole  and  Suced  Sweet  Potatoes 

One  kilogram  of  pared  Southern  Queen  potatoes,  consisting 
of  three  large  roots,  was  covered  with  water  in  a  sauce  pan, 
and  heated.  Nine  minutes  were  required  for  the  water  sur- 
rounding the  potatoes  to  come  to  the  boiling  point.  They 
were  boiled  for  an  hour  and  a  half,  occasionally  replacing 
the  water  which  evaporated  with  fresh  portions  of  boiling 
water,  thus  keeping  them  covered  at  aU  times.  The  water 
and  potatoes  were  then  mashed  together  to  form  a  smooth 
pulp  and  weighed.  Samples  weighing  45.77  grams,  corre- 
sponding to  26  grams  of  the  original  potato,  were  taken, 
and  reducing  sugar  was  determined  by  the  methods  described 
above. 

Another  lot  of  cooked  potatoes  was  prepared  at  the  same 
time  by  washing  and  paring  three  large  potatoes  and  slicing 
from  Vs  to  V4  inch  thick  in  a  slicing  machine.  One  kilogram 
of  the  slices  was  used.  They  were  cooked  by  dropping  them 
one  by  one  into  boiling  water  in  a  sauce  pan,  kept  boOing 
while  the  slices  were  being  added.  Four  minutes  were  re- 
quired for  adding  the  slices.  They  were  then  boiled  for  an 
hour  and  a  half.  The  cooked  slices  were  reduced  to  pulp  in 
the  water  in  which  they  were  cooked,  weighed,  sampled,  and 
analyzed,  the  sample  weight  used  being  54.34  grams,  corre- 
sponding to  26  grams  of  the  original  potatoes.  The  results 
are  shown  in  Table  I. 

The  potatoes  cooked  whole  contained  15.02  per  cent  of 
reducing  sugar  calculated  as  maltose,  but  half  as  much  re- 
ducing sugar,  7.51  per  cent,  was  found  in  the  cooked  sliced 
potato.  The  higher  sugar  content  in  the  potatoes  cooked 
whole  can  be  ascribed  to  the  fact  that  the  potato  tissues 
were  kept  for  longer  periods  within  the  temperatures  at 
which  the  diastase  was  active  than  in  case  of  the  sliced  potato 
dropped  into  boOing  water.  The  most  striking  feature, 
however,  is  the  formation  of  so  large  an  amount  of  reducing 
sugar  during  the  few  moments  required  to  heat  the  slices 
as  they  were  added  to  the  boOing  water.  Thus,  7.51  per  cent 
of  reducing  sugar  as  maltose  was  found  in  the  cooked  slices, 
but  0.23  per  cent  being  present  in  the  raw  potato  before 
cooking.  There  remained  the  possibility,  however,  that 
more  or  less  sugar  formation  might  have  occurred  during  the 
boiling  period.  Accordingly,  the  experiments  described 
below  were  made. 

Cooking   Finely   Divided  Sweet  Potato 

Southern  Queen  sweet  potatoes  were  cut  into  small  cubes 
and,10-gram  samples  were  heated  for  5  and  60-minute  periods 


940 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  9 


in  boiling  water.  The  cubes  were  prepared  in  a  slicing  ma- 
chine and  were  approximately  Vis  inch  in  each  dimension. 
Determination  of  the  sugars  present  in  the  raw  cubes  was 
made  by  finely  crushuig  10-gram  samples  in  a  portion  of  water 
with  a  little  alcohol,  washing  into  a  beaker,  and  boiling  with 
alcohol,  throwing  on  a  suction  filter  and  thoroughly  exhaust- 
ing the  residue  by  returning  it  to  the  beaker  and  boiling  with 
alcohol,  again  filtering,  and  repeating  the  exhaustion  of  the 
potatoes.  The  alcohol  extracts  were  combined  and  the  de- 
termination was  finished  as  already  described,  the  de-alco- 
holized solutions  bemg  diluted  to  100  cc.  for  polarization. 

In  the  heating  tests,  10-gram  samples  of  the  cubes  were 
transferred  to  400-cc.  beakers.  Each  portion  was  then 
treated  with  50  cc.  of  boiling  water,  set  immediately  on  a 
burner  and  quickly  heated  to  boiling,  from  50  seconds  to 
1  minute  being  required.  The  boiling  was  then  continued 
for  4  minutes  longer  in  one  test.  In  the  other  the  total 
heating  period  was  1  hour,  during  which  time  the  volume  of 
water  was  kept  nearly  constant  by  the  occasional  addition 
of  boiling  water.  At  the  end  of  the  heating  period,  2  ^•olumes 
of  95  per  cent  alcohol  were  added  to  each  beaker,  the  liquid 
was  decanted  off,  and  the  cubes  were  transferred  to  a  mortar 
and  finely  crushed.  Liquid  and  pulp  were  then  returned  to 
the  beaker,  boiled,  the  liquid  filtered  off,  and  the  pulp  ex- 
tracted twice  by  boiling  with  alcohol.  The  extracts  were 
collected,  evaporated,  and  sugars  determined  by  methods 
already  described.  The  raw  potatoes  contained  0.34  per 
cent  of  reducing  sugar  calculated  as  maltose,  the  cubes  cooked 
for  5  minutes  in  boiling  water  contained  8.32  per  cent,  and 
the  cubes  cooked  for  1  hour,  7.82  per  cent.  Thus,  no  sugar 
formation  occurred  at  the  boiling  point.  The  experiment 
again  demonstrated  the  extremely  rapid  saccharification 
which  occurs  when  sweet  potato  tissue  is  heated  through  the 
temperature  range  at  which  the  diastase  acts. 

Instantaneous  Heating  of  Sweet  Potatoes 

Very  small  cubes,  about  '/e  inch  in  each  dimension,  of 
Nancy  Hall  potato  wei'e  jjrepared.  Sugar  was  determined 
in  10-gram  portions  of  the  raw  cubes  bj^  crushing  in  a  mortar 
in  alcohol  and  completing  the  determination  in  the  manner 
already  described.  Two  heating  tests  were  made.  In  one, 
a  10-gram  portion  was  added  to  25  cc.  of  boiling  water  con- 
tained in  a  beaker,  set  over  a  burner,  and  strongly  heated. 
Thirty  seconds  were  required  for  the  resumption  of  boiling 
after  the  10-gram  portion  had  been  added.  The  boiling  was 
continued  for  30  seconds  longer,  when  the  contents  of  the 
beaker  was  transferred  to  a  mortar  and  50  cc.  of  95  per  cent 
alcohol  added.  The  cubes  were  then  crushed,  the  sugars 
extracted  and  estimated,  as  previously  described.  In  the 
other  test,  a  portion  of  the  fresh  cubes  was  forced  through 
the  Herles  press.  Ten  grams  of  the  resulting  pulp  were 
mixed  with  25  cc.  of  water  and  slowly  poured  with  constant 
stirring  into  a  beaker  containing  50  cc.  of  actively  boiling 
water.  Two  volumes  of  95  per  cent  alcohol  were  then  added. 
The  sugars  were  then  extracted  and  estimated  in  the  usual 
manner,  the  polarizations  only  being  determined. 

The  results  are  shown  in  Table  I.  During  the  heat  treat- 
ment lasting  for  1  minute,  3.2  per  cent  of  reducing  sugar 
calculated  as  maltose  formed  in  the  potato  tissue.  When 
the  rate  of  heating  to  boiling  was  increased  stUl  further  by 
adding  the  suspended  pulp  slowly  to  actively  boiling  water, 
but  0.56  per  cent  of  reducing  sugar  similarly  calculated  was 
formed. 

Preparation  of  Crystalline  Maltose 

Thi-ee  carefully  washed  and  trimmed  Nancy  Hall  sweet 
potatoes,  weigliing  1  kg.,  were  baked  for  1 V4  hours  in  an  elec- 
tric baking  oven  at  about  200°  C.    They  were  then  removed 


and  allowed  to  cool.  They  then  weighed  781  grams.  They 
were  reduced  to  pulp  and  200  grams  were  exhausted  with 
four  successive  portions  of  alcohol.  In  making  the  first 
extraction  1  liter  of  95  per  cent  alcohol  was  used.  Five 
hundred  cubic  centimeters  of  90  per  cent  alcohol  were  used 
in  each  of  the  three  subsequent  extractions.  In  making  each 
extraction  the  alcohol  and  pulp  were  digested  in  the  steam 
bath  under  a  return  condenser  for  an  hour,  allowed  to  cool, 
and  then  filtered  on  a  Biichner  funnel  with  suction.  Each 
extract  was  evaporated  to  a  thin  sirup,  transferred  to  a  crystal- 
lizing dish,  and  allowed  to  stand  with  occasional  stirring  in 
a  desiccator  over  sulfuric  acid.  Ten  days  later  a  very  fine, 
white,  crystalline  deposit  had  formed  in  the  second  extract. 
It  slowly  increased  in  amount  during  the  next  two  days, 
when  it  was  filtered  off  with  suction,  and  the  crystals,  after 
sucking  as  free  from  mother  liquor  as  possible,  were  washed 
on  the  filter  with  alcohol  until  the  wasliings  were  colorless. 
They  were  then  spread  out  on  a  watch  glass  and  dried  to 
constant  weight  over  sulfuric  acid.  The  filtrate  and  wash- 
ings were  evaporated  to  a  thin  sirup  and  placed  over  sulfuric 
acid.  During  the  next  few  days  another  crop  of  crystals 
gradually  formed.     This  was  recovered  as  described  above. 

Crystals  began  to  separate  from  the  first  extract  16  days 
from  the  time  it  was  placed  in  the  desiccator,  and  slowly 
increased  in  quantity  until  3  days  later,  when  the  crop  was 
filtered  off,  washed,  and  dried  as  described  above.  The 
third  and  fourth  extracts  were  similarly  treated.  The  fil- 
trates and  washings  from  these  three  extracts  were  com- 
bined, evaporated  to  a  th,in  sirup,  and  another  crop  of  crystals 
was  subsequently  recovered. 

The  total  weights  of  crystals  obtained  from  the  200-gram 
portion  of  baked  sweet  potato  and  the  specific  rotatory 
power  of  each  of  the  crops  are  given  below. 

Specific  Rotatory 

Weight  Powero 
Description                                    G.  [a] 

First  extract 9.437  130.3 

Second  extract 1.451  131.4 

Third  extract 0.831  130.2 

Fourth  extract 1 .  172  108 . 6 

Mother  liquor  of  second  extract 0.282  128.5 

Mother  liquor  of  remaining  extracts 3.999  97.9 

Total 17.172 

a  Determined  in  a  micropolariscope  tube.  1  dc.  long,  the  solutions 
being  heated  to  the  boiling  point  to  destroy  mutarotation  and  cooled  before 
making  up  to  the  final  weights.  The  specific  rotatory  power  of  crystalline 
maltose  is  [a]j,  =   131.34  (calculated  from  data  given  by  Browne,  Loc.  cit.). 

Thus,  8.59  per  cent  by  weight  of  the  baked  sweet  potato, 
equal  to  6.71  per  cent  of  the  weight  of  the  fresh  potatoes 
taken,  was  recovered  in  the  form  of  crude,  crystalline  maltose. 

The  reducing  power  of  crystals  from  the  first  extract  was 
determined  by  the  Munson  and  Walker  method.  Two 
200-mg.  portions  gave  0.2397  and  0.2401  gram  of  cuprous 
o.xide,  corresponding  to  crystalline  maltose  of  purity  98.8 
and  99.0  per  cent,  respectively. 

The  maltose  was  recrystallized  from  alcohol  and  compared 
by  Edgar  T.  Wherry,  of  this  bureau,  with  a  sample  of  pure 
maltose  made  from  starch  by  0.  S.  Keener  of  tliis  bureau. 
The  refractive  indices  determined  by  the  oil  immersion 
method  and  other  indications  were  found  to  be  identical, 
the  indices  being  as  follows: 

a  axis  —  1.515  y  axis  —  1.550 


A.  C.  S.  Journals  Wanted 

An  appeal  has  been  received  for  copies  of  the  American 
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schule,  Leoben,  Austria.  The  yearbook  of  this  institution  is 
offered  in  exchange.  Subscription  is  said  to  be  impossible  be- 
cause of  the  unfavorable  exchange  rate.  If  any  individual 
wishes  to  help  in  this  connection  by  sending  his  copies  of  the 
Society's  journals  and  at  the  same  time  receiving  the  above- 
mentioned  yearbook,  he  should  write  the  Austrian  Consulate 
General,  New  York,  N.  Y. 
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Powdered  Bordeaux  Mixture' 

By  R.  H.  Robinson 

Oregon  Agriculturai,  Experiment  Station,  Corvaluis.  Ore. 


THE  demand  for  insec- 
ticides and  fungi- 
cides in  powder  form 
has  increased  rapidly  in 
recent  years.  In  every  re- 
spect the   powder  form  is 

preferable.  It  may  be  put  in  convenient  package;  it  is 
more  economical  since  there  is  a  material  saving  in  cost  of 
containers,  transportation,  and  deteriorating  in  physical 
properties  on  storage;  it  reduces  time  and  labor  in  the  prep- 
aration of  each  tank  of  spray. 

Although  the  powder  form  is  preferred,  it  should  not  be 
used  if  peculiar  physical  properties  necessary  for  the  effec- 
tiveness of  the  spray  are  destroyed  in  the  manufacturing 
process.  Laboratory  tests  substantiated  by  field  observa- 
tions have  shown  that  most  commercial  brands  of  Bordeaux 
powder  are  practically  wortliless  for  fungous  diseases  that 
require  the  toxic  ingredient  to  adhere  for  several  days,  or 
for  months.  When  Bordeaux  mixture  is  properly  made  from 
copper  sulfate  and  high-grade  lime,  a  voluminous,  gelatinous 
precipitate  is  formed.  It  does  not  settle  rapidly,  and  re- 
mains evenly  distributed  in  suspension  for  several  hours, 
depending  upon  temperature,  purity  of  materials  used,  and 
care  exercised  in  its  preparation.  Under  the  microscope 
the  precipitate  is  a  mass  of  closely  connected,  gelatinous 
membranes.  After  several  hours  the  membranes  begin  to 
break  and  the  suspension  gradually  becomes  crystalline. 
At  this  time  the  precipitate  starts  to  settle  rapidly.  In  this 
condition  the  Bordeaux  is  practically  worthless  as  a  fungicide, 
since  it  is  easily  removed  from  the  surface  upon  which  it  is 
sprayed  by  rain,  wind,  or  other  agencies.  If,  however, 
the  Bordeaux  is  applied  when  in  the  colloidal  state,  it  spreads 
over  the  surface  and  forms  an  ideal,  continuous  film  that 
wUl  adhere  for  an  indefinite  length  of  time.  Thus  far  no  com- 
mercial Bordeaux,  neither  paste  nor  powder,  that  has  the 
desirable  properties  of  a  high-grade  product,  has  come  to  the 
writer's  attention.  Apparently,  it  is  impossible  to  prevent 
the  destruction  of  the  gelatinous  condition  during  the  manu- 
facturing process. 

In  an  effort  to  prepare  a  very  high-grade  Bordeaux  that 
would  adhere  for  eight  or  ten  months  under  Oregon  climatic 
conditions  to  control  anthracnose  without  the  application 
of  the  late  summer  Bordeaux  spray,  numerous  different  ma- 
terials were  added  to  the  spray  to  augment  its  natural  ad- 
hesive properties.  In  the  course  of  the  work  it  was  noticed 
that  a  good  product  was  obtained  when  dry  hydrated  lime 
was  sifted  into  a  tank  containing  the  dissolved  copper  sulfate 
to  which  a  pound  of  casein  spreader  had  been  added.  It 
was  thought  from  this  observation  that  a  good,  dry,  com- 
mercial Bordeaux  mixture  could  be  prepared  by  using  the 
two  separate  powders,  into  one  of  which  had  been  incorporated 
some  colloidal  or  protein  material  that  would  aid  the  forma- 
tion of  a  gelatinous  precipitate  when  the  powders  were  added 
to  the  tank  of  water.  Accordingly,  a  series  of  experiments 
was  undertaken  to  ascertain  the  effects  on  the  quality  of  the 
Bordeaux  mixture  obtained  by  usuig  copper  sulfate  and  hy- 
drated lime  that  had  been  treated  with  various  organic  com- 
pounds. 

1  Presented  before  the  Division  of  Agricultural  and  Food  Chemistry 
at  the  65th  Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn., 
April  2  to  7,  1923. 


A  method  is  suggested  for  the  preparation  of  Bordeaux  mixture 
in  which  powdered  copper  sulfate  and  hydrated  lime  are  used  in  the 
dry  form,  and  recommendations  are  made  for  the  commercial  prep- 
aration of  a  dry  Bordeaux  mixture. 


Equivalent  amounts  of 
copper  sulfate  and  hy- 
drated lime  were  used  to 
make  a  4:4:50  Bordeaux. 
Since  250-cc.  graduates 
were  employed,  2.4  grams 
of  powdered  copper  sulfate  and  3.2  grams  of  hydrated  lime 
were  taken  in  all  the  combinations  made.  A  few  proce- 
dures representative  of  the  numerous  observations  made 
are  as  follows: 

(1)  2.4  grams  copper  sulfate  dissolved  in  250  cc.  of  vv-ater  and 
3 . 2  grams  hydrated  lime  sifted  in. 

(2)  2.4  grams  copper  sulfate  dissolved  in  250  cc.  of  water  and 
3.2  grams  hydrated  lime  plus  0.03  gram  casein  sifted  in. 

(3)  2.4  grams  copper  sulfate  dissolved  in  250  cc.  of  water  and 
3.2  grams  hydrated  lime  plus  0.03  gram  cane  sugar  sifted  in. 

(4)  2.4  grams  copper  sulfate  dissolved  in  250  cc.  of  water  and 
3.2  grams  hydrated  lime  plus  0.03  gram  glucose  sifted  in. 

(5)  2.4  grams  copper  sulfate  dissolved  in  250  cc.  water  and  3.2 
grams  hydrated  lime  plus  0.03  gram  gum  arable  sifted  in. 

(6)  2.4  grams  copper  sulfate  dissolved  in  250  cc.  of  water  and 
3.2  grams  hydrated  lime  plus  0.03  gram  tannin  sifted  in. 

(7)  3.2  grams  hydrated  lime  plus  0.03  gram  casein  added  to  350 
cc.  water  and  2.4  grams  copper  sulfate  sifted  in. 

(8 1  2.4  grams  copper  sulfate  dissolved  in  250  cc.  water  and  0.03 
gram  casein  plus  3.2  grams  hydrated  lime  containing  23.8  per 
cent  calcium  carbonate  sifted  in. 

(9)  2.4  grams  copper  sulfate  dissolved  in  250  cc.  water  and  0.03 
gram  casein  plus  3.2  grams  hydrated  lime  containing  5.0  per  cent 
magnesium  carbonate  sifted  in. 

The  temperature  of  the  water  used  was  23°  C.  The 
powdered  copper  sulfate  quickly  dissolved  in  the  water  and, 
while  stirring,  the  hydrated  lime  with  organic  material  was 
sifted  into  the  solution.  Table  I  gives  the  reading  on  the 
2.50-cc.  graduate  indicating  the  point  to  which  the  precipitate 
had  settled  for  the  stated  time. 


—Rate 

OF 

Sett 

LING    OF    E 

IIFFERENT 

Bordeaux 

Mixtures 

0.5  hr 

1  hr. 

2  hrs. 

3  hrs. 

6  hrs. 

Remarks 

248 

240 

150 

Crystallized 

Valueless 

after  3 

hrs. 

244 

235 

204 

153 

106 

Good 

242 

233 

213 

162 

115 

Good 

239 

226 

202 

156 

113 

Good 

242 

210 

153 

121 

S6 

Good 

243 

234 

202 

122 

S4 

Good 

111 

80 

59 

49 

44 

Good 

Did 

not 

react 

properly  a 

nd  settled  to  64  immediately 

242 

235 

209 

163 

119 

Good 

With  the  exception  of  Nos.  7  and  8,  all  procedures  gave  ex- 
cellent gelatinous  precipitates  that  indicated  a  high-grade 
Bordeaux  mixture.  In  No.  1,  where  no  organic  substance 
was  used,  a  good  Bordeaux  was  produced,  but  it  began  to 
crystallize  after  3  hours.  In  the  other  combinations  the 
different  organic  materials  functioned  as  a  stabilizer  and  the 
various  precipitates  retained  their  smooth,  colloidal  appear- 
ance for  more  than  48  hours,  when  they  were  discarded. 
When  a  poor  grade  of  hydrated  lime,  having  24  per  cent 
lime  in  carbonate  form,  was  used,  the  chemical  reaction 
was  retarded  and  a  granular  precipitate  formed  that  settled 
immediately. 

In  addition  to  the  procedures  given  above,  numerous  other 
observations  were  made  that  warrant  the  following  conclu- 
sions: Impurities  such  as  iron,  aluminium,  magnesia,  and 
silica  if  present  in  small  amounts  have  no  harmful  effects  on 
the  quality  of  the  precipitate.  Magnesium  carbonate  in 
small  amounts  is  beneficial.  When  the  copper  sulfate  is 
sifted  into  the  lime  suspension,  a  more  granular,  somewhat 
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coagulated  precipitate  forms,  depending  ui)on  the  fineness 
of  the  copper  sulfate  used.  It  is  important,  therefore,  to 
sift  the  hydrated  lime  into  the  dilute  copper  sulfate  solution. 
The  results  as  a  whole  indicate  that  a  high-grade  Bordeau.x 
mixture  may  be  obtained  by  adding  to  the  required  amount 
of  water,  copper  sulfate  and  subsequently  hydrated  lime 
containing  a  small  amount  of  any  of  the  organic  stabilizers 
mentioned  above  It  seems  preferable  to  recommend  casein 
as  the  organic  stabOizer,  since  the  natural  spreading  and  ad- 
hering properties  of  this  substance  have  been  demonstrated. 
It  is  very  important  that  the  hydrated  lime  be  as  free  as 
possible  from  carbonates  and  coarse  particles.  To  obtain 
best  results  about  50  per  cent  should  pass  through  a  200- 
mesh  sieve. 


Recommendations  for  Commercial  Preparations 

It  is  advised  that  cartons  be  prepared  containing  the 
requisite  amount  of  powdered  copper  sulfate  and  hydrated 
lime  in  separate  packages.  The  packages  of  copper  sulfate 
should  be  placed  on  top  in  order  that  it  may  be  removed 
first  when  the  carton  is  opened.  Printed  directions  on  car- 
tons may  read  as  follows: 

First,  fill  the  spray  tank  with  50  gallons  (for  4  pounds  lime  and 
4  pounds  of  copper  sulfate)  of  water.  After  starting  the  agitator 
add  contents  of  Package  A  (containing  copper  sulfate).  Then 
sift  into  the  tank  Package  B  (containing  the  hydrated  lime  plus 
0.01  per  cent  of  casein).  The  Bordeaux  mixture  is  then  ready 
for  spraying. 


Determination  of  Ash,   Arsenic,   Copper,  and  Zinc  in 

Gelatin' 


BuRfiAii  OF  Animal  In 


By  Roger  M.  Mehurin 

rRY,    DUPARTMENT    OF    AcRICULTirRE,    WASHINGTON,    D.    C. 


THE  laboratory  in- 
spection of  meats, 
meat  food  products, 
and  substances  used  in  con- 
nection with  their  prepara- 
tion involves  the  analysis 
of  numerous  samples  of 
gelatin.  In  order  to  make 
certain  that  gelatin  of  suitable  quality  is  used,  samples  are 
collected  from  each  sliipment  received  at  any  establishment  at 
which  federal  meat  inspection  is  maintained,  and  are  sub- 
mitted to  the  laboratory  for  examination.  During  the  last 
year,  247  such  samples  were  examined  in  the  Washington 
Meat  Inspection  Laboratory.  Chief  among  the  objection- 
able impurities  found  in  gelatin  are  arsenic,  copper,  and 
zinc.  These  metals  are  usually  present  in  amounts  not 
exceeding  1.4,  30,  and  100  parts  per  million,  respectively. 

AH  the  available  methods  for  the  determination  of  arsenic, 
copper,  and  zinc  in  food  have  been  tried  out,  but  have  been 
found  unsatisfactory  when  applied  to  the  determination  of 
these  metals  in  large  numbers  of  samples  of  gelatin.  The 
method  described  in  the  Methods  of  Analysis  of  the  Asso- 
ciation of  Official  Agricultural  Chemists,  involving  digestion 
with  sulfuric  and  nitric  acids,  is  entirely  unsuitable  on  ac- 
count of  the  excessive  frothing,  the  time  required  for  com- 
plete oxidation,  and  the  continued  exposure  of  the  analyst  to 
irritating  fumes.  The  methods  employing  hydrolysis  with 
hydrochloric  acid  have  likewise  proved  unsatisfactory  on 
account  of  difficulty  in  saturating  with  hydrogen  sulfide  and 
the  subsequent  filtering  of  large  volumes  of  solutions  which  are 
often  of  such  a  character  as  to  filter  slowly.  The  determina- 
tion of  copper  by  titration  with  sodium  thiosulfate  is  open  to 
a  considerable  error  because  of  the  difficulty  of  obtaining  a 
definite  end  point  when  small  amounts  are  titrated.  The 
employment  of  Gooch  crucibles  in  filtering  and  weighing  small 
amounts  of  zinc  has  sometimes  been  found  to  be  a  source  of 
error. 

The  method  described  below  has  developed  as  a  result  of 
several  years'  experience  in  the  analysis  of  gelatin  and  is  free 
from  any  and  all  of  the  faults  cited.  While  it  utilizes  only  well- 
known  analytical  procedures,  the  details  have  been  worked 

'  Received  March  2S,  1923. 


Undesirable  features  of  published  methods  for  the  determination 
of  small  quantities  of  arsenic,  copper,  and  zinc  are  pointed  out,  and 
a  coherent,  rapid,  and  accurate  method  for  the  determination  of 
ash.  arsenic,  copper,  and  zinc  in  gelatin  is  described. 

Sources  of  possible  error  are  enumerated  so  that  the  method  wilt 
be  adaptable  for  inexperienced  analysts. 


out  and  combined  so  as  to 
form  a  coherent  method  by 
which  accurate  results  are 
obtained  with  a  minimum 
expenditure  of  time  and 
labor.  This  method  in  sub- 
stantially its  present  form 
has  been  in  use  in  the  meat 
inspection  laboratories  of  the  Bureau  of  Animal  Industry  for 
several  years. 

Arsenic 
Reagents — Dilute  hydrochloric  acid:  Dilute  one  part  arsenic- 
free  hydrochloric  acid  (sp.  gr.  1.19)  with  3  parts  distilled  water. 
Potassium  iodide  solution:  600  grams  per  liter. 
Stannous  chloride  solution:   Dissolve  50  grams  in  50  cc.  arsenic- 
free  hydrochloric  acid  (sp.  gr.  1.19)  and  dilute  to  200  cc.  with  dis- 
tilled water. 

Bromine  water:  Saturated,  keep  an  excess  of  bromine  in  the 
bottle. 

Lead  acetate  cotton:  Moisten  the  cotton  with  10  per  cent  lead 
acetate  solution  and  dry. 

Mercuric  bromide  paper:  Prepared  by  dipping  a  small  sheet 
of  hard-surfaced  drawing  paper  into  a  5  per  cent  alcoholic  solu- 
tion of  mercuric  bromide,  drying  so  as  to  obtain  as  uniform  de- 
posit as  possible  of  the  mercuric  bromide,  and  cutting  the  sheet 
into  strips  2  x  70  mm.,  preferably  in  a  cutting  machine  prepared 
for  this  purpose. 

Method — Weigh  out  10  grams  gelatin  into  a  150-cc.  beaker. 
Add  50  cc.  dilute  hydrochloric  acid  and  place  on  steam  bath. 
As  soon  as  gelatin  is  dissolved  add  20  cc.  bromine  water.  After 
digesting  for  one  hour  remove  from  the  steam  bath  and  cool. 
Make  up  solution  to  100  cc,  mix,  and  filter.  To  20  cc.  of  the 
filtered  solution  add  1  cc.  potassium  iodide  solution  and  0.3  cc. 
stannous  chloride  solution.  Heat  on  steam  bath  for  5  minutes, 
cool,  and  transfer  to  a  previously  prepared  Gutzeit  apparatus. 
Prepare  this  apparatus  as  follows :  Add  to  the  generator  3  grams- 
30-mesh,  arsenic-free  zinc  and  20  cc.  dilute  hydrochloric  acid; 
connect  and  allow  to  run  for  5  minutes.  Place  a  small  amount 
of  loosely  drawn  lead  acetate  cotton  in  the  barrel  before  connect- 
ing the  apparatus  and  a  strip  of  mercuric  bromide  paper  in  the 
tube  just  before  adding  the  solution.  Add  0.8  cc.  amyl  alcohol, 
rinse  out  beaker  with  3  to  5  cc.  water,  and  add  to  generator. 
The  liberated  gases  pass  through  the  lead  acetate  cotton  and 
over  the  strip  of  mercuric  bromide  paper.  Allow  generator  to 
run  for  one  hour,  or  longer  if  necessary,  protecting  paper  from 
strong  light.  Compare  with  standards  prepared  in  the  same 
manner  from  arsenic-free  gelatin  to  which  known  amounts  of 
arsenic  have  been  added.  Standards  should  show  the  action  of 
from  1  to  7  micromilligrams  (0.001  to  0.007  mg.)  of  arsenious- 
acid  (AsjOs). 
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Ash 


Weigh  out  20  to  40  grams  gelatin  in  a  tared  platinum  or  por- 
celain dish  of  approximately  150-cc.  capacity  and  ash  at  a  tem- 
perature of  from  500°  to  550°  C.  This  is  approximately  the  tem- 
perature at  which  the  furnace  presents  a  barely  visible  red  when 
viewed  through  the  small  vent  hole  in  the  door.  Samples  will 
usually  be  satisfactorily  ashed  in  from  4  to  5  hours,  but  no  error 
is  involved  in  allowing  them  to  remain  in  the  muffle  for  a  longer 
period.  It  has  been  found  convenient  and  economical  of  time 
to  use  an  electric  muffle  furnace,  placing  the  samples  in  the 
muffle,  previously  regulated  so  as  to  remain  at  the  correct  tem- 
perature, near  the  close  of  the  day  and  allowing  them  to  remain 
over  night.  After  ashing  is  complete,  remove  to  a  desiccator, 
cool  and  weigh. 

Copper 

Reagents — Dilute  hydrochloric  acid:  Dilute  one  part  (sp. 
gr.  1.19)  with  one  part  distilled  water. 

Ammonium  nitrate:    100  grams   per  liter. 

Potassium  ferrocyanide:   40  grams  per  liter. 

Standard  copper  solution:  0.3927  gram  recrystallized  copper 
sulfate  per  liter.     One  cc.  equivalent  to  0.1  mg.  copper. 

Method — Moisten  the  ash  with  a .  small  amount  of  water, 
add  approximately  5  cc.  concentrated  hydrochloric  acid,  evapo- 
rate to  dryness,  add  8  cc.  dilute  hydrochloric  acid,  heat  to  boil- 
ing, and  transfer  to  a  50-cc.  Erlenmeyer  flask,  using  enough  wash 
water  to  make  the  volume  approximately  40  cc.  Heat  nearly  to 
boiling,  saturate  with  hydrogen  sulfide,  stopper  tightly,  and  al- 
low to  stand  in  a  warm  place  for  one-half  hour  or  more.  Filter 
into  a  150-cc.  Erlenmeyer  flask  and  wash  promptly  and  thor- 
oughly with  warm  1 :  20  hydrochloric  acid  saturated  with  hydrogen 
sulfide.  Transfer  the  paper  and  precipitate  to  a  50-cc.  porcelain 
crucible  and  ignite  in  a  muffle  furnace  at  a  temperature  not  exceed- 
ing that  at  which  the  gelatin  was  ashed.  After  ignition,  cool, 
moisten  ash  with  1  to  2  cc.  nitric  acid,  and  evaporate  to  dryness 
on  steam  bath.  Take  up  copper  salts  with  1  to  2  cc.  nitric  acid, 
add  approximately  5  cc.  water,  and  warm  on  steam  bath  to  fa- 
cilitate solution.  Dilute  to  approximately  30  cc.  and  make  alka- 
line with  ammonia.  Heat  on  steam  bath,  away  from  any  hy- 
drogen sulfide  fumes,  until  all  ammonia  is  expelled,  occasionally 
diluting  with  water  to  maintain  approximately  the  original  vol- 
ume. Do  not  evaporate  to  dryness.  Filter  into  a  50-cc. 
graduated  flask,  wash  out  crucible  with  warm  water,  make  up 
to  mark  and  mix.  Measure  out  25  cc.  into  a  50-cc.  Nessler  tube, 
add  5  cc.  ammonium  nitrate  solution,  and  make  up  to  50  cc. 
Add  0.2  cc.  potassium  ferrocyanide  solution  and  mix.  Match 
the  color  against  tubes  prepared  in  the  same  way  from  the  stand- 
ard copper  solution.  Make  up  standard  containing  2,  3,  4,  5, 
and  6  cc.  of  standard  solution  equivalent  to  20,  30,  40,  50,  and 
60  parts  per  million  of  copper  if  a  20-gram  sample  is  used  and 
one-half  of  solution  taken.  Solutions  giving  a  stronger  reaction 
than  6  cc.  of  the  standard  cannot  be  accurately  compared. 
If  a  reaction  stronger  than  that  given  by  6  cc.  of  the  standard  is 
obtained,  an  aliquot  smaller  than  25  cc.  must  be  taken  and  the 
determination  repeated. 

Zinc 

Boil  the  filtrate  and  washings  from  the  hydrogen  sulfide  pre- 
cipitation of  copper  until  all  hydrogen  sulfide  is  removed.  Add 
1  cc.  concentrated  nitric  acid  and  continue  the  boiling  until  the 
volume  is  reduced  to  approximately  25  cc.  Add  10  cc.  am- 
monium chloride  (200  grams  per  liter),  make  definitely  alkaline 
■with  ammonium  hydrate,  heat  nearly  to  boiling,  and  filter  into 
100-cc.  Erlenmeyer  flask.  Wash  with  warm,  alkaline,  ammo- 
nium chloride  solution,  containing  50  grams  ammonium  chloride 
and  25  cc.  ammonium  hydrate  (sp.  gr.  0.90)  per  liter.  Neutralize 
filtrate  and  washings  with  acetic  acid,  add  0.5  gram  sodium  acetate 
and  sufficient  glacial  acetic  acid  to  make  an  excess  of  2  cc.  for  each 
50  cc.  of  solution.  Warm  on  steam  bath  and  saturate  with 
hydrogen  sulfide.  Allow  to  stand  in  a  warm  place  for  approx- 
imately one-half  hour.  Filter  through  a  small  paper  and  wash 
thoroughly  with  warm  1:100  acetic  acid  saturated  with  hydrogen 
sulfide.  If  filtrate  is  turbid,  return  to  flask,  add  a  few  drops 
of  saturated  mercuric  chloride  solution,  shake,  and  filter  again. 
Ignite  in  a  tared  platinum  crucible  at  a  dull  red  heat  until  com- 
pletely ashed,  then  a  few  minutes  at  bright  red  heat.  Weigh  as 
ZnO.  Weight  of  ZnO  X  40,000  equals  parts  per  million  of  zinc 
if  a  20-gram  sample  has  been  taken. 

Precautions  Necessary 

Attention  is  directed  to  certain  sources  of  error  which  must 
be  guarded  against.  The  gelatin  must  not  be  placed  in  the 
muffle  until  after  the  latter  has  reached  the  proper  tempera- 


ture, or  the  material  will  boil  over  the  sides  of  the  dishes  before 
being  ashed.  The  heat  of  the  muffle  must  not  reach  a  bright 
red,  as  loss  of  copper  will  occur  in  that  case.  Hydrochloric 
acid  must  be  used  in  dissolving  the  ash.  If  sulfuric  acid  is 
used,  a  precipitate  of  needle-like  monoclinic  crystals  of  cal- 
cium sulfate  will  often  form  before  and  after  the  precipitation 
of  zinc  sulfide.  Contamination  of  the  zinc  sulfide  by  traces 
of  organic  iron  usually  contained  in  the  ammonium  hydrate 
and  aimnonium  chloride  used  and  by  traces  of  nickel  which 
are  sometimes  found  in  gelatin,  is  prevented  by  the  addition 
of  an  excess  of  acetic  acid  as  described. 
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Pipet  for  Lactose  Determination  in 
Milk^ 

By  E.  G.  Mahin 

Purdue  University.  Lafayette,  Ind. 

TH  E     polariscopic     determination     of 
lactose  in  milk  by  the  official  method^ 
involves  measuring  double  the  lactose 
normal  weight  of  milk,  based  upon  the  Ventzke 
(or  International)  scale.    The  volume  of  milk 
to  be  taken  varies  according  to  the  specific 
gravity  of  the  milk  under  investigation,  which 
means  that  no  ordinary  transfer  pipet  can  be  64.25-  t 
used  for  the  purpose.     Measuring  milk  sam 
pies  m  burets   is  always  troublesome,  espe- w 4  . OO-^ 
cially  on  account  of  the  fact  that  no  buret  is 
designed  to  deliver  its  entire  contained  quan- 
tity, and  flotation  of  fat  globules  during  the  ^  a    rn 
slow  delivery  gives  a  sample  finally  measured, 
not  strictly   representative  of  the  original  sample. 
A  special  pipet  has  been  devised  for  this  purpose. 
This  is  designed  along  the  general   lines  specified 
by  the  Bureau  of  Standards'  for   transfer  pipets. 
However,     instead    of   bearing    a  single    capacity 
mark,  as  is  the  case  with  the  ordinary  transfer  pipet, 
the  upper  branch  of  the  stem  is  graduated  by  in- 
tervals of  0.05  cc,  from  63.50  to  64.25  cc.    From 
the  table  given  in  the  official  methods  the  volume 
to  be  measured  for  a  milk  of  predetermmed  specific 
gravity  is  read.  This  volume  is  then  measured,  at  . 
one  operation,  in  the  pipet  and  the  entire  quan-   \ 
tity  is  delivered  into  the  102.6-cc.  volumetric  flask 
in  which  the  protems  are  to  be  precipitated. 

The  special  pipet  is  illustrated  in  the  accompany- 
ing figure.  The  general  specifications  as  to  quality 
of  glass,  finish  of  tip,  and  other  matters  of  con- 
struction, follow  those  of  the  Bureau  of  Standards 
for  transfer  pipets.  Other  specifications  are  as 
follows : 

Total  length  of  pipet,  50  to  55  cm. ;  length  of  upper 
stem,  20  cm.  length  of  graduated  portion  of  stem,  8  to  8.5 
cm.;  smallest  graduated  interval,  0.05  cc. ;  minimum 
time  of  delivery  for  63.5  cc.  of  water  at  20°  C,  20 
seconds,  maximum  time,  1  minute. 

Such  pipets  may  be  made  by  any  good  glass- 
blower.  Of  course,  all  such  instruments  should  be 
calibrated  by  the  user,  after  then-  receipt,  as  are  all 
volumetric  instruments  for  work  of  precision. 

*  To  be  presented  before  the  Division  of  Agriculture  and  Food 
Chemistry  at  the  66th  Meeting  of  the  American  Chemical  So- 
ciety,   Milwaukee,  Wis.,  September  10  to  15,  1923. 

2  Assoc.  Official  Agr.  Chem.,  Methods,  1919,   226. 

•  Bur.  Standards,  Circ.  9. 
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Determination  of  Beta-Naphthol  in  Alpha-Naphthol  and  of 
Alpha-Naphthol  in  Beta-Naphthof 


By  John  Prochazka 

Central  DyESTUFF  &  Chemicai.  Co.,  Newark,  N.  J. 


IN  1897  Liebman-  published  a  method  of  determining 
small  quantities  of  a-naphthol  in  /3-naphthol,  founded 
on  the  greater  affinity  of  the  former  for  diazo  compounds. 
This  was  an  improvement  on  an  older  method  described  by 
the  same  investigator  in  the  same  article,  founded  on  the 
color  imparted  to  the  precipitate  formed  with  ferric  chloride 
and   naphthol   in   alcoholic   solution. 

About  the  same  time  the  author  employed  the  same  prin- 
ciples as  Liebman  in  a  method  devised  by  himself  and  pub- 
lished later.^  To  his  knowledge  no  method  of  determining 
the  percentage  of  a  small  quantity  of  /3-naphthol  in  a-naph- 
thol, except  the  one  described  by  Fierz,'*  has  been  published. 
A  number  of  years  ago  it  was  found  desirable  to  work  out  a 
method  for  the  determination  of  /3-naphthol  in  a-naphthol, 
in  connection  with  the  manufacture  of  Pure  Orange  I  made 
from  pure  a-naphthol,  the  use  of  which  as  a  food  color  was 
authorized  by  law. 

The  first  thought  was  to  make  use  of  the  well-known  in- 
solubility of  /3-naphthol  azo  compound  in  caustic  soda  as 
opposed  to  the  solubility  of  the  a-naphthol  compounds. 
The  chief  objection  to  this  method  is  the  formation  of  a  small 
quantity  of  what  is  presumably  an  ortho  azo  compound  of 
a-naphthol,  which  also  is  insoluble  in  caustic  soda.  Another 
difficulty  is  the  retention  of  a  part  of  the  a-naphthol  compound 
in  the  insoluble  /3-naphthol  compound. 

Experiments  were  made  with  diazobenzene,  diazoxylene, 
p-nitrodiazobenzene,  and  p-nitrodiazoxylene. 

Further  experiments  were  made  based  on  the  selective 
affinity  of  diazo  compounds  for  a-naphthol.  Contrary  to 
Fierz,^  diazobenzene  combines,  although  slowly,  with  /3- 
naphthol  in  acid — especially,  acetate  and  acetic  solution — so 
that  any  method  based  on  the  supposed  inability  of  /3-naph- 
thol to  combine  must  give  erroneous  results.  Moreover,  the 
method  described  is  cumbersome  and  difficult  of  execution. 

The  same  is  true  of  a  method  employed  in  this  laboratory. 
a-Naphthol  was  dissolved  in  grain  alcohol,  and  combined 
with  50  per  cent  of  the  theoretical  p-nitrodiazobenzene,  the 
precipitate  was  filtered  off  hot  and  washed  with  hot  water, 
and  the  filtrate  extracted  with  benzene,  the  benzene  extract 
evaporated,  and  the  recovered  naphthol  treated  the  same  as 
the  original  sample  until  the  point  was  reached  wliere  part 
of  the  /3-naphthol  was  coupled.  The  /3-naphthol  compound 
was  separated  from  the  a-naphthol  in  hot  caustic  solution, 
and  the  para  red  weighed,  examined  as  to  purity  with  the 
sulfuric  acid  color  test,  thus  obtaining  an  approximate  idea 
of  the  percentage  of  the   /3-naphthol. 

Procedure 

From  this  method  the  following  very  simple  procedure  was 
developed : 

Dissolve  0.36  gram  a-naphthol  in  30  to  40  cc.  grain  al- 
cohol. Cool  oS  to  below  5°  C.  Add  gradually  a  solution 
of  p-nitrodiazobenzene,  of  wluch  100  cc.  are  equivalent 
to  1  gram  of  nitrite.     This  solution  may  be  prepared  accord- 

'  Presented  before  the  Division  of  Dye  Chemistry  at  the  65th  Meeting 
of  the  American  Chemical  Society,  New  Haven,  Conn,,  April  2  to  7,  1923. 
>  J.   Soc.  Chem.  Ind...   16,  290   (1897). 
» Ibid..  16,  894  (1897). 
'  Farben  Chemie.  19aO,  296. 


ing  to  kno^vu  methods.  It  should  contain  only  a  very  slight 
excess  of  nitrous  acid,  and  a  not  too  large  excess  of  hydro- 
chloric acid  (30  to  50  per  cent  of  theory).  If  the  a-naphthol 
is  100  per  cent,  17.25  cc.  diazo  solution  would  be  needed  to 
convert  it  to  the  azo  compound.  If  the  sample  is  supposed 
to  contain  10  per  cent  /3-naphthol,  add  about  85  per  cent  of 
the  theoretic  quantity — viz.,  14.6  cc.  of  the  diazo  solution — 
stirring  carefully  and  keeping  cold.  The  color  begins  to 
separate  at  once.  It  is  well  to  wait  20  to  30  minutes,  as  the 
reaction  takes  time  for  completion.  Then  spot  on  a  piece 
of  white  filter  paper.  If  tlie  reaction  is  not  complete  a  spot 
of  dilute  caustic  soda  running  into  the  first  spot  will  produce 
a  blue  line  if  there  is  unchanged  a-naphthol  present.  If 
the  a-naphthol  falls  short  of  the  85  per  cent  diazo,  the  0- 
naphthol  wUl  combine  and  the  mixture  of  the  a-  and  /3-naphthol 
■will  produce  a  gray  line  with  the  caustic,  or  the  /3-naphthol 
alone  vriW  give  a  red  line,  this  red  line  sometimes  appearing 
outside  of  the  gray  line.  If  all  the  diazo  solution  has  been 
absorbed,  the  caustic  soda  will  produce  only  a  faint  color, 
owing  to  the  little  azo  compound  dissolved  in  the  solvent. 
If  the  /3-naphthol  does  not  show,  continue  adding  the  diazo 
until  the  para  red  due  to  the  /3-naphthol  present  begins  to  show 
in  the  spot  test  as  described.  If  the  quantity  of  diazo  so- 
lution added  is  16  cc,  16:17.25  represents  the  purity  of  the 
a-naphthol — viz.,  92  to  93  per  cent. 

Procedure  for  Determination  of  a-  in  /3-Naphthol 

Dissolve  1.44  grams  ^-naphthol  in  50  cc.  grain  alcohol 
and  add  3  cc.  p-nitrodiazobenzene  and  0.03  gram  nitrite. 
If  the  percentage  is  less  than  0.5,  all  the  a,  and  some  /3  will 
be  precipitated  as  p-nitroazobenzene  compound.  Let  stand 
half  an  hour,  then  dilute  with  60  cc.  boiling  water,  filter 
hot  through  a  suitable  filter,  and  wash  the  precipitate  with 
hot  water.  All  the  )3-naphthol  not  combined  passes  into  the 
filtrate,  with,  some  impure  azo  compound  of  the  a-naphthol. 
The  precipitate  is  washed  off  the  filter,  boiled  with  50  cc. 
hot  water  containing  1  cc.  25  per  cent  caustic  soda,  filtered 
hot,  diluted  to  100  cc,  and  compared  -svith  a  standardized 
solution  of  p-nitroazobenzene   a-naphthol. 

This  solution  is  prepared  as  follows:  0.1  gram  of  the  azo 
compound  is  dissolved  in  25  cc.  warm  grain  alcohol  con- 
taining 1  cc.  25  per  cent  caustic  soda  and  diluted  to  50  cc. 
with  hot  water.  The  alcoholic  filtrate  is  also  made  alkaline 
with  caustic  soda  and  compared  with  the  standard.  It  is 
generally  not  as  pure  blue  as  the  standard,  but  is  included 
in  the  calculation. 

Calculation — If  the  standard  is  diluted  about  thirty 
times  to  match  its  color  with  the  solution  in  question,  with 
strips  of  filtering  paper  dipped  in,  it  would  mean  that  30 
X  500,  or  1500  cc  of  it  contain  0.1  gram  color,  and  as  there 
are  only  100  cc.  these  would  contain  0.1/15  =  0.0066  gram. 
1.44  grams  naphthol  would  jield  2.93  grams  azo  compound; 
hence,  the  percentage  of  a-naphthol  would  be  0.0066/2.93 
=  0.23  per  cent.  Figured  to  simplest  form,  dividing  6.9 
by  dilution  factor — 30  in  this  case — gives  0.23  per  cent. 

If  more  diazo  solution  is  added,  it  is  impossible  to  extract  all 
the  alpha  compound  from  the  para  red.  If,  however,  more 
a-naphthol  is  present,  more  diazo  should,  and  can,  be  added. 

The  chief  objection  to  Liebman's  method-  is  the  extremely 


September,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


945 


fugitive  character  of  the  blue  color.  In  an  experiment 
made  in  this  laboratory  according  to  his  direction,  the  color 
faded  after  20  minutes.  The  coloration  obtained  in  the 
method  here  described  is  also  fugitive,  but  holds  out  con- 
siderably  longer.    As   the   standard   solution   is   not   very 


stable,  it  was  replaced  by  a  solution  of  Diamine  Blue  2B 
(benzidine  tetrazotized  and  coupled  with  H  acid  in  soda 
solution),  the  strength  being  adjusted  to  the  freshly  prepared 
standard.  In  diluting  the  standard  it  is  well  to  add  1  cc. 
caustic  to  every  50  cc.  of  pure  distilled  water  used. 


Bath  Temperatures  of  Viscometers  of  the  Saybolt  Type' 


By  Winslow  H.  Herschel 
Bureau  of  St.andards,  Washington,  D.  C. 


VISCOSITY  at  a  given 
temperature  is  a 
definite  physical  con- 
stant of  a  liquid,  and  a  vis- 
cometer may  be  judged 
either  as  an  instrument  to 
determine  true  viscosity  pt 
a  known  temperature,  or  as 
an  instrument  to  obtain 
some  measiu'e  or  indication 
of  viscosity  under  specified 
conditions.  In  the  latter  case 
the  important  consideration 

is  whether  results  of  different  laboratories  agree,  but  it  has 
been  found  very  difficult,  if  not  impossible,  to  obtain  adequate 
agreement  unless  instruments  are  so  standardized  as  to  be 
suitable  for  obtaining  true  viscosity  at  a  known  temperature. 

Where  the  viscometer  tube  is  almost  completely  submerged 
in  a  constant  temperature  bath,  and  there  is  little  or  no  doubt 
that  the  liquid  in  the  capillary  or  outlet  tube  is  at  the  same 
temperature  as  the  bath  during  the  entire  period  of  test, 
there  is  no  question  in  regard  to  the  proper  bath  temperature. 
There  is  only  a  question  of  its  constancy.  When,  liowever, 
a  part  of  the  instrument  containing  the  oil  under  test  pro- 
jects above  the  level  of  the  bath,  as  in  the  Saybolt  and 
Barbey  viscometers,  a  distinction  must  be  made  between 
the  actual  and  nominal  temperatures  of  test,  the  former 
being  the  average  temperature  in  the  outlet  tube  during 
the  timed  interval.  The  difference  between  the  actual 
and  nominal  temperature  of  test  will  be  called  the  temperature 
error,  and  there  is  a  question  as  to  what  is  the  proper  bath 
temperature  to  reduce  this  temperature  error  to  a  minimum, 
or  what  correction  to  apply  to  the  observed  viscosity. 

According  to  the  usual  directions  for  operating  the  Saybolt 
viscometer,'  "The  bath  shall  be  held  constant  within 
0.25"  F.  (0.14°  C.)  at  such  a  temperature  as  will  maintain 
the  desired  temperature  in  the  standard  oil  tube."  This 
might  be  taken  to  mean  only  that  the  reading  of  the  oil  tube 
thermometer  shall  be  kept  constant  until  the  run  is  started, 
since  it  is  usual  practice  to  withdraw  the  thermometer 
before  starting  the  run.  In  view  of  this  uncertainty  and  the 
increased  accuracy  now  demanded  in  technical  viscometry,'' 
further  standardization  of  bath  temperatures  appears  de- 
sirable, and  this  paper  is  offered  as  an  aid  in  this  direction. 

At  the  Pittsburgh  meeting  of  the  Aaiericin  Chemical  So- 
ciety a  paper  was  presented  before  the  Petroleum  Section  by 
Klopsteg  and  Stannard  on  "Some  Factors  Affecting  the  Ac- 
curacy of  Saybolt  Viscosity  Measurement  and  Their  Control." 
From  tests  made  at  210°  F.  with  the  bath  temperature 


Standard  lemperalures  should  be  adopted  for  the  Saybolt  oiscom- 
eter  bath  in  order  to  get  reproducible  results. 

Times  of  flow  thus  obtained  cannot  be  used  to  calculate  absolute 
ciscosities  at  the  nominal  temperature  of  test,  unless  allowance  is 
made  for  the  difference  between  the  nominal  temperature  of  test 
and  the  aoerage  temperature  of  oil  in  the  outlet  tube  during  the  run. 

The  variation  of  temperature  in  the  oil  tube  during  the  run  may 
be  observed,  in  the  U  and  F  viscometer,  from  readings  of  a  ther- 
mometer l^epl  in  the  oil  tube  during  the  run,  and  the  average  oil 
tube  temperature  may  be  used  in  calculating  correction  factors 
for  obtaining  the  absolute  viscosity  at  the  nominal  temperature  of  test. 


error,  '' 
100°  F. 


a  Chemistry  at  the  65th 
Haven,  Conn.,  April  2  to 


•  Presented  before  the  Division  of  Petrol 
Meeting  of  the  American  Chemical  Society,  Ni 
7,  1923. 

2  Published  by  permission  of  the  Director, 

>  Bur.  Mines.   Tech.  Paper  323,  37   (1923). 

'  Delbridge,  Proc.  Am.  Soc.  Testing  Materials,  21,  1100  (1921);  "Lubrj. 
cation,"  The  Texas  Co.,  February.  1922,  p.  22. 


Bureau  of  Standards. 


at  212°  F.,  it  was  con- 
cluded that  mechanical 
stirring  should  be  used  in 
order  to  get  a  sufficiently 
uniform  temperature  of  oil 
in  the  oil  tube  before  with- 
drawing the  oil  tube  ther- 
mometer and  starting  the 
test.  When  tests  are  made 
at  210°  F.,  the  determina- 
tion of  a  proper  method  of 
operation  is  further  com- 
plicated  by    the    "cooling 

and  mainly   tests  at  the  standard  temperature  of 

will  be  considered  here. 

The  U  and  F  Viscometer^ 

In  designing  the  U  and  F  viscometer  shown  in  Fig.  1, 
the  author  had  in  mind  an  instrument  which  might  be  used 
to  measure  absolute  viscosity,  and  which  would  also  be  in 
agreement  with  other  instruments  of  the  Saybolt  type  when 
used  to  measure  Saybolt  viscosity  in  seconds.  The  essential 
dimensions  have  therefore  been  chosen  to  conform  with  the 
Saybolt  instrument.' 

In  preliminary  tests'  it  was  found  that  the  temperature 
in  the  oil  tube  could  be  kept  constant  during  the  run  by  a 
proper  choice  of  bath  temperatures,  but,  as  was  found  later, 
this  method  of  selecting  the  bath  temperature  is  not  of 
general  application,  as  it  is  not  possible  with  very  heavy 
oils  at  100°  F.  nor  in  tests  at  210°  F.  To  keep  the  average 
temperature  of  the  oil  in  the  oil  tube  at  the  nominal  tempera- 
ture of  test  necessitates  a  variation  of  bath  temperature  which 
cannot  be  readily  attained  with  thermostatically  controlled 
baths.  It  therefore  seems  preferable  to  define  Saybolt 
viscosity  as  the  time  of  flow  in  seconds  when  the  bath  is 
kept  constant  at  a  predetermined  temperature,  a  standard 
bath  temperature  to  be  agreed  upon  for  each  nominal  tem- 
perature of  test.  Correction  factors  must  then  be  used  to 
determine  absolute  viscosity,  when  desired,  from  readings 
of  Saybolt  viscosity. 

It  is  desirable,  for  reasons  wliich  will  be  discussed  later, 
to  observe  the  variation  in  the  temperature  of  the  oil  in  the 
oil  tube  during  the  run,  as  an  aid  in  obtaining  correction 
factors,  and  it  is  believed  that  these  observations  are  also 
of  value  as  an  indication  whether  or  not  the  oil  under  test 
has  been  sufficiently  stirred  and  is  of  sufficiently  uniform 
temperature  throughout  before  starting  the  run.  To  ob- 
tam  these  readings  it  is  necessary  to  leave  the  thermometer 
in  the  oil  tube  during  the  run,  and  in  the  U  and  F  instrument 
the  diameter  of  the  oil  tube  has  consequently  been  enlarged 

'  Herschel,  Bur.  Standards,  Tech.  Paper  210,  231  (1922). 

•  U  and  F  means  Universal  and  Furol,  and  the  name  was  chosen  be- 
cause this  instrument,  by  changing  the  outlet  tube,  may  be  used  either  as 
a  Saybolt  Universal  or  Saybolt  Furol  viscometer. 

'  Am.  Soc.  Testing  Materials,  Standards,  1921,  703. 

1  Herschel,  Bur.  Standards.  Tech.  Paper  210,  235  (1922) 
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sufficiently  to  compensate  for  the  displacement  of  the  ther- 
mometer stem,  and  thus  keep  the  average  head  the  same  as 
in  the  original  Saybolt  instruments.  The  method  of  support- 
ing the  thermometer  from  the  cover  of  the  oil  tube  is  shown 
in  Fig.  1. 


//af  AND  tDfS/r 


Fig.  1 — U  AND  F  Viscometer 

The  U  and  F  instrument  is  also  equipped  with  interchange- 
able, stainless  steel  outlet  tubes,  which  makes  it  possible 
to  use  a  given  oil  tube  either  as  a  Universal  or  Furol  viscom- 
eter. These  outlet  tubes,  which  are  flat  on  the  ends,  are 
easUy  measured  by  snap  gages,  either  by  the  manufacturer 
or  in  the  inspecting  laboratory,  and  this  is  conducive  to 
accuracy  of  length.  It  is  believed  that  the  outlet  tubes 
will  prove  hard  enough  to  resist  deformation  through  contact 
with  the  thermometer  bulb,  which  in  time  produces  a  burr 
on  the  top  of  unprotected  tubes  made  of  softer  metals. 
Attempts  have  been  made  heretofore  to  protect  the  outlet 
tubes  by  attachments  to  the  thermometer  or  to  the  oil  tube, 
but  such  attachments  present  difficulties  in  cleaning. 

Bath  Temperatures 
In  instruments  of  the  Saybolt  type,  viscosity  measure- 
ments are  dependent  upon  the  temperature  of  the  oil  in  the 
outlet  tube,  which  in  turn  is  determined  by  four  factors: 

1 — The  average  temperature  of  oil  in  the  oil  tube  during  the 
run,  9„, 

2 — The  temperature  of  the  bath,  Gj,  assumed  constant, 
3 — The  average  temperature  of  the  room,  e„ 
4 — The  time  of  flow,  /,  in  seconds. 

In  order  to  secure  reproducibility  in  determinations  made 
in  different  laboratories,  it  is  essential  to  standardize  as 
many  as  possible  of  these  factors.  A  bath  temperature  of 
100.25°  F.  is  now  being  generally  used  in  tests  at  the  nominal 
temperature  of  100°  F.,  and  under  these  conditions  the 
temperature  of  the  oil  in  the  oU  tube  drops  during  the  run 
by  an  amount  which  varies  with  the  time  of  flow  and  the 
room  temperature.  The  average  temperature  of  the  oil 
in  the  oil  tube  must  be  determined  by  a  series  of  temperature 
readings  during  the  run. 


The  room  temperature  could  very  weU  be  standardized 
at  77°  F.,  which  is  the  temperature  most  generally  accepted 
as  standard  in  \asconietry,  but  if  this  cannot  be  done  the 
variation  from  standard  room  temperature  must  be  taken 
into  consideration.  The  time  of  flow  is  not  under  control 
except  in  so  far  as  it  can  be  determined  by  the  choice  between 
the  Universal  and  the  Furol  outlet  tubes. 

It  had  been  found  by  tests  at  room  temperature,  where 
there  could  be  no  doubt  about  the  actual  temperature  of 
test,    that 

B 
Kinematic  viscosity  =  v  =  A  I  —-r  (1) 

where,  with  the  Universal  outlet  tube,  I  is  the  viscosity, 
Saybolt  Universal,  in  seconds,  B  is  an  instrumental  constant 
sufficiently  well  determined  as  1.80  by  the  standard  dimen- 
sions (pro\'ided  resistances  to  flow  outside  the  outlet  tube 
are  negligible),  and  A  =  0.00220  is  another  instrumental 
constant.  The  kinematic  viscosity  is  the  absolute  viscosity, 
II,  in  poises,  divided  by  the  density,  p,  in  grams  per  cubic 
centimeter. 

If,  however,  conditions  are  such  that  the  temperatOTe 
of  oO  in  the  outlet  tube  is  not  equal  to  the  nominal  tem- 
perature of  test,  and  v  has  been  correctly  determined  for  the 
nominal  temperature,  A  will  appear  to  have  other  values. 
For  special  case  of  a  paraffin  base  oU  of  200  seconds  vis- 
cosity, with  bath  temperature  at  100.25°  F.  and  room 
temperature  of  77°  F.,  the  A  value  appeared  to  be  0.00216 
instead  of  0.00220.  It  is  preferable,  however,  to  regard  A 
as  a  constant  for  a  given  instrument,  and  independent  of 
the  conditions  of  test,  since  confusion  is  apt  to  arise  when 
the  distinction  between  a  real  and  apparent  A  value  is 
overlooked.  On  the  other  hand,  the  A  v-alue  does  vary  with 
the  dimensions  of  a  particular  instrument,  and  the  value 
of  0.00220  applies  only  to  instruments  of  strictly  normal 
dimensions. 

For  any  particular  instrument  A  and  B  are  constant,  and 
Equation  1  will  give  the  kinematic  viscosity  Vo  at  the  tem- 
perature Go,  the  average  temperature  of  the  oil  in  the  outlet 
tube  during  the  run.  To  get  v„,  the  kinematic  viscosity  at 
the  nominal  temperature  of  test  9,  a  correction  factor  must 
be  used  somewhat  as  follows. 


=  (--!)[■ 


dp 
yde 


-e.,] 


(2) 


Equation  2  might  be  used  to  determine  the  temperature 

error,  0  —  Go,  when  ve  is  known,  since  -j^,  the  rate  of  change 

of  kinematic  viscosity  with  the  temperature,  may  be  readily 
determined  with  sufficient  accuracy.  However,  when  ve 
is  unknown,  and  it  is  desired  to  correct  the  value  obtained 
from  Equation  1,  it  is  more  convenient  to  omit  from  the 
equation  Go,  wliich  could  only  be  obtained  with  considerable 
difficulty  from  a  series  of  thermocouple  readings.  On  the 
other  hand,  if  the  correction  is  applied  to  Equation  1  by 
the  equation 


(•4'-t)  [i-.4^e(«-«-+ct«-e'l)] 


(3) 


all  the  temperatures  involved  may  be  obtained  from  ther- 
mometer readings. 

Information  is  not  yet  available  for  determining  C,  which, 
for  approximate  purposes,  it  may  prove  possible  to  regard 
as  a  constant.  More  accurately,  C  is  a  function  of  0  —  Gr, 
G„  and  the  time  of  flow.  When  G  =  G,  =  Go,  the  true  value 
of  ve  may  be  obtained  from  Equation  1,  since  »'e  =  J'o,  but 
in  other  cases  a  correction  factor  must  be  applied  which, 
for  a  given  nominal  temperature  of  test  and  temperature 
of  bath,  will  vary  with  the  room  temperature,  the  time  of 
flow,  and  the  rate  of  change  of  viscosity  of  the  oil  with  the 
temperature. 
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Measurement  of  the  Relative  Absorption  Efficiencies  of 
Gas-Absorbent  Oils' 

By  Robert  E.  Wilson  and  Harold  S.  Davis 

Massachusetts  Institute  of  Technoi,ogy  and  Arthur  D.  Little,  Inc.,  Cambridge,  Mass. 


IT  IS  well  recognized 
that  there  is  a  need 
for  some  reliable  meth- 
od of  testing  the  absorb- 
ing capacity  of  gas-absor- 
bent oils,  for  the  recovery 
of  "light  oU"  from  gas,  and 
for  some  information  as  to 
the  desirability  of  including 
such  a  test  in  specifications. 
The  writers  in  cooperation 
with  Subcommittee  II  of 
Committee  D-2  of  the 
American  Society  for  Test- 
ing Materials  have  applied 
their  respective  methods  of 
measuring  vapor  pressures 
to  this  problem.  Work  by 
the  two  methods  was  carried 
on  quite  independently,  and 

the  results  were  compared  upon  its  completion.  However, 
the  fundamental  data  involved  were  so  similar  that  it  seemed 
desirable  to  combine  the  results  of  the  two  sets  of  experi- 
ments into  a  single  paper. 

Oils  Used  and  Molecular  Weight  Data 

At  the  request  of  the  committee,  seven  samples  of  gas- 
absorbent  oiF  were  prepared  by  the  Atlantic  Refining  Com- 
pany to  meet  the  foUowing  specifications: 

1 — A  straight-run,  midcontinent  distillate,  over  point  about 
450°  F.,  80  per  cent  distilling  below  680°  F. 

2 — Representing  approximately  one-half  Sample  1  of  low 
boiling  point. 

3 — Representing  approximately  one-half  Sample  1  of  high 
boiling  point. 

4 — Oil  of  approximately  the  same  distillation  ranges  as  Sample 

2  but   acid-treated. 

5 — Oil  of  approximately  the  same  distillation  ranges  as  Sample 

3  but  acid-treated. 

6 — Highly  cracked,  midcontinent  distillate  of  about  the  same 
distillation  ranges  as  Sample  2. 

7 — Highly  cracked,  midcontinent  distillate  of  about  the  same 
distillation  ranges  as  Sample  3. 

In  addition  to  these  seven,  the  writers  desired  to  test  a 
coal-tar  oil''  similar  to  those  frequently  used  in  England  for 
benzene  recovery. 

Since  absorption  efficiency  might  be  expected  to  vary 
inversely  with  the  molecular  weight  of  the  oiP  (if  Raoult's 
law  held),  it  seemed  desirable  to  make  careful  determinations 
of  this  constant.  Most  of  this  work  was  done  by  F.  J. 
Guerin  at  the  Massachusetts  Institute  of  Tecluiology,  by 

1  Published  as  a  joint  contribution  from  the  Research  Laboratory  of 
Applied  Chemistry  of  Massachusetts  Institute  of  Technology  (Contribution 
No.  67)  and  from  the  laboratories  of  Arthur  D.  Little,  Inc. 

2  Presented  before  the  Division  of  Petroleum  Chemistry  at  the  64th 
Meeting  of  the  American   Chemical  Society,  Pittsburgh,  Pa.,  September 

4  to  8.  1922. 

'  These  oils  were  obtained  through  the  courtesy  of  C.  A.  Lunn,  chairman 
of  Subcommittee  II  on  Gas-Absorbent  Oils  of  the  American  Society  for 
Testing  Materials. 

*  Obtained  through  the  courtesy  of  The  Barrett  Company. 

»This  Journai.,  10,  718  (1918). 


The  relative  absorption  efficiencies  for  benzene  of  eight  gas- 
absorbent  oils  were  measured  by  two  vapor  tension  methods  developed 
independently  by  the  writers.  The  results  show  that  the  seven 
petroleum  distillates,  which  varied  considerably  in  boiling  range 
and  method  of  production,  were  strikingly  similar  in  the  volume  of 
benzene  which  could  be  absorbed  by  a  given  volume  of  the  oil  under 
specified  conditions.  The  differences  in  molecular  weight  of  the 
oils  should  have  produced  variations  in  absorption  efficiencies  if 
Raoult's  law  held,  but,  strangelt/  enough,  these  differences  were 
Just  about  counterbalanced  by  he  deviations  from  Raoult's  law. 
The  coal-tar  distillate  was  found  to  be  a  somewhat  better  absorbent, 
but  certain  other  properties  constitute  serious  objections  to  its  use 
in  most  commercial  installations. 

In  the  light  of  the  results,  it  does  not  appear  necessary  to  pre- 
scribe any  absorption  or  vapor  pressure  test  for  gas-absorbent  oils 
of  the  ordinary  range  of  compositions. 

The  molecular  weights,  specific  gravities,  and  boiling  points  of 
the  various  oils  are  given. 


the  methods  described  in 
detail  in  the  previous  arti- 
cle.'^ The  results,  together 
with  other  significant  data 
kindly  supplied  by  T.  G. 
Delbridge,  of  the  Atlantic 
Refining  Company,  for  the 
first  seven  oils,  are  given  in 
Table  I.  Plots  of  the  molec- 
ular weight  data  are  given 
in  Figs.  1  to  3,  inclusive. 

The  molecular  weight 
determinations  were  aU 
made  without  any  knowl- 
edge of  any  other  properties 
of  the  oUs,  but  when  the 
data  were  compared  with 
the  specifications,  the  con- 
sistency of  the  results  was 
quite  gratifying.  Thus  it 
appears  that: 

(o)  The   higher   boiling   cuts   had   molecular   weights   about 

forty  points  higher  than  the  corresponding  lower  boiling  cuts. 

(i)  For  a  given  boiling  range  there  is  very  little  difference 

between  the  molecular  weights  of  the  cracked  and  uncracked 

products. 

(c)  Acid  treating  reduces  the  average  molecular  weight  of 
the  oils  from  eight  to  ten  points.  Since  the  loss  on  treatment 
is  reported  by  Dr.  Delbridge  as  1  to  2  per  cent,  it  would  appear 
that  the  average  molecular  weight  of  the  material  removed  in 
acid  treatment  was  over  500;  possibly  much  of  it  was  really 
colloidal. 

Table  I — Properties  op  Gas-Absorbent  Oils  Tested 


Gravity 
A.P.I. 
36.8 
38.6 
34.8 
38.6 
35.0 
34.4 
33.4 


Sp.  Gr. 
0.841 
0.832 
0.851 
0.832 
0.850 
0.853 
0.858 
1.10 


Saybolt   Initial 
Viscosity  Boiling  50  Per  cent 

at         Point        Point         Dry 


"F. 

°F. 

Point 

Wt. 

449 

546 

760 

228 

426 

504 

666 

214 

497 

588 

776 

253 

432 

504 

668 

204 

502 

588 

774 

245 

464 

567 

680 

218 

514 

590 

708 

250 

455 

620 

796 

167 

Methods  for  Measuring  Absorbing  Capacity 

The  two  methods  employed  were  similar  in  that  they 
measured  the  vapor  tensions  of  dilute  solutions  of  benzene 
of  definite  concentration  in  the  various  gas-absorbent  oils, 
the  better  absorbers  giving  the  lower  vapor  tensions. 

In  using  the  Davis  method,  described  in  detail  in  the  sub- 
sequent article,^  solutions  containing  four  parts  by  volume 
of  benzene  in  100  parts  by  volume  of  the  absorbent  oils  were 
made  up  by  measurement  of  definite  quantities  of  the  liquids 
from  standardized,  graduated  pipets  (2  cc.  and  50  cc). 

To  measure  the  vapor  tension  of  benzene  from  each  of  the 
resulting  solutions,  2.3  cc.  (1  per  cent  of  the  volume  of  the 
flask  of  the  apparatus)  were  measured  into  one  of  the  small 
glass  containers.  The  upper  stem  of  the  container  was  then 
drawn  out  to  a  fine  capillary,  which  was  cut  off  to  about 
2  cm.,  but  not  sealed. 

Freshly  distilled,  C.  P.  benzene  was  used.  The  greater 
part  came  over  within  less  than  0.5°  C. 

•  Wilson  and  Wylde,  This  Journal,  IB,  801  (1923). 

'  Davis  and  Davis,  to  appear  in  October  issue  of  This  Journal. 
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To  illustrate  the  methods  of  calculation  and  correction 
employed,  full  details  are  given  below  for  the  first  test  on 
absorbent  oil  No.  1. 


Procedure 
Put  apparatus  in  bath,  closed  stop- 


Broke  contain 


0.0 

-13.4 

-13.8 

-13.9 

-13.9 

-13.9 

61.3 

84.0 

93.1 

97.2 

101.0 

102.  S 

103.9 

103.9 

117.8 


Total  pressure  developed  (uncorrected) 
Temperature  of  bath  =  25°  C. 
Barometer  pressure  =  76.7  cm.  mercury 
a  Gas-absorbent  oil  No.  1  was  used  as  the  manometer  liquid  in  all  tests. 

This  result  must  be  corrected  for  two  factors. 

(a)  The  changes  in  the  volumes  of  the  two  flasks  of  the  appa- 
ratus due  to  the  movement  of  the  manometer  liquid.  This  was 
calculated  from  the  following  data: 


Volume  of  1-cm.  length  of  manometer  tube 
Average  volume  of  the  two  flasks 
Barometer  pressure 


0.052  cc. 

234  cc. 

767  mm.  mercury 


The  change  in  volume  of  the  air  in  each  flask  for  a  change 
.     .      ,  0.052 

in  the  levels  of  the  manometer  liquid  of  1  cm.  =  — :^ —  cc,  eorre- 

0.052  X  767 
spondmg  to  a  change  m  pressure  of  — 2  X  2^4      ~  0.085  mm.  of 

mercury,  so  that  the  total  correction  due  to  the  changes  in 
pressure  in  both  flasks  is  0.17  mm.  of  mercury. 

Now,  1  cm.  of  the  oil  used  for  manometer  liquid  (sp.  gr.  = 
0.833)   =   0.0614  cm.  of  mercury.     Consequently,  the  observed 

0.17  X  100 
readmg  must  be  mcreased  by  — TfaTl —    =  27.5  per    cent    to 

correct  for  this  factor. 

(b)  The  change  in  concentration  of  the  solution  due  to  the 
partial  evaporation  of  benzene  into  the  flask: 

Let  V  =  volume  of  flask  in  cubic  centimeters 

w  =  grams  of  benzene  in  the  solution  in  the  container 
P  =  benzene  pressure  developed  in  millimeters  of  mercury 

Then  at  25°  C.  the  percentage  of  benzene  which  evaporates 
,     „    .   .   0.00042  Pt) 
mto  the  flask  :s tTF 

In  the  case  of  the  test  above  this  correction  is  13.9  per  cent, 
so  that  the  total  correction  factor  by  which  the  readings 
should  be  multiplied  is  1.275  X  1.139  =  1.45. 

The  corrected  vapor  tension  of  a  4  per  cent  solution  of 
benzene  in  this  absorbent  oil  is  therefore  170.8  mm.  The 
detailed  results  on  all  the  oils  are  discussed  in  a  subsequent 
section. 
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Fig.  2 

The  Wilson- Wj'lde  method  and  calculations  were  described 
in  detail  in  the  preceding  article.''  Most  of  the  oils  were 
tested  with  only  one  concentration  of  benzene — approxi- 
mately 5  per  cent  by  weight  (the  precise  concentrations  differed 
slightly  and  were  of  course  taken  into  account  in  plotting 
the  results).  Measurements  were  made  at  a  series  of  tem- 
peratures between  20°  and  120°  C.  The  temperature  coeffi- 
cients were  in  all  cases  small  and  similar  to  those  for  gas- 
absorbent  oils  Nos.  2  and  3,  for  which  the  complete  curves 
are  given  in  Fig.  5.  Since  the  60°  C.  values  are  considered 
the  most  reliable,  they  were  used  for  comparative  purposes. 

Discussion  of  Results 

Unfortunately,  since  the  problem  was  originally  attacked 
independently  by  the  two  laboratories,  the  concentrations 
used  in  the  two  cases  were  appreciably  different,  making 
direct  comparison  impossible.  Furthermore,  the  Davis 
measurements  were  all  at  25°  C,  while  the  Wilson-Wylde 
results  were  most  reliable  at  60°  C.  It  therefore  seemed  best 
to  compare  the  results  graphically  in  order  to  study  the  de- 
viations from  Raoult's  law  as  shown  by  the  two  sets  of  ob- 
servations.   The   observed   vapor   tensions   were   therefore 


Fig.  3 

calculated  as  percentages  of  the  saturation  tensions  at  the  same 
temperature  and  plotted  against  the  molecular  fraction  of 
benzene  in  the  solution,  as  showoi  in  Fig.  4.  The  lines  are 
drawn  straight  through  the  origin  and  the  observed  points, 
as  demanded  by  Henry's  law,  which  should  hold  fairly  ac- 
curately in  this  region.  By  comparing  the  intersection  of 
the  two  sets  of  lines  with  the  12  per  cent  saturation  lines 
at  which  they  end,  it  is  possible  to  compare  closely  the  results 
obtained  by  the  two  methods. 

The  consistency  of  the  results  is  on  the  whole  quite  satis- 
factory,  considering  the  large  corrections  which  must  be 
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applied  to  the  first  method  and  the  manipulative  difficulties 
of  the  second.  In  both  sets  of  results,  oils  Nos.  2,  4,  and  6 
(the  three  low  boiling  ones)  are  grouped  together  with  devia- 
tions slightly  above  Raoult's  law,  while  the  three  high 
boiling  cuts,  Nos.  3,  5,  and  7,  are  similarly  grouped  with 
negative  deviations,  oil  No.  1  occupying  an  intermediate 
position.  Oil  No.  8,  the  coal-tar  distillate,  gave  much  higher 
results  in  both  sets  of  experiments. 

Even  the  relative  positions  of  the  oils  in  the  two  groups 
are  fairly  consistent,  but  the  variations  between  the  members 
of  the  groups  are  so  small  that  this  must  be  considered  as 
more  or  less  accidental  (note  that  the  figure  is  drawn  on  a 
very  large  scale). 

As  a  whole,  the  Davis  results  are  2  to  3  per  cent  lower  than 
those  of  Wilson  and  Wylde,  which  is  not  surprising  under 
the  circumstances.  The  ratio  of  liquid  volume  to  air  space 
is  about  four  hundred  times  greater  in  the  latter  than  in  the 
former  case,  so  the  tendency  is  to  get  high  residts  by  the 
latter  method  and  low  ones  by  the  former.  The  average 
should  be  fairly  near  the  truth.  The  discrepancy  would 
be  a  little  greater  if  the  less  reliable  25°  C.  values  of  Wilson 
and  Wylde  were  used. 

At  any  rate,  there  can  be  no  serious  doubt  as  to  the  re- 
liability of  both  methods  within  a  very  few  per  cent,  and  the 
comparative  results  between  different  oUs  by  the  same 
method  are  probably  good  within  1  per  cent  if  proper  pre- 
cautions are  taken. 

Since  the  method  of  plotting  in  Fig.  4  placed  the  seven 
oils  in  two  groups  as  far  as  deviation  from  Raoult's  law  is 
concerned,  it  might  be  expected  that  this  division  signifies 
real  differences  in  absorption  efficiencies.  Surprisingly 
enough,  however,  the  magnitude  and  direction  of  these  devia- 
tions are  very  nearly  such  as  to  counterbalance  the  differ- 
ences which  would  be  caused  by  the  variations  in  the  molec- 
ular weight  if  Raoult's  law  held. 
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Fig.  5 


In  other  words,  the  oils  which  would  be  e.xpected  to  give 
better  absorption  because  of  lower  molecular  weights  deviate 
from  the  predictions  of  Raoult's  law  just  about  enough  to 
nullify  this  apparent  advantage.  As  a  result  the  percentage 
by  volume  of  benzene  absorbed  by  the  chfferent  oils  under 
given  conditions  is  substantially  the  same  for  all,  as  indicated 
by  the  following  tabulation  of  results: 

Relative  Amounts  op  Benzene  Absorbed  from  Air  12   Per  cent  Sat- 
urated WITH  Benzene  Vapor  by  Different  Gas-Absorbent 
Oils 
Molar  Per  cent  Absorbed 


Sample 

Molecular  Sp.  Gr. 
Weight     60°  F. 

Wilson 

and 
Wylde 

Davis 

Per  cent 
By         By 
Average  Weight  Volume 

1 
2 
4 
6 

228 
214 
204 
218 

0.841 
0.832 
0.832 
0.853 

11.42 
11.22 
11.09 
11.00 

11.93 
11.62 
11.29 
11.46 

11.68 
11.42 
11.19 
11.23 

4.33 
4.48 
4.60 
4.32 

4.15 
4,26 
4.38 
4.18 

Average2,  4,  6    212 

0.839 

11.10 

11.46 

11.28 

4.47 

4.27 

3 

5 
7 

253 
245 
250 

0.851 
0.850 
0.858 

12.58 
12.00 
12.30 

13.06 
12.40 
13.37 

12.82 
12.20 
12.83 

4.33 
4.23 
4.39 

4.22 
4.13 
4.32 

Average  3,  5,  7    249 

0.853 

12.29 

12.94 

12.61 

4.32 

4.22 

Average  of 

all     230 

0.845 

11.66 

12.16 

11.91 

4.38 

4.26 

S 

167 

1.10 

9.32 

9.32 

9.32 

4.57 

5.64 

While  there  are  certain  variations  in  the  last  column  for  the 
first  seven  oils,  they  are  barely  beyond  the  experimental  error, 
are  not  consistent  with  any  of  the  properties  of  the  oils,  and 
are  quite  without  significance  commercially — a  difference 
of  1°  to  2°  C.  in  temperature  making  more  difference  in  the 
absorption  capacity  in  any  one  than  any  of  the  variations 
observed  between  the  oUs  themselves.  Since  there  is  no 
consistent  difference  in  the  percentages  absorbed  by  volume, 
the  slight  advantage  of  the  lighter  oils  shown  in  the  weight 
per  cent  column  is  due  to  their  lower  specific  gravities. 

Gas-absorbent  oil  No.  8  stands  out  from  the  petroleum 
products  in  all  the  tests.  Its  deviation  from  Raoult's  law 
is  very  large  and  positive,  as  might  be  expected  from  the 
chemical  dissimilarity  between  an  oxygen  compound  and  a 
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hydrocarbon.  Nevertheless,  this  apparent  disadvantage  is 
more  than  overcome  by  the  very  low  molecular  weight  of 
the  coal-tar  oil,  and  the  percentage  of  benzene  absorbed  by 
weight  is  slightly  liigher  than  that  taken  up  by  the  petroleum 
oils  under  similar  conditions.  This  oil  is  so  dense,  however, 
that  the  volume  percentage  held  is  considerably  greater. 
Its  excessively  high  viscosity  (especially  when  cold),  greater 
cost,  and  difficulty  of  handling  in  steam  distillation  would 
almost  certainly  rule  it  out  under  present  conditions  in  this 
country,  although  the  English  claims  of  greater  absorption 
efficiency  appear  to  be  justified.  At  the  same  time,  the 
possibility  of  using  coal-tar  products  under  special  conditions 
should  not  be  overlooked. 
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Fig.  6 

In  order  to  study  the  deviations  from  Raoult's  law  over 
the  whole  range  of  concentrations,  more  observations  were 
made  by  Wilson  and  Wylde  on  the  three  representative 
absorbent  oils.  The  results  on  Nos.  2  and  3  are  shown  in 
Fig.  5  and  those  on  No.  8  in  Fig.  6.  The  curves  indicate 
that  the  deviations  from  Raoult's  law  are  consistent  over 
the  whole  range  of  concentrations.  They  also  bring  out 
the  effect  of  temperature  on  the  relative  vapor  tensions  of 
the  different  solutions,  higher  temperatures  giving  slightly 
lower  relative  vapor  tensions. 

A  comparison  of  the  benzene  absorption  capacities  on  a 
weight  basis,  of  gas-absorbent  oils  Nos.  2,  3,  and  8,  is  sho-svTi 
in  Fig.  18  of  the  previous  article.  Throughout  the  whole 
range,  the  similarity  between  all  the  hydrocarbon  oils  is 
indeed  striking,  considering  the  wide  variations  in  molecular 
weight,  etc. 

Recommejtoations  Regarding  an  Absorptiox  Test  for 
Gas- Absorbent  Oils 

After  a  careful  comparative  study  of  these  two  methods 
and  the  results  obtained,  the  writers  agree  to  the  following 


conclusions  regarding  the  problem  of  testing  gas-absorbent 
oils: 

1 — Cost  considerations  and  certain  necessary  physical  proper- 
ties-— especially  viscosity  at  low  temperatures  and  initial  boiling 
point — practically  limit  the  choice  of  gas-absorbent  oils  for 
benzene  in  this  country  to  a  comparatively  narrow  range  of 
mineral-oil  fractions.  All  the  samples  tested  appear  to  have 
absorptive  capacities  so  nearly  identical  that  the  addition  of  a 
rather  complicated  absorption  test  to  the  other  physical  tests 
required  does  not  appear  to  be  justified. 

2 — While  the  method  used  for  molecular  weight  determina- 
tion is  quite  satisfactory  for  the  purpose,  the  result  is  not  directly 
significant  as  a  measure  of  the  absorptive  capacity  of  the  oil, 
and  hence  should  not  be  made  the  basis  for  any  requirement. 

3 — For  research  purposes,  involving  the  study  of  a  wider  range 
of  absorbent  oils  for  benzene  or  absorbents  for  other  volatile 
solvents,  either  of  the  two  vapor  tension  methods  referred  to,  with 
the  specified  precautions,  will  give  satisfactory  results.  For  the 
comparison  of  absorptive  capacities  at  a  single  moderate  tem- 
perature, the  Davis  method  is  undoubtedly  simpler,  but  if  in- 
formation is  desired  at  a  number  of  different  temperatures, 
and  especially  at  temperatures  above  40°  C,  the  Wilson-Wylde 
method  is  more  reliable  and  requires  less  time. 


Motion  Picture  Films 

The  International  Committee  of  Young  Men's  Christian 
Associations,  New  York,  N.  Y.,  has  secured  a  number  of  new 
films  since  the  publication  of  the  list  in  the  March  issue  of  This 
JotTRNAL.     Among  these  are  the  following: 


1224 

Hemp  to  Hawsers 

Wall  Rope  Company 

1225 

From  Logs  to  Lumber 

Southern  Pine  Association 

1228 

The  Spirit  of  the  Birch 

Sidway    Mercantile   Company 

1229 

Shoeing  the  Horse  of  Progress 

l  Kelly-Spring6eld    Tire    Com- 

1231 

Among  the  Tire  Builders 

/      Pany 

1234 

The  Rice  Industry 

Rice  Millers  of  America 

1235 

Summer  in  Winter 

Monitor  Stove  Company 

1236 

Story  of  a  Watch 

Illinois  Watch  Company 

1237 

Story  of  Virgin  Wool 

Strong  and  Hewat 

1239 

The  Making  of  a  Book 

Doubleday,  Page  &  Company 

1240 

The  Birth  of  a  Hat 

J.  B.  Stetson  &  Company 

1241 

Story  of  Compressed  Air 

Compressed  Air  Society 

1242 

History  of  the  Telephone 

American  Telephone  &  Tele- 
graph Company 

1243 

From  Calves  to  Kiddies 

McElroy-Sloan  Shoe  Company 

1244 

The  Danger  That  Never  Sleeps 

National  Board  of  Fire  Under- 
writers 

1252 

The  Valley  of  Fair  Play 

1 

1253 

Tanning 

\  Endicott- Johnson  Corporation 

1254 

Shoemaking 

J 

1255 

The   Romance   of   an    American 
Soft  Drink 

Chas.  F.  Hires  Company 

12.57 

Ore  Pits  to  Billets 

1258 

Rails    and    Plates 

1259 

Wire  and  Wire  Products 

■  U.  S.  Steel  Corporation 

1260 

Pipes  and  Tubes 

1261 

Tin   Plate 

1262 

The  Human  Side  of  Steel  Making 

' 

1263 

A  Miracle  in  Typewriters 

Shipman  Ward  Manufacturing 
Company 

1266 

Sanitation  at  Home  and  on  the 
Farm 

Phinotas   Chemical    Company 

1269 

King  Cotton 

1270 

Electricity  at   Work 

■  .\labama  Power  Company 

1271 

Minerals  and  Metals 

1272 

Water  by  Wire 

Duro  Pump  &  Machinery 
Corporation 

1273 

Dates  from  the  Garden  of  Eden 

Hills   Brothers   Company 

1092 

Inside  Out   (Digestion) 

Standard   Oil   Company 

1275 

Milady    Beautiful 

National  Hair  Goods  Com- 
pany 

1150 

Where  Dollars  Have  Sense 

H.  C.  Bohack  Company 

1004 

A  Pullman  Travelog 

Pullman  Company 

1001 

Yours  to  Command 

National  Electric  Light  Asso- 
ciation 

1012 

The  Modern  Goliath 

Bucyrus  Company 

1014 

Meat  for  Health 

Institute  of  American  Meat 
Packers 

1036 

Story  of  the  V-Type,  8-Cylinder 

Motor 

Cadillac  Motor  Car  Company 

1041 

A  Blessing  Born  in  the  Agony  of 

War 

Zonite    Products    Corporation 

1061 

Heath  o'  the  Wheat 

C.  F.   Mueller  Company 
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The  Quantitative  Determination  of  Sulfur  Forms  in  Coke" 

By  Alfred  R.  PoweU 

Pittsburgh  Experiment  Station,  U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa. 


Methods  have  been  developed  for  the  quaniitatioe  determination 
of  the  four  forms  of  sulfur  which  exist  in  coke.  These  methods 
have  prooed  to  be  accurate,  and  can  be  applied  without  the  use  of 
elaborate  apparatus. 


IN  another  paper  the 
writer'  has  described  an 
investigation  in  which 
the  nature  of  the  sulfur 
present  in  coke  was  deter- 
mined.   As  the  coke  existed 

in  the  oven,  two  forms  of  sulfur  were  present — namely,  fer- 
rous sulfide  and  sulfur  held  in  the  carlaon  apparently  in  the 
form  of  a  solid  solution.  During  the  quenching  of  the  coke, 
however,  oxidation  takes  place,  so  that  a  portion  of  the 
ferrous  sulfide  is  oxidized  to  iron  oxide  and  free  sulfur,  a 
much  smaller  part  of  the  ferrous  sulfide  is  oxidized  to  sulfate, 
and  another  part  of  the  ferrous  sulfide  remains  unchanged. 
Therefore,  the  finished  coke  will  contain  sulfur  in  four 
forms:  (1)  ferrous  sulfide,  (2)  sulfates,  (3)  free  sulfur  ad- 
sorbed on  the  surface  of  the  coke,  and  (4)  sulfur  held  in 
solid  solution  in  the  carbon. 

Coke  which  has  been  made  by  fast  heating,  such  as  that 
made  in  smaU  quantities  in  the  laboratory  or  made  in  small 
gas  retorts,  does  not  quite  conform  to  these  conditions,  which 
apply  to  coke  made  by  the  ordinary  process  in  the  by-product 
oven  or  in  the  beehive  oven.  Coke  made  by  fast  heating  con- 
tains sulfur  in  three  forms  before  removal  from  the  retort, 
instead  of  the  two  mentioned  for  the  ordinary  oven  coke. 
The  third  form  is  adsorbed  free  sulfur,  which  seems  to  be 
driven  to  the  surface  of  the  coke  by  the  fast  heating,  rather 
than  entering  the  carbon  in  solution.  When  this  coke  is 
quenched,  as  a  result  of  the  consequent  oxidation  it  contains 
the  same  four  forms  as  the  oven  coke. 

The  methods  by  means  of  which  the  nature  of  the  coke 
sulfur  was  investigated,  and  which  have  been  described  in  the 
paper  referred  to,  gave  a  method  for  the  quantitative  determi- 
nation of  the  sulfur  forms  in  coke,  but  it  involved  the  use  of  a 
complicated  apparatus,  accurate  temperature  control,  a 
long  series  of  titrations,  and  many  other  disadvantages.  It 
was  entirely  unsuitable  for  the  analysis  of  the  sulfur  forms  in 
coke,  although  it  proved  to  be  invaluable  in  determining  what 
was  the  character  of  those  sulfur  forms.  A  quick,  accurate, 
and  convenient  method  was  therefore  sought,  by  means  of 
which  quantitative  analyses  could  be  made  of  the  four  sulfur 
forms  in  coke  samples. 

Experimental 

Ferrous  Sulfide — With  the  exception  of  very  small  quanti- 
ties of  calcium  and  magnesium  sulfides,  ferrous  sulfide  is  the  only 
metallic  sulfide  occurring  in  coke.  The  determination  of  this 
substance,  therefore,  amounts  to  a  determination  of  the  metallic 
sulfide  content,  which  is  very  easily  performed.  The  method 
which  the  writer  has  used  for  the  determination  of  ferrous  sul- 
fide in  coke  has  been  described  in  another  paper,*  so  that  no 
experimental  work  was  necessary. 

Sulfate — The  determination  of  the  sulfate  content  of  coke 
has  been  described  in  the  paper  just  referred  to. 

Free  Sulfur — The  determination  of  the  free  sulfur  held  on  the 
surfaces  of  the  coke  in  an  adsorbed  condition  required  consider- 
able experimental  work  in  its  development.  At  the  outset  it  was 
realized  that  no  direct  method  could  be  used,  since  solvents  will 
not  extract  the  adsorbed  free  sulfur  from  the  coke  quantitatively, 
heat  will  not  drive  out  this  form  of  sulfur  to  any  extent,  and  any 
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method  of  attack  must  in- 
volve chemical  combination 
of  the  sulfur. 

As  stated  before,  the  pre- 
vious investigation  of  the 
forms  of  sulfur  in  coke  had 
produced  a  method  by  means 
of  which  the  quantity  of  the  various  sulfur  forms  present  could  be 
determined.  The  examination  of  the  coke  involved  a  phase  rule 
study  of  the  coke  sulfur.  With  the  coke  at  a  constant  temperature, 
the  pressure  of  free-sulfur  vapor  over  the  coke  was  measured.  The 
sulfur  was  then  removed  from  the  coke  in  small  successive  amounts 
and  the  vapor  pressure  of  sulfur  was  redetermined  after  each 
removal.  Thus,  a  curve  was  obtained  which  expressed  the  re- 
lationship between  the  amount  of  sulfur  in  the  coke  and  the  pres- 
sure of  free-sulfur  vapor  over  the  coke,  the  temperature  being 
constant.  Phase  rule  deductions,  then,  give  us  a  method  for 
determining  how  much  of  the  sulfur  in  the  coke  is  ferrous  sulfide 
and  how  much  is  in  the  solid-solution  form.  The  other  two  forms 
of  coke  sulfur  were  not  present  under  these  conditions,  since  the 
method  of  measuring  the  vapor  pressure  of  the  sulfur  depended 
on  the  passage  of  hydrogen  over  the  coke,  and  the  conditions 
were  therefore  strongly  reducing.  However,  this  previous 
investigation  had  shown  that  the  free  sulfur  and  the  sulfates  in 
coke  had  resulted  from  the  oxidation  of  some  of  the  ferrous 
sulfide,  and  that  the  sum  of  the  ferrous  sulfide,  the  free  sulfur, 
and  the  sulfates  in  the  coke  which  had  been  subjected  to  oxida- 
tion, was  equal  to  the  original  content  of  ferrous  sulfide  in  the 
coke  under  reducing  conditions.  Therefore,  since  the  ferrous 
sulfide  and  sulfates  could  be  determined  in  the  coke  by  known 
methods,  and  since  the  sum  of  the  ferrous  sulfide,  the  sulfates, 
and  the  free  sulfur  had  been  determined  by  the  phase  rule  study, 
the  free-sulfur  content  of  the  coke  was  known. 

Solid-Solution  Sulfur — Since  this  was  the  only  form  of 
sulfur  in  the  coke  for  which  an  analytical  method  had  not  been 
worked  out,  it  was  very  readily  determined  by  difference  from  the 
total  sulfur. 

The  testing  of  samples  for  a  quick  and  accurate  method  of 
analysis  could  therefore  be  carried  on  with  the  use  of  coke 
samples  of  knotvn  free-sulfur  content.  Several  of  theSe  sam- 
ples were  available,  and  were  used  in  the  present  investigation. 

Roasting  Method 

The  first  method  investigated  was  the  roasting  of  the  coke 
at  such  a  temperature  that  the  ferrous  sulfide  and  adsorbed 
free  sulfur  would  evolve  their  sulfur  as  sulfur  dioxide,  and  be 
'  determmed  as  such.  Provided  that  tliis  treatment  were 
carried  on  under  such  conditions  that  the  coke  itself  would 
not  be  oxidized,  the  sulfur  held  in  solid  solution  by  the  carbon 
would  not  be  affected,  since  it  is  extremely  stable.  The  sul- 
fates, of  course,  would  remain  in  the  coke.  Since  the  ferrous 
sulfide  content  of  the  coke  would  have  been  determined  al- 
ready, it  would  be  possible  to  calculate  the  adsorbed  free 
sulfur  by  difference. 

Trials  at  several  different  temperatures  showed  that  500°  C. 
was  the  best  temperature  for  the  oxidation  of  the  sulfur  with- 
out causing  any  measurable  loss  of  coke.  The  powdered 
coke  was  placed  in  a  boat,  and  tliis  was  put  in  a  tube  kept  in 
a  furnace  at  500°  C.  Air  was  passed  over  slowly  for  about  a 
half  hour.  For  the  purpose  of  absorbing  the  sulfur  dioxide, 
the  air  passing  out  to  the  tube  was  bubbled  tlu'ough  sodium 
hydroxide  solution.  This  solution  was  later  acidified  and 
titrated  with  iodine. 

The  results  from  this  roasting  method  were  very  imsatis- 
factory.  Analysis  of  the  residual  coke  showed  that  the  fer- 
rous sulfide  had  completely  disappeared.  However,  the  re- 
sults were  invariably  low,  showing  that  the  free  sulfur  and 
the  ferrous  sulfide  had  not  oxidized  quantitatively  to  sulfur 
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dioxide.  Indications  pointed  to  the  fact  that  some  of  the 
sulfur  was  oxidized  to  sulfur  trioxide,  as  shown  by  the  pres- 
ence of  a  faint  mist  in  the  outlet  air  and  an  increase  in  the 
sulfate  content  of  the  coke.  The  low-temperature  roasting 
method  for  the  free-sulfur  content  of  coke  was  therefore 
abandoned. 

Reduction  Method 

The  next  method  tried  was  a  reduction  method.  Since 
the  free  sulfur  and  the  sulfates  in  the  coke  are  formed  by 
oxidation  during  the  quenching  of  the  coke,  it  was  thought 
that  the  reduction  of  the  coke  would  re-convert  the  free  sulfur 
and  the  sulfates  into  ferrous  sulfide.  The  ferrous  sulfide 
could  then  be  determined,  and  by  subtracting  the  ferrous 
sulfide  and  sulfates  in  the  original  coke  the  free-sulfur  content 
of  the  original  coke  would  be  known. 

The  reduction  was  carried  out  by  placing  a  weighed  amount 
of  the  powdered  coke  in  a  boat,  inserting  tliis  boat  in  a  tube 
combustion  furnace,  and  finally  reducing  the  coke  at  a  red 
heat  with  hydrogen.  The  tube  was  fii-st  rinsed  out  with 
hydrogen  to  eliminate  all  air,  then  the  outlet  was  closed  and 
a  very  slight  pressure  of  hydrogen  was  maintained  in  the 
tube  to  insure  a  thoroughly  reducing  atmosphere  at  all  times. 
After  the  tube  had  reached  a  red  heat,  the  heating  current 
was  turned  off  and  the  tube  was  allowed  to  cool,  the  atmos- 
phere of  hydrogen  being  maintained,  of  course,  until  the  tube 
was  entirely  cool.  The  ferrous  sulfide  was  then  determined 
in  the  coke  in  the  usual  manner.  The  following  table  gives 
the  results  from  a  variety  of  cokes : 

^ Percentage  of  Sulfur  in  Coke . 

FeS 

FeS      (After  FeS  SO.      Free  S 

(Phase  Reduc-  (Orig-  (Orig-    (Orig- 

Rule      tion  inal  inal        inal 

Total    Curve)   by  Hi)  Coke)  Coke)    Coke) 

2.04       1.02       1.00  0.64  0.00       0.36 

1.31       0.45       0.47  0.26  0.02       0.19 

1.10       0.40       0.41  0.21  0.00       0.20 

0.95       0.25       0.27  0.02  0.00       0.25 

0.82       0.26       0  26  0.11  0.00       0.15 

3  20        130  0.58  0.10       0.62 


Class  of  Coke 
Gas-house 
Illinois  by-product 
Pennsylvania  by-product 
Pennsylvania  by-product 
Beehive 
Vertical  retort 


Comparison  of  the  figures  in  the  second  and  third  columns 
gives  an  indication  of  the  accuracy  of  the  method.  The  sec- 
ond column  shows  the  percentage  of  sulfur  as  ferrous  sulfide 
in  the  coke  under  reducing  conditions,  obtained  by  measuring 
the  ferrous  sulfide  line  of  the  phase  rule  curve,  which  has 
been  referred  to  earlier.  Tliis  is  an  absolute  measure  of  the 
ferrous  sulfide  content  under  the  given  conditions,  and 
serves  as  the  standard  by  which  the  accuracy  of  the  method 
may  be  judged.  The  third  column  gives  the  ferrous  sulfide 
content  obtained  by  chemical  analysis  after  the  coke  had  been' 
reduced:  the  next  two  columns  give  the  ferrous  sulfide  and 
sulfates  in  the  original  coke,  as  determined  by  analysis; 
while  the  final  column  gives  the  free-sulfur  content  of  the 
original  coke,  calculated  by  subtracting  the  ferrous  sulfide 
and  the  sulfate  sulfur  of  the  original  coke  from  the  ferrous 
sulfide  sulfur  after  reduction  of  the  coke. 

These  results  show  that  the  method  is  reliable  and  can  be 
depended  upon  for  the  determination  of  the  free-sulfur  con- 
tent of  coke.  This  method  has  been  used  in  several  investi- 
gations since  its  development,  and  the  whole  trend  of  the  re- 
sults has  shown  that  it  is  a  convenient  and  accurate  analytical 
process. 

It  has  been  mentioned  that  coke  made  by  fast  heating  con- 
tains free  adsorbed  sulfur  even  in  the  reduced  state.  Cokes 
of  this  type  are  seldom  encountered  in  industrial  practice, 
but  are  confined  mainly  to  cokes  made  in  small  batches  in 
the  laboratory.  In  one  of  our  investigations,  however,  a 
gas-retort  coke  was  found  which  gave  very  irregular  results 
when  analyzed  by  the  foregoing  method  for  free  sulfur.  In- 
vestigation showed  that  tliis  coke  contained  free  sulfur  in 
the  reduced  state — in  other  words,  more  free  sulfur  than  the 


iron  present  in  the  coke  could  combine  with  to  form  ferrous 
sulfide. 

Special  treatment  of  this  coke  during  the  reduction  with 
hydrogen  was  therefore  necessary  in  order  to  convert  all  the 
free  sulfur  into  sulfide  sulfur.  This  was  very  readily  accom- 
plished by  mixing  a  small  amount  of  calcium  oxide  with  the 
coke  before  introduction  into  the  reducing  tube,  thus  furnish- 
ing the  necessary  material  to  convert  all  the  free  sulfur  into 
sulfide  sulfur.  For  the  purpose  of  the  analysis  it  did  not  mat- 
ter into  what  sulfide  the  free  sulfur  was  converted,  because 
the  subsequent  treatment  with  hydrochloric  acid  released  the 
sulfur  as  hydrogen  sulfide.  The  results  obtained  with  this 
modification  were  very  consistent  and  satisfactory. 

Complete  Analysis  of  Sulfur  Forms  in  Coke 

After  the  total  sulfur  has  been  determined  by  any  one  of 
several  well-known  methods,  two  samples  of  the  coke,  which 
has  been  crushed  to  at  least  35-mesh  size,  are  weighed  out. 
These  should  preferably  be  2-gram  samples,  although  in  the 
case  of  high-sulfur  coke  1  gram  may  be  sufficient. 

One  of  these  samples  is  placed  in  a  200-cc.  Erlenmeyer 
flask,  and  25  cc.  of  water  are  added.  This  flask  is  connected 
with  a  test  tube  containing  10  cc.  of  ammoniacal  cadmium 
chloride  solution,  in  such  a  manner  that  any  gas  coming  out 
of  the  flask  wiU  bubble  through  the  cadmium  chloride  solu- 
tion. Hydrogen  is  then  passed  through  the  flask  in  order  to 
sweep  out  any  air,  and  then  25  cc.  of  concentrated  hydrochloric 
acid  are  added  to  the  flask,  which  is  gently  heated  until  all 
the  hydrogen  sulfide  has  passed  over  into  the  adsorption  tube 
and  is  then  disconnected.  The  solution  with  the  yellow  pre- 
cipitate in  the  tube  is  washed  out,  diluted  with  300  cc.  of  water, 
acidified,  and  then  titrated  with  standard  iodine  solution. 
The  sulfur  so  determined  represents  the  ferrous  sulfide 
content  of  the  original  coke. 

The  contents  of  the  Erlenmeyer  flask  are  filtered,  the  filtrate 
is  made  slightly  ammoniacal,  and  then  brought  back  to  a 
slightly  acid  condition  with  a  few  drops  of  hydrochloric  acid. 
The  sulfate  is  precipitated  by  barium  chloride  in  the  usual 
manner,  and  the  subsequent  analysis  indicates  the  sulfate 
content  of  the  original  coke.  This  is  always  very  small 
and  in  a  great  many  cases  is  a  mere  trace.  Separation  of  the 
iron  from  the  solution  before  the  precipitation  of  the  barium 
sulfate  is  not  necessary. 

The  other  sample  of  coke  is  placed  in  a  small  porcelain 
boat,  and  this  is  inserted  into  a  silica  tube  in  a  heating  furnace. 
While  the  furnace  is  stiU  cold,  the  tube  is  thorouglily  swept 
with  hydrogen  and  then  closed  at  the  outlet  end.  A  slight 
pressure  of  hydrogen  is  kept  in  the  tube,  most  conveniently 
by  a  T  connection,  which  releases  the  excess  hydrogen  from 
the  cylinder  through  a  tube  leading  down  through  a  few 
inches  of  water.  The  furnace  is  heated  to  a  fuU  red  heat, 
and  then  the  tube  is  allowed  to  cool  to  not  more  than  100°  C. 
The  boat  is  removed  from  the  tube,  and  the  contents  are 
placed  in  an  Erlenmeyer  flask  and  treated  in  exactly  the  same 
manner  as  was  the  sample  for  the  ferrous  sulfide  determiQa- 
tion.  The  sulfur  so  determined  represents  the  sum  of  the 
ferrous  sulfide,  sulfate,  and  free  sulfur.  The  free-sulfur  con- 
tent of  the  original  coke  can  be  calculated  by  subtracting  from 
this  figure  the  ferrous  sulfide  and  sulfate  sulfur,  which  have 
been  previously  determined.  In  the  operation  of  the  reduc- 
tion furnace  used  for  this  determination  due  care  should  be 
taken  to  prevent  any  hydrogen  explosion. 

In  case  the  coke  under  examination  is  suspected  of  con- 
taining free  sulfur  above  the  amount  with  which  the  iron  can 
combine,  a  duplicate  run  should  be  made  for  free  sulfur. 
In  this  case  about  0.2  gram  of  pure  calcium  oxide  should  be 
mixed  wth  the  powdered  coke  before  it  is  placed  in  the 
combustion  boat.     Anv  difference  between  this  determina- 
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tion  and  the  one  made  in  the  normal  manner  would  show  the 
amount  of  free  sulfur  in  the  coke  above  the  amount  necessary 
to  combine  with  the  iron.  Such  cases  will  arise  only  where 
the  coke  has  been  made  by  fast  heating,  such  as  coke  made  in 
the  laboratory  or  in  small  retorts  with  very  hot  walls.  Of 
course,  if  no  differentiation  is  desired  between  the  free  sulfur 
which  will  combine  with  the  iron  of  the  coke  and  any  e.xcess 
free  sulfur  which  may  be  present,  the  lime  may  be  added  in 
all  cases.  However,  it  is  desirable  to  determine  these  sepa- 
rately, since  free  sulfur  above  that  which  wUl  combine  with  the 
iron  of  the  coke  will  have  a  much  greater  contaminating  in- 
fluence on  the  iron  in  the  blast  furnace  or  cupola. 


After  the  foregoing  determinations  have  been  made,  the 
ferrous  sulfide,  sulfate,  and  free-sulfur  content  of  the  coke 
will  be  known.  By  subtracting  the  sum  of  these,  in  terms  of 
per  cent  of  sulfur,  from  the  total  sulfur  in  the  coke,  the  per- 
centage of  solid-solution  sulfur  wiU  be  kno^vn,  and  the  analysis 
win  be  complete. 
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Determination  of  Total  Sulfur  in  Rubber  Goods  ' 


By  S.  Collier,  Michael  Levin,  and  R.  T.  Mease 
Bdreau  of  Standards,  Washington,  D.  C. 


THE  method  for  the 
determination  of 
total  sulfur  in  rub- 
ber goods,  which  was  de- 
vised by  Waters  and  Tut- 
tle.'  has  been  used  in  the 
laboratory  of  the  Bureau  of 
Standards  for  a  number  of 
years. 

In  this  method  0.5  gram 
of  rubber  is  treated  with 
20  cc.  of  concentrated  nitric 
acid  saturated  with  bro- 
mine. After  digesting  for 
one  hour  in  the  cold  and 
one  hour  on  the  steam  bath, 
the  excess  of  acid  is  evapo- 
rated off.  To  the  residue 
are  then  added  5  grams  of  a 
mixture  of  equal  parts  of 


The  Bureau  of  Standards  method,  by  Waters  and  Tuttle.  for 
the  determination  of  sulfur  in  rubber  goods  has  been  modified  as 
follows:  Fifteen  cubic  centimeters  of  nitric  acid-bromine  mixture 
added  to  the  sample  and  evaporated  to  dryness.  Three  cubic  centi- 
meters of  nitric  acid  and  5  grams  of  sodium  carbonate  are  added 
and  the  resulting  mixture  is  dried  and  fused.  The  fused  mass  is 
lixioiated  with  water,  filtered,  the  filtrate  acidified  with  hydro- 
chloric acid,  and  diluted  to  300  cc.  and  the  sulfur  determined  in 
the  usual  manner. 

The  amounts  of  occlusion,  when  the  methods  of  the  Bureau  of 
Standards  and  of  Kratz,  Flower,  and  Coolidge  are  used,  were  de- 
termined by  precipitating  barium  sulfate  from  solutions  containing 
the  equivalent  amount  of  salts  usually  present,  and  varying  amounts 
of  pure  sodium  sulfate.  The  results  show  that  the  amount  of  oc- 
cluded salts  must  be  corrected  for  in  accurate  worl^. 

The  sulfur  in  several  compounds,  containing  litharge  and  barytes, 
was  determined  by  both  methods.  After  correction  for  occlusion, 
the  results  obtained  by  either  method  are  practically  the  same  and 
sufficiently  accurate. 


anhydrous  sodium  carbo- 
nate and  potassium  nitrate  and  enough  water  to  make  a 
pasty  mass,  which  is  spread  on  the  sides  of  the  crucible 
and  dried  on  the  steam  bath.  The  crucible  and  con- 
tents are  then  heated  over  a  sulfur-free  flame  unto  all  car- 
bonaceous matter  is  burned.  The  melt  is  cooled,  lixiviated 
vrith  water,  the  solution  filtered,  acidified  with  hydrochloric 
acid,  and  the  sulfuric  acid  precipitated  by  the  addition  of 
barium  chloride  solution. 

Recently,  some  work^  was  done  to  revise  this  method  in 
order  to  save  time  without  diminishing  its  accuracy.  Tliis 
work  was  based  on  the  determination  of  sulfur  in  oUs  by 
Waters.^  In  the  method  as  finally  adopted  5  cc.  of  nitric 
acid-bromine  mixture  and  5  drops  of  bromine  were  used. 
After  heating  on  the  steam  bath  the  excess  acid  was  neutral- 
ized with  sodium  carbonate,  thus  avoiding  the  evaporation 
of  the  nitric  acid  and  the  use  of  a  fusion  mixture  of  potassium 
nitrate  and  sodium  carbonate.  Also  the  time  for  lixiviation 
was  shortened  and  the  final  volume  of  the  solution  decreased. 
In  addition,  some  work  was  done  on  the  amount  of  occluded 
salts,  because  the  work  by  Allen  and  Jolmston,^  Johnston 
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and  Adams,'  and  Waters' 
clearly  showed  that  the 
amount  of  salts  occluded  by 
the  barium  sulfate  precipi- 
tate should  be  taken  into 
consideration,  if  accurate 
results  are  to  be  obtained. 
Subsequently,  in  the  use 
of  this  shortened  method, 
it  was  found  that  some 
samples  were  so  violently 
attacked  by  the  nitric 
acid-bromine  mixture  that 
inaccurate  results  were 
obtained.  The  amount  of 
acid  left  to  be  neutralized 
varied  also,  so  that  the  re- 
sulting fusion  mixture  was 
not  always  of  the  same 
composition.       It  was  de- 


cided that  more  work  should 
be  done  to  determine  how  little  nitric  acid-bromine  mixture 
will  suffice  for  all  types  of  compounds. 

Shortly  after  this  work  was  started,  the  Committee  on 
Methods  of  Analysis  of  the  Rubber  Division  of  the  American 
Chemical  Society'  tentatively  accepted  as  standard  the 
methods  of  the  Bureau  of  Standards  and  of  Kratz,  Flower, 
and  Coohdge.  It  was  decided  to  obtain  some  data  on  these 
methods  and  the  amounts  of  occlusion,  before  finally  adopt- 
ing them,  in  order  to  eliminate  doubt  as  to  their  value. 

The  work  was  divided  into  the  following  parts :  the  study 
of  the  efifect  of  varjdng  the  amounts  of  nitric  acid-bromine 
mixture;  the  determination  of  the  degree  of  occlusion  to  be 
expected  in  the  two  methods;  and  the  comparison  of  results 
obtained  by  both  methods. 

Effect  of  Different  Amounts  of  Nitric  Acid-Bromine 
Mixture 

The  following  method  was  used  in  this  work,  except  that 
the  amount  of  nitric  acid-bromine  mixture  was  varied: 

Place  0.5  gram  of  rubber  in  a  porcelain  crucible  of  about 
75-cc.  capacity,  add  20  cc.  of  the  nitric  acid-bromine  mix- 
ture, cover  the  crucible  with  a  watch  glass,  and  let  it  stand  for 
one  hour  in  the  cold.  Heat  for  an  hour  on  the  steam  bath, 
remove  the  cover,  rinse  it  with  a  little  distilled  water,  and 
evaporate  the  solution  to  dryness.    Add  3  cc.  of  nitric  acid, 

'  J.  Am.  Chem.  Soc.  33,  829  (1911). 
«  This  Journai,,  14,   560  (1922). 


954 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  9 


cover,  warm  a  short  time  on  the  steam  bath,  then  let  it  cool. 
Carefully  add  in  small  portions,  bj'  means  of  a  glass  spatula, 
5  grams  of  sodium  carbonate  (weighed  to  0.5  gram).  Raise 
the  watch  glass  only  high  enough  to  permit  the  introduction 
of  the  spatula.  Allow  the  carbonate  to  slide  down  the  side 
of  the  crucible  and  not  drop  directly  into  the  acid.  Rinse 
the  watch  glass  with  2  or  3  cc.  of  hot  distilled  water,  and  stir 
the  mi.xture  thorougUy  with  a  glass  rod.  Digest  for  a  few 
minutes,  spread  the  mixture  half  way  up  the  side  of  the  cru- 
cible to  facilitate  drying,  and  dry  on  a  steam  bath.  Fuse 
the  mixture  by  heating  over  a  sulfur-free  gasoline  flame, 
as  follows:  Place  the  crucible  in  an  inclined  position  on  a 
wire  triangle  and  start  the  ignition  over  a  low  flame.  The 
tendency  for  the  rubber  to  burn  too  briskly  is  controlled  by 
judicious  use  of  the  stirring  rod  with  which  the  burning 
portion  is  scraped  away  from  the  rest.  When  part  of  the  mass 
is  burned  white,  work  a  fresh  portion  into  it,  and  so  on  until 
all  the  organic  matter  is  destroyed.  It  is  necessary  to  hold  the 
edge  of  the  crucible  with  tongs.  Toward  the  last  half  of  the 
operation  the  flame  should  be  increased  somewhat,  but  it  is 
never  necessary  to  heat  the  crucible  to  redness.  With  care 
a  crucible  can  be  used  for  at  least  10  or  12  fusions. 


Table  I — Effect  op  Varying  Amounts  of  Nitric  Acid- Bromine  Mix- 

TURE 

on  Percentage  of  Sulfur 

5  Cc.  +  2 

5  Cc.  -1-  5 

5  Cc.  +  8 

Drops  of 

Drops  of 

Drops   of 

No.  20  Cc. 

10  Cc. 

5Cc. 

Bromine 

Bromine 

Bromine 

1    8.10  7.99 

7.95  7.77 

7.81  7.42 

7.89  7.94 

7.96  8.02 

7.77  7.47 

7.95  7.94 

7.99  7.86 

7.51  7.66 

8.07  7.88 

8.06  7.93 

7.91  7.42 

8.13  7.93 

7.69  7.93 

7.33  7.S6 

8.13  7.97 

7.83  8.07 

7.14 

Av.  8.00 

•  8.00 

7.58 

2         6.03 

5.68 

5\68 

5.67 

5.70  5.66 

5.72  5.74 

5.72  5.66 

6.07 

5.89 

5.64 

5.55 

5.68  6.19 

5.73  5.60 

5.61  6.14 

6.10 

5.88 

5.66 

5.62 

5.70  6.12 

5.56  5.59 

5.71  6.04 

5.72 

5.72 

5.66  6.08 

5.77  5.14 

5.68  6.12 

5.48 

5.69      .. 

5.89     .. 

5.80     .. 

Av.  6.07 

5.82 

5 

64 

5.85 

5.63 

5.85 

3    7.75  7.85 

7.88  7.64 

7.86  7.95 

7.69  7.78 

7.77  7.93 

7.86  7.90 

7.66  7.73 

7.86  7.76 

7.88  7.80 

7.64  7.66 

7.92  7.69 

7.59  7.66 

7.81  7.69 

7.66  7.58 

7.80  7.69 

7.52      .. 

Av.   7.80 

7.71 

4    9.47  9.62 

9.61  9.53 

9.58  9.60 

9.64  9.37 

9.48  9.62 

9.47  9.53 

9.56  9.45 

9.56  9.61 

9.62  9.64 

9.39  9.46 

9.60  9.55 

9.37  9.35 

9.62  9.75 

9.51  9.51 

9.45  9.67 

9.41  9.3S 

Av.  9.60 

9.49 

After  the  fusion,  allow  the  crucible  to  cool,  place  it  in  a 
400-cc.  beaker,  add  sulEcient  distilled  water  to  cover  the 
crucible  (about  125  cc),  and  digest  on  the  steam  bath  for 
2  hours,  with  occasional  stirring.  If  the  filtration  cannot  be 
made  in  the  same  day,  do  not  add  the  water,  but  allow  the 
melt  to  stand  over  night  to  prevent  the  reversion  to  sulfate 
of  any  barium  carbonate  formed  during  the  ignition. 

Filter  the  solution  into  a  covered  40-cc.  beaker  contain- 
ing 5  cc.  of  concentrated  hj'drochloric  acid,  and  wash  the 
residue  thorougUy  with  hot  water.  (A  qualitative  test  for 
barium  sulfate  can  be  made  on  the  residue.)  Now,  complete 
the  acidification  of  the  filtrate  and  washings  and  add  2  cc. 
of  concentrated  hydrochloric  acid  in  excess.  Cover  the 
beaker  and  heat  the  solution  on  the  steam  bath.  The  total 
volume  of  the  solution  should  not  exceed  300  cc.  The  so- 
lution must  be  acid  to  Congo  paper  in  order  to  insure  the  com- 
plete destruction  of  the  carbonates.  Precipitate  by  adding 
all  at  once  10  cc.  of  10  per  cent  barium  chloride  solution,  and 
determine  the  sulfur  in  the  usual  manner. 

This  method  was  varied  by  using  10  or  5  cc.  of  nitric  acid- 
bromine  mixture,  or  5  cc.  of  nitric  acid-bromine  mixture 


with  2,  5,  and  8  drops  of  bromine  in  place  of  the  usual  20  cc. 
nitric  acid-bromine  mixture. 

Table  I  shows  that  results  obtained  with  5  cc.  of  acid 
mixture  and  varymg  amounts  of  bromine  are  lower  than 
those  obtained  by  using  10  and  20  cc.  of  acid  mixture. 
The  table  also  shows  that  slightly  lower  results  are  usually 
obtained  with  10  cc.  of  acid  as  compared  with  20  cc,  although 
the  differences  would  fall  within  the  usual  range  of  experi- 
mental error. 

More  data  were  then  obtained  on  two  additional  compounds 
by  the  use  of  10,  15,  and  20  cc.  of  nitric  acid-bromine  mix- 
ture. Compound  A  contained  4.3  per  cent  of  free  sulfur, 
and  Compound  B  contained  8.5  per  cent  of  antunony  as 
sulfide  and  3.8  per  cent  of  free  sulfur.  The  results  given  in 
Table  II  indicate  that  at  least  15  cc.  of  nitric  acid-bromine 
mixture  were  necessary.  However,  when  compounds  like 
those  above  are  used,  it  is  necessary  to  permit  the  oxidation 
process  to  go  slowly. 


4BLE   II- 

— Fu 

RTHER  Data  on  Effect  op  Niti 
TUREs  ON  Percentage  of  Su 

tic  Acid-Bromine  Mix- 

LFUR 

Compound 

10  Cc. 

15  Cc. 

20  Cc. 

A 

9.48       9.36 
9.61       9.19 
9.59       9.44 
9.72       9.60 

9.81       9.68 
9.87       9.50 
9.86       9.71 
9.89       9.62 

9.91       9.75 
9.84       9.78 
9.87       9.75 
9.87       9.75 

Av. 

9.50 

9.75 

9.82 

B 

11.12     11.14 
11.15     10.92 
11.10     10.91 
11.06     10.92 

11.18     11.21 
11.15     11.10 
11.12     11.01 
11.09     11.21 

11.21      11.17 
11.32     11.14 
11.37     11.14 
11.40     11.18 

Determination  of  Occlusion 

The  degree  of  occlusion  depends  upon  the  nature  and  con- 
centration of  the  salts  in  solution,  on  the  acidity,  and  on 
the  rate  of  the  precipitation  of  the  barium  sulfate.  As 
previously  stated,  the  following  work  was  based  on  that  by 
Allen  and  Johnston  and  Johnston  and  Adams,  who  suggest, 
as  a  convenient  way  to  obtain  the  correction  for  occlusion, 
the  precipitation  of  barium  sulfate  from  solutions  containing 
known  amounts  of  soluble  salts  and  free  acid,  to  which 
have  been  added  definite  weights  of  sodium  sulfate  dried  at 
200°  C.  for  2  hours.  The  differences  between  the  weights 
of  barium  sulfate  found  and  those  calculated  from  the  amount 
of  sodium  sulfate  are  the  corrections. 

The  corrections  for  occlusion  were  determined  by  using 
varying  amounts  of  a  standard  solution  of  sodium  sulfate 
equivalent  to  the  percentages  of  sulfur  encountered  in  rubber 
analysis.  The  purity  of  the  salt  was  determined  by  diluting 
and  acidifying  5  cc.  of  the  standard  solution  equivalent  to 
0.0821  gram  of  barium  sulfate,  and  precipitating  the  barium 
sulfate  in  the  usual  manner.  The  amount  of  barium  sul- 
fate found  was  0.2  mg.  greater  than  the  theoretical  amount. 

Bureau  of  Standards  Method — To  a  solution  of  5 
grams  of  sodium  carbonate,  3  cc.  of  concentrated  nitric  acid 
were  added,  so  as  to  have  in  the  solution  approximately 
the  amount  of  nitrate  left  after  an  actual  fusion.  The  re- 
maioing  sodium  carbonate  was  neutralized  with  concentrated 
hydrochloric  acid  and  2  cc  were  added  in  excess.  The 
barium  sulfate  was  precipitated  and  determined  in  the  usual 
manner. 

The  weights  of  barium  sulfate  were  corrected  for  sulfate 
found  by  blank  tests  on  the  reagents,  which  usually  amounted 
to  0.3  to  0.6  mg.  of  barium  sulfate.  The  differences  between 
the  weights  of  barium  sulfate  found  and  the  theoretical 
amounts  represent  the  desired  corrections  for  occlusion, 
which  are  given  in  Table  III.  If  the  found  and  theoretical 
weights  of  barium  sulfate  are  plotted,  an  approximately 
straight  Une  is  obtained. 

Kratz,  Flower,  and  Coolidge  Method — The  method 
by  Kratz,  Flower,  and  Coolidge'  given  below  was  used,  ex- 


September,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


955 


cept  that  the  rubber  sample  was  left  out  and  the  desired 
amount  of  sodium  sulfate  solution  was  added  to  the  filtrate 
just  before  the  sulfur  was  precipitated. 

Place  a  0.5  gram  sample  in  a  500-cc.  Erlenmeyer  destruc- 
tion fiask  (PjTBx  glass).  Add  10  cc.  of  zinc  nitrate-nitric 
acid  solution  prepared  by  dissolving  200  grams  of  zinc  oxide 
in  1  liter  of  concentrated  nitric  acid,  and  whirl  the  flask 
rapidly  to  moisten  the  sample  thorouglily.  If  convenient, 
this  mixture  may  be  allowed  to  stand  over  night.  By  so 
doing  the  sample  becomes  partly  decomposed;  this  permits 
the  addition  of  fuming  nitric  acid  with  no  danger  of  ignition 
of  the  sample.  Add  15  cc.  of  fuming  nitric  acid,  and  whirl 
the  flask  rapidly  to  keep  the  sample  immersed  and  so  avoid 
ignition  by  too  rapid  oxidation.  With  some  samples  it 
wiU  be  found  necessary  to  cool  the  flask  under  a  stream  of 
tap  water. 

When  the  solution  of  the  rubber  is  complete,  add  5  cc. 
of  a  saturated  water  solution  of  bromine,  and  slowly  evaporate 
the  mixture  to  a  foamy  sirup.  (For  the  determination  of 
total  sulfur  in  unvulcanized  mixtures,  use  3  cc.  of  bromine 
in  place  of  bromine  water.) 

If  particles  of  organic  matter  remain  at  the  end  of  the 
evaporation,  add  a  few  cubic  centimeters  of  fuming  nitric 
acid  and  reevaporate  as  before.  Cool,  and  add  a  few  crys- 
tals of  potassium  chlorate  to  assist  in  the  o.xidation  of  the 
sulfur  and  the  decomposition  of  any  nitrates. 

Place  the  flask  on  asbestos  gauze  and  evaporate  the  mixture 
to  dryness  over  a  TirriU  burner.  Then  bake  the  mixture  at 
the  highest  temperature  of  the  burner  until  all  nitrates  are 
decomposed  and  no  more  nitrogen  peroxide  fumes  can  be 
detected.  (Care  should  be  taken  to  insure  uniform  pene- 
tration of  the  heat  throughout  the  contents  of  the  flask  and 
to  remove  the  flask  as  soon  as  the  baking  is  complete.)  When 
the  baking  is  complete,  cool  the  flask,  add  50  cc.  of  (1:6) 
hydrochloric  acid,  and  heat  until  solution  is  complete.  In 
case  the  original  mi.xture  contains  barytes  it  will  remain  be- 
hind at  this  point.  If  there  was  any  barium  carbonate  in 
the  rubber  compound  it  wiU  be  converted  into  the  sulfate 
and  the  value  for  the  total  sulfur  will  be  correspondingly 
low.  If  litharge  is  present  in  the  mixture,  lead  salts,  not 
otherwise  removed,  will  be  eliminated  in  the  final  washing 
with  boiling  water.  Filter  the  solution,  dilute  to  300  cc, 
heat  on  the  steam  bath,  add  all  at  once  10  cc.  of  10  per  cent 
barium  chloride  solution,  and  complete  the  determination 
of  the  sulfur  in  the  usual  manner. 


From  the  results  given  in  Table  III,  the  following  conclu- 
sions may  be  drawn: 

The  total  sulfur,  when  determined  by  either  method,  should 
be  corrected  for  the  occluded  salts. 

The  percentage  of  occlusion  is  greater  for  small  amounts 
of  sulfur  when  the  Kratz,  Flower,  and  Coolidge  method  is 
used.  However,  the  results  show  that  for  all  practical  pur- 
poses there  is  not  much  difference  in  the  amount  of  occlusion 
found  by  the  two  methods. 

Table  IV — Comparison  of  Two  Methods 

. Per  cent  Sulfur , 

Bureau  of  Standards       Kratz,  Flower,  and  Coolidge 
Theoretical  4.35  4.33  4.19  4.13 

Found  o  4.33  4.27  4.24  4.14 

o  Each  value  given  in  this  table  represents  an  average  of  four  deter- 
minations in  which  the  maximum  deviation  was  0.05  per  cent. 

Table  V — Results  Obtained  on  Two  Vulcanized  Compounds 


No 


Approximate 

Compound 

Per  cent 


CENT  Sulfur,  Corrected  for  Occlusion 

;au  of  Standards  Kratz,  Flower,  and  Coolidge 

1        Rubber        84.5  1 

Sulfur  7 . 0  [ 

Litharge        8.5) 

2a     Rubber        32.0  1 

Barytes        61 .0     2.  54  2.38  2.  54  2.52         2.50  2.56  2.59  2.44 
Sulfur  2.5  f 2. 37  2.54  2.46     ..  2.42  2.45  2.42     .. 

Litharge        4.5  J 
a  Percentage  of  sulfur,  exclusive  of  sulfur  as  barytes. 


Comparison  of  Results  Obtained  by  Two  Methods 

The  sulfur  of  various  compounds  containing  litharge  and 
barytes  was  determined  by  the  Bureau  of  Standards  and  the 
Kratz,  Flower,  and  Coolidge  methods,  for  it  seemed  that 
these  compounds  would  be  the  most  difficult  ones  encountered. 
The  sulfur  was  fu-st  determined  on  an  uncompounded  mix- 
ture containing  approximately  81  per  cent  of  rubber,  15  per 
cent  of  litharge,  and  4  per  cent  of  sulfur.  The  sulfur  was 
added  in  the  form  of  sodium  sulfate.  Blank  determinations 
were  also  made  on  the  ingredients.  The  results,  given  in 
Table  IV,  show  that  the  Bureau  of  Standards  method  tends 
to  give  slightly  low  values,  and  the  Kratz,  Flower,  and 
Coolidge  method  slightly  high  values  compared  with  the 
theoretical,  although  the  errors  are  so  small  that  both  methods 
may  be  said  to  give  accurate  results.  Confirmation  of  this 
statement  is  afforded  by  the  results  obtained  on  two  vul- 
canized compounds  (Table  V). 


Table  III — Corrections  for  Occlusion, 


Average  Occlu 
Sulfur 
Present 


y Sulfur  Found- 
Theoretical          Min.  Max. 

Bureau  of  Standards  Method 

2.25  2.26  2.40  2.32  3.1  0.07 

9.02  9.18  9.43  9.27  2.7  .25 

13.52  13.66  13.97         13.87  2.6  .35 

17.66  ...  ...  17.96  1.5  .30 

Kratz,  Flower,  and  Coolidge  Method 

2.25  2.33  2.43  2.39  6.1  0.14 

9.02  9.15  9.26  9.22  2.2  .20 

13.52  13.68  13.78         13.75  1.7  .23 

The  weights  of  barium  sulfate  were  corrected  for  sulfates 
found  by  blank  tests  on  the  reagents,  which  usually  amounted 
to  2.5  to  4.5  mg.  of  barium  sulfate.  The  differences  between 
the  weights  of  barium  sulfate  found  and  the  theoretical 
amounts  represent  the  desired  corrections  for  occlusion, 
which  are  given  in  Table  III.  If  the  found  and  theoreticals 
weight  of  barium  sulfate  are  plotted,  an  approximately 
straight  line  is  obtained. 

Each  of  the  values  in  Table  III  represents  the  average  of 
several  determinations.  The  variation  between  the  in- 
dividual results  usually  checked  within  0.2  mg.  of  barium 
sulfate. 

•India   Rubber  World,  6,  356  (1920). 


Industrial  Outlook  Optimistic 

The  Industrial  Employment  Information  Bulletin  of  the  De- 
partment of  Labor  for  August  20,  1923,  shows  a  big  upward 
swing  in  employment  conditions  for  July,  1923,  over  July,  1922. 
The  increases  in  percentage  in  thirteen  of  the  basic  industries  on 
July  31,  1923,  over  July  31,  1922,  are  as  follows: 

Railroad  repair  shops 60 . 6 

Beverages 49 . 7 

Iron  and  steel  and  their  products 25.7 

Stone,  clay,  and  glass  products 25 . 5 

Chemicals  and  allied  products 18.6 

Miscellaneous  industries 18 .  02 

Vehicles  for  land  transportation 17.6 

Textiles  and  their  products 15.5 

Metal  and  metal  products  other  than  iron  and  steel 10.2 

Lumber  and  its  manufacture 9.7 

Leather  and  its  finished  products 8.1 

Paper  and  printing 6.9 

Food  and  kindred  products 3.7 

This  analysis  is  based  on  information  gathered  each  month  by 
the  special  agents  of  the  Department  of  Commerce  in  sixty-five 
industrial  centers,  and  would  seem  to  indicate  that  we  are  back 
to  a  sound  and  firm  foundation  that  is  wholesome  and  basically 
healthy. 
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A  Practical  Solution  of  the  Problem  of  Dewatering  Activated 

Sludge' 


By  J.  A.  Wilson,  W.  R.  Copeland,  and  H.  M.  Heisig 

Sewerage  Testing  Station,  Milwaukee,  Wis. 


THE  present  investi- 
gation is  part  of  a 
larger  work  under- 
taken for  the  purpose  of 
increasing  the  efficiency  of 
operation  of  the  activated 
sludge  process  by  bringing 
about  a  clearer  understand- 
ing of  its  fundamental 
mechanism.  Some  phases 
of  this  work  have  been  re- 
ported in  earlier  papers.^'' 
In  this  process  the  raw  sew- 
age, after  being  screened, 
is  passed  into  aeration  tanks 
containing  activated  sludge 
and  sewage  through  which 
air  is  forced  in  streams  of 
tiny  bubbles.  This  is  ac- 
complished by  having  the  bottoms  of  the  tanks  fitted  with 
rUtros  plates,  through  which  the  air  is  forced.  As  the 
particles  of  sludge  are  knocked  about  by  the  air,  they  occlude 
bacteria  and  suspended  matter  from  the  incoming  sewage. 
The  mixture  travels  the  length  of  the  aeration  tanks  and 
finally  enters  a  thickener,  where  the  clear  water,  freed  from 
more  than  95  per  cent  of  the  bacteria  and  suspended  matter 
from  the  original  sewage,  is  decanted  from  the  sludge  and 
allowed  to  flow  into  the  lake.  The  concentrated  sludge, 
augmented  by  the  bacteria  and  suspended  matter  from 
the  sewage,  is  drawn  out  from  the  bottom  and  divided, 
part  being  returned  for  mixing  with  the  incoming  raw 
sewage  and  the  rest  being  sent  to  be  dewatered  so  that  it 
may  be  shipped  away  as  fertilizer.  The  dewatering  oper- 
ation is  divided  into  two  parts — filter-pressing  to  reduce  the 
water  content  of  the  sludge  from  about  98  per  cent  to  less 
than  80  per  cent,  and  then  reducing  the  water  content  further, 
to  about  10  per  cent,  by  the  application  of  heat  in  a  drier. 
The  waste  sludge  obtained  in  the  summer  time  parts  with 
its  water  easOj'  and  has  never  presented  any  serious  diffi- 
culty in  filter-pressing.  In  the  winter  time  the  sludge  ob- 
tained is  of  a  very  different  character,  clinging  tenaciously 
to  its  water  and  resisting  filter-pressing.  The  condition  of 
the  sludge  for  dewatering  by  means  of  filtration  passes  through 
a  yearly  cycle;  in  February  it  is  most  difficult  to  filter,  but 
as  the  weather  gets  warmer  it  filters  more  and  more  easily 
until  September,  when  it  is  at  its  best.  From  September  to 
February  the  sludge  filters  with  increasing  difficulty.  Under 
fixed  conditions,  it  takes  about  twenty  times  as  long  to 
filter  a  given  quantity  of  sludge  in  February  as  it  does  in  Sep- 
tember. The  sludge  produced  in  cold  weather  quickly  be- 
comes septic  and  its  solid  contents  dispersed  to  such  a  degree 
as  to  clog  and  blind  the  filter  cloths. 

Relative  Filtering  Efficiency 

The  laboratorj'  equipment  used  to  study  the  effect  of  change 
of  each  of  the  several  variable  factors  upon  the  condition  of 

>  Presented  before  the  Division  of  Water,  Sewage,  and  Sanitation 
Chemistry  at  the  65th  Meeting  of  the  American  Chemical  Society,  New 
Haven,   Conn.,   April   2  to   7.    1923. 

«Tras  JouRNAi,,  IS,  406  (1921);  14,   128  (1922). 

tj.   Am.    Water   Works  Assoc,  8,   486   (1921). 


The  actioaled  sludge  process  of  sewage  disposal  was  adopted  by 
Milwaukee  because  the  effluent  is  run  directly  into  Lake  Michigan, 
the  source  of  its  drinking  water,  and  must,  therefore,  be  purified 
to  the  highest  degree  attainable.  The  plant  is  designed  to  treat 
85,000.000  gallons  of  sewage  daily,  from  which  1.275.000  gallons 
of  sludge,  containing  98  per  cent  of  water,  are  obtained.  Although 
this  process  furnishes  an  effluent  of  the  desired  purity  at  all  times 
of  the  year,  it  possessed  one  weak  point  at  the  time  of  its  adoption — 
namely,  the  extreme  difficulty  of  dewatering  the  waste  sludge  during 
the  winter  season.  Chemical  investigations  carried  out  at  the 
Milwaukee  station  ooer  a  period  of  several  years  have  led  to  a  success- 
ful solution  of  the  problem  of  dewatering  winter  sludge.  It  was 
found  that  relatively  enormous  increases  in  efficiency  of  filter-pressing 
the  sludge  can  be  obtained  by  properly  adjusting  the  temperature 
and  pH  value  of  the  sludge  and  the  amount  of  solid  matter  delivered 
per  unit  of  filter  area,  and  by  adding  aluminium  sulfate  followed 
by  a  corresponding  adjustment  of  pH  value. 


sludge  for  filtering  consists 
of  a  battery  of  Biichner 
funnels  set  in  filter  flasks, 
all  connected  to  one  pump 
furnishing  a  high  vacuum. 
When  the  sludge  in  the 
plant  was  in  such  condition 
that  dewatering  by  means 
of  a  vacuum  filter,  under 
fixed  conditions,  was  only 
just  satisfactory,  500  cc.  of 
the  sludge  diluted  to  con- 
tain 1  per  cent  of  solid 
matter  would  filter  through 
a  standard  laboratory  filter 
in  just  20  minutes.  This 
made  it  convenient  to  de- 
fine the  relative  filtering  effi- 


ciency of  a  given  sample  of 
sludge  as  2000  divided  by  the  number  of  minutes  required 
to  filter  500  cc.  of  1  per  cent  sludge  through  a  standard 
laboratory  filter.  Changing  the  size  of  the  Biichner  funnels 
or  the  kind  of  filter  paper  employed  merely  changes  the  con- 
stant in  the  equation  of  proportionality  between  the  small 
tests  and  the  large-scale  plant  operation.  Two  years  of  oper- 
ation of  large-scale  filter-pressings  show  that  the  efficiency 
obtained  for  any  given  type  of  sludge  is  directly  proportional 
to  the  value  defined  as  the  relative  filtering  efficiency,  pro- 
vided the  press  is  operated  under  fixed  conditions,  including 
the  delivery  of  the  same  amount  of  sludge  per  unit  of  filter 
area  in  each  pressing.  The  vacuum  filter,  designed  for  con- 
tinuous operation,  was  found  to  be  superior  to  all  other  types 
of  filter  presses  tried,  because  it  permits  the  regulation  of  the 
quantity  of  sludge  applied  to  each  unit  of  filter  area  to  cor- 
respond to  the  condition  of  the  sludge,  which  varies  widely. 

Annual  Cycle 

The  lowest  curiae  in  Fig.  1  indicates  the  seasonal  changes 
in  the  relative  efficiency  of  filter-pressing  the  untreated  waste 
sludge  from  the  Milwaukee  plant  during  the  year.  The  curves 
do  not  show  the  rather  wide  daily  fluctuations,  but  were 
plotted  from  series  of  averages  obtained  from  daily  tests  over 
a  period  of  more  than  two  years.  Only  during  a  very  short 
period,  late  in  August  and  early  in  September,  can  the  un- 
treated sludge  be  filter-pressed  in  a  reasonably  satisfactory 
maimer.  The  other  curves  show  the  seasonal  changes  in  the 
sludge  treated  in  ways  before  filtering  that  will  be  discussed 
presently. 

An  examination  of  sludge  from  the  plant  showed  that  the 
average  size  of  the  individual  particles  increases  from  Febru- 
ary to  September  and  then  decreases.  The  fact  that  the 
average  temperature  of  the  sewage  is  lowest  in  February  and 
highest  early  in  September  naturally  led  us  to  suspect  that 
the  condition  of  the  sludge  was  determined  by  the  temperature 
in  the  aeration  tanks.  Since  other  causes  had  been  suggested 
as  well  for  the  improvement  of  the  sludge  in  September,  it 
appeared  advisable  to  settle  this  point  definitely.  At  the 
suggestion  of  T.  Chalkley  Hatton,*  the  experimental  plant 

*  Chief  Engineer,  Milwaukee  Sewerage  Commission. 
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was  divided  into  two  independent  systems  at  the  beginning 
of  the  year  1922.  One  of  these  systems  was  operated  in  the 
normal   manner  and   the  other  was  operated  ^exactly  like 
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Fig.  1 
Seasonal  changes  in  the  relative   efficiency    of    fiUer-pressing    activated 
sludge  from  Milwaukee  sewage  after  treating  in  various  ways.     Sulfuric  acid 
was  used  for  acidifying  the  sludge  and  the  pH  values  noted  are  those  of  the 
filter  effluent.     Sludge  was  heated  only  after  acidifying. 

it  except  for  the  fact  that  all  the  raw  sewage  entering  it  was 
heated  to  a  temperature  of  70°  F.  The  sludge  from  the  cold 
system,  in  which  the  temperature  varied  from  43°  to  55°  F., 
was  characteristic  of  winter  sludge.  In  the  other  system, 
however,  the  quality  of  the  sludge  at  first  became  worse, 
but  after  about  two  weeks  it  began  to  improve  and  the 
average  size  of  the  particles  began  to  increase  until  early 
in  March  the  sludge  was  typical  of  the  best  ever  obtained  in 
September.  The  curves  in  Fig.  2  represent  the  relative 
filtering  efficiency  obtained  when  the  pH  value  of  the  sludge 
was  adjusted  to  3.4  with  sulfuric  acid  before  filtering. 

The  experiment  shows  clearly  that  the  higher  temperature 
assists  in  the  building  of  large  particles  of  sludge  from  the 
smaller  ones.  The  decrease  in  quality  of  sludge  during  the 
first  two  weeks  of  January  may  be  attributed  to  increased 
putrefaction  in  the  thickener  caused  by  the  higher  tempera- 
ture. As  the  condition  of  the  sludge  entering  the  thickener 
improved,  the  tendency  towards  septic  action  decreased 
correspondingly. 

Effect  of  pH  Vaij;e 

It  is  well  known  in  the  field  of  colloid  chemistry  that  the 
tendency  for  particles  of  a  dispersion  to  coalesce,  forming 
larger  ones,  is  markedly  affected  by  change  of  pH  value,  the 
greatest  tendency  towards  coalescence  occurrmg  at  the  iso- 
electric point.  This  is  also  the  point  at  which  organized 
jellies  swell  the  least  and  most  readily  part  with  then'  water 
of  imbibition.  Although  each  amphoteric  constituent  of 
the  sludge  should  be  looked  upon  as  having  an  isoelectric 
point  of  its  own,  not  necessarily  the  same  as  that  of  the 
others,  it  is  convenient  to  assume  an  isoelectric  point  of 
the  sludge  as  a  whole,  which  may  be  taken  as  that  pH  value 
at  which  the  positive  charges  on  the  sludge  just  balance  the 
negative  ones.  That  this  point  will  vary  with  the  compo- 
sition of  the  sludge  is  obvious. 

The  continuous  curve  in  Fig.  3  shows  the  effect  of  de- 
creasing the  pH  value  of  February  sludge  with  sulfuric  acid. 


Lowering  the  pH  value  to  3.4  causes  an  increase  in  relative 
filtering  efficiency  from  5  to  25.  Although  this  is  a  large 
increase,  it  is  the  greatest  possible  with  change  of  pH  value 
alone,  and  is  insufficient  to  bring  February  sludge  into 
condition  suitable  for  filter-pressing  on  a  practical  scale. 

Considering  the  heterogeneous  nature  of  the  sludge,  it  is 
remarkable  that  the  optimum  filtering  efficiency  is  obtained 
at  pH  =  3.4  the  year  round.  The  continuous  curve  in  Fig. 
1  shows  the  seasonal  changes  in  rate  of  filtration  of  standard 
samples  of  sludge  whose  pH  values  have  been  adjusted  to  3.4. 
Lowering  the  pH  value  from  about  7.5  to  3.4,  by  adding  sul- 
fimc  acid,  multiplies  the  relative  filtering  efficiency  by  an 
average  of  about  5,  regardless  of  the  initial  condition  of  the 
sludge — a  fact  of  great  practical  importance  since  it  enables 
us  to  filter-press  the  sludge  satisfactorily  from  May  to  No- 
vember simply  by  adjustiog  the  pH  value. 

As  would  be  expected,  change  of  pH  value  also  has  an  im- 
portant effect  upon  the  action  in  the  aeration  tanks.  Ordi- 
narily, the  pH  value  of  the  liquor  in  the  aeration  tanks  is  about 
the  same  as  that  of  the  blood  of  living  animals — 7.4.  It 
is  possible  that  there  is  some  relation  between  the  building 
up  and  breaking  down  of  tissues  in  the  animal  body  and  the 
actions  proceeding  in  the  aeration  tanks.  In  a  recent  lec- 
ture on  "The  Chemical  Mechanism  of  Atrophy  in  the  Animal 
Body,"'^  H.  C.  Bradley  pointed  out  that  the  stability  of  the 
body  tissues  is  decreased  when  the  oxygen  supply  is  cut  of! 
and  the  pH  value  is  allowed  to  fall  by  the  introduction  of  acid. 
Immediately  after  the  death  of  an  animal  there  is  a  fall  in 
the  pH  value  of  the  blood  from  7.4  to  values  below  7.0,  and 
the  tissues  begin  to  atrophy.  This  action  can  be  accelerated 
by  the  addition  of  acid,  although  an  excess  of  strong  acid 
retards  the  action. 

When  the  air  supply  is  cut  off  from  the  aeration  tanks,  the 
large  particles  of  sludge  immediately  begin  to  break  down. 
As  in  the  case  of  animal  tissues,  adding  just  enough  acid  to 
bring  the  pH  value  to  6.0  caused  the  sludge  particles  to 
atrophy  with  extreme  rapidity.  The  action  is  retarded  by 
adding  an  excess  of  strong  acid.    However,  if  the  pH  value 
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Fig.  -2 
Effect  of  heating  raw  sewage  during  the  winter  months  upon  the  relative 
efficiency  of  filter-pressing  the  activated  sludge  produced.      The  aeration 
tanks  were  divided  into  two  independent  systems  at  the  beginning  of  the 
year  and  all  raw  sewage  entering  one  of  them  was  heated  to  70°  F. 
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is  again  brought  to  7.4  and  the  liquor  aerated,  the  particles 
coalesce,  reforming  the  large  particles  of  the  original  liquor. 

In  aerating  sludge  at  different  pH  values,  two  points  were 
found  at  which  large  particles  were  built  from  the  smaller 
ones,  3.4  and  about  7.4.  As  the  pH  value  increased  from 
3.4,  this  action  became  less  pronounced  and  then  reversed. 
Between  pH  =  5  and  pH  =  6  the  particles  rapidly  disinte- 
grated in  spite  of  the  aeration.  Between  the  pH  values 
7  and  8  the  air  was  again  very  effective  in  building  up  large 
particles.  Below  3  and  above  8  the  air  was  without  effect. 
It  was  also  noticed  that  the  putrefaction  of  protein  matter 
in  contact  with  an  aqueous  solution  tended  to  cause  the 
pH  value  of  that  solution  to  shift  towards  the  region  5  to  6, 
regardless  of  the  initial  value. 

At  a  pH  value  of  7.4,  bubbling  oxygen  through  the  sludge 
causes  a  building  of  larger  particles,  while  pure  hydrogen 
causes  a  breaking  down.  At  pH  =  3.4,  oxygen  and  hydrogen 
both  show  some  tendency  to  cause  a  building  of  large  par- 
ticles, although  oxygen  is  the  more  effective.  When  the  ini- 
tial sludge  is  already  very  septic,  hydrogen  may  fail  to  show 
this  building  effect  at  pH  =  3.4.  Between  5  and  6  the  dis- 
integration of  the  particles  proceeds  rapidly  regardless  of  the 
presence  of  oxygen  or  hydrogen.^ 

Apparently,  a  continual  struggle  is  going  on  within  the 
sludge,  certain  bacteria  or  enzymes  present,  which  act  best 
between  the  pH  values  5  and  6,  tending  to  break  do^n  the 
sludge.  Outside  of  this  range  their  action  appears  to  be  re- 
tarded by  oxygen.  At  pH  =  3.4,  the  apparent  average  iso- 
electric point  of  the  sludge,  the  building  up  of  the  sludge 
particles  is  probably  brought  about  by  the  forces  of  cohesion. 
Whether  these  forces  alone  are  responsible  for  the  action  at 
7.4  in  the  presence  of  oxygen  may  be  questioned. 

As  the  sludge  particles  disintegrate,  they  become  more 
susceptible  to  putrefaction,  probably  because  of  the  greater 
surface  exposed  to  the  action  of  bacteria  and  enzymes.    The 

•  Compare  This  Joitrnai.,  14,  128  (1922),  Fig.  2. 
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Effect  of  rise  of  temperature  upon  the  relative  efficiency  of  filter-pressing 
February  sludge  at  optimum  pH  value,  with  and  without  the  addition  of 
aluminium  sulfate. 

filter-pressing  efficiency  is  also  decreased  because  the  smaller 
particles  tend  to  clog  the  interstices  of  the  filter  cloth. 

Effect  of  Temperature 

While  operating  the  vacuimi  filter  in  the  plant,  G.  S.  Backus 
tried  heating  sludge  to  a  temperature  of  160°  F.  after  it  had 
been  acidified  to  make  the  pH  value  3.4.  A  large  and  im- 
mediate increase  in  relative  filtering  efficiency  was  thereby 
obtained.  But  when  imtreated  sludge  was  heated,  its  rela- 
tive filtering  efficiency  rapidly  decreased.  The  effect  ob- 
tained is  evidently  a  function  of  both  temperature  and  pH 
value.  One  of  the  curves  in  Fig.  3  shows  the  effect  of  pH 
value  upon  sludge  heated  to  a  temperature  of  160°  F.  The 
greatest  beneficial  effect  is  found  at  pH  =  3.4.  The  heat  is 
without  effect  at  pH  =  5.6,  but  above  this  value  the  heat  is 
decidedly  harmful.  In  each  case  the  sludge  was  acidified 
before  the  application  of  heat.  When  the  sludge  is  heated 
at  its  normal  pH  value  of  about  7.5,  its  condition  becomes 
much  worse.  Bringing  the  pH  value  to  3.4  after  heating 
improves  its  condition,  but  not  nearly  to  the  same  extent  as 
though  it  had  been  acidified  before  heating. 

The  seasonal  changes  in  sludge  acidified  to  make  pH  = 
3.4  and  then  heated  to  160°  F.  are  indicated  by  one  of  the 
curves  in  Fig.  1.  The  combined  effects  of  acid  and  heat 
cause  the  relative  filtering  efficiency  to  be  multiplied  by  about 
25  at  all  times  of  the  year,  thus  making  it  possible  to  filter- 
press  even  February  sludge  in  a  satisfactory  maimer.  The 
cost  of  the  acid  and  heat  for  the  purpose  is  not  at  all  un- 
reasonable. 

If  the  effect  of  the  high  temperature  were  due  to  the  co- 
agulation of  albuminous  material,  we  should  expect  to  find 
a  break  in  the  temperature  curve.  The  continuous  curve 
in  Fig.  4  shows  that  no  such  break  occurs;  there  is  an  increase 
in  relative  filtering  efficiency  for  every  degree  rise  of  tempera- 
ture from  60°  to  190°  F. 
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Effect  of  Aluminium  Sulfate 

A  still  further  increase  in  relative  filtering  efficiency  can 
be  obtained  by  adding  1  pound  of  aluminium  sulfate  to  every 
50  gallons  of  waste  sludge  and  adjusting  the  pH  value  to  4.4. 
The  reason  for  the  shift  in  optimum  pH  value  to  4.4  may  be 
explained  by  the  necessity  for  the  sludge  to  carry  a  negative 
electrical  charge  in  order  to  co-precipitate  the  positively 
charged  alumina.  Fig.  3  shows  that  the  optimum  efficiency 
is  obtained  at  4.4,  both  for  cold  and  heated  sludge  contain- 
ing the  aluminium  sulfate.    The  effect  of  temperature  upon 


the  treated  sludge  at  its  optimum  pH  value  is  shown  in  Fig. 
4,  the  best  result  being  obtained  at  the  boiling  point  of  water. 

The  seasonal  changes  in  sludge  treated  with  aluminium 
sulfate,  acidified  to  make  pH  =  4.4  and  heated  to  160° 
F.,  are  shown  in  the  top  curve  in  Fig.  1.  This  treatment  raises 
the  increase  in  relative  filtering  efficiency  to  a  grand  total 
of  about  4000  per  cent. 

The  problem  of  dewatering  activated  sludge  at  all  times  of 
the  year  may,  therefore,  be  considered  as  solved  for  the  cli- 
mate of  Milwaukee. 


Effect  of  Deaeration  of  Natural  Waters  on  the  Carbonate 

Equilibrium' 


By  D.  H.  Jackson  and  J.  R.  McDermet 

Elliott  Co.,  Jeannette,  Pa. 


IN  VIEW  of  the  rather 
large  volume  of  litera- 
ture on  aggressive  car- 
bon dioxide  and  hydrogen- 
ion  concentration  of  natural 
waters,  it  was  considered 
an  appropriate  and  inter- 
esting problem  to  study  the 
effect  of  deaeration  of  such 
waters  on  these  factors.  Experiments  in  this  field  should  be 
especially  significant  at  this  time  owing  to  the  growing  com- 
mercial interest  in  the  apphcation  of  apparatus  for  removing 
dissolved  gases  from  water  in  systems  where  it  is  desired 
to  prevent  corrosion.  The  principal  reason  for  removing  dis- 
solved gases  is  to  ehniinate  the  dissolved  oxygen,  which  is 
the  chief  cause  of  corrosion  of  iron  and  steel  by  water.  How- 
ever, the  carbon  dioxide  content  should  by  no  means  be 
neglected,  and  the  experiments  recorded  in  this  article  were 
run  uith  the  idea  of  determining  the  change  in  hydrogen-ion 
concentration  and  the  extent  of  bicarbonate  removal  when 
the  free  carbon  cUoxide  in  natural  water  is  removed  by  com- 
plete deaeration. 

Deaeration  Process 

A  complete  description  of  this  apparatus  from  both 
theoretical  and  practical  standpoints  is  given  by  McDermet. ^ 
The  deaerator  to  which  the  writers  had  access  for  running 
these  tests  is  of  the  same  type  as  is  being  extensively  in- 
stalled at  the  present  time  to  prevent  corrosion  in  power 
plants  and  hot-water  service  systems. 

Before  entering  the  deaerator,  water  must  be  heated  to 
a  minimum  temperature  of  160°  F.  The  apparatus  may 
be  designed  to  handle  water  at  any  temperature  from  140°  F. 
up  to  the  boihng  point.  Water  enters  the  deaerator  through 
a  spring-loaded  valve  and  passes  through  spray  heads  into 
a  vacuum  chamber.  The  spring-loaded  valves  tend  to  keep 
a  constant  pressure  on  the  spray  heads  with  change  in  water 
rate.  The  hot  water  entering  the  vacuum  chamber  is  sub- 
jected to  a  process  of  explosive  boiling  at  the  expense  of  the 
heat  it  contains.  The  vacuum  is  regulated  so  that  enough 
water  is  boiled  to  reduce  the  temperatm-e  of  the  water  about 
22°  F.,  as  this  gradient  has  been  found  to  produce  perfect 
deaeration.  The  steam  produced  in  the  boiling  process 
is  drawn  off  into  a  small  surface  condenser  which  is  cooled 
by  the  water  going  to  the  heater.     The  condenser  is  located 

'  Received  April  12,  1923. 
>  Mech.  Eng.,  42,  273  (1920). 


In  Ihis  paper  it  is  shown  that  deaeration  removes  all  free  carbon 
dioxide  and  decomposes  about  35  per  cent  of  the  bicarbonate  present, 
most  of  it  being  precipitated  and  a  small  amount  remaining  in 
solution  as  calcium  carbonate.  The  percentage  bicarbonate  re- 
moved increases  slightly  with  increase  in  concentration  of  bicar- 
bonate. The  pH  values  are  changed  by  deaeration  from  slightly 
acid  to  a  fairly  high  alkaline  value,  the  change  averaging  pH  2.5. 


so  that  the  condensate 
drains  back  into  the  vacuum 
chamber  and  falls  with  the 
water  from  the  spray  heads 
over  a  series  of  cascade  pans 
into  the  storage  space  in 
the  bottom  of  the  chamber. 
The  water  level  in  the 
chamber  is  regulated  by 
a  float-controlled  valve.  The  vacuum  is  produced  by  an 
ejector  of  the  steam  jet  type  or  by  a  motor-driven  air  pump 
connected  with  the  condenser.  In  the  former  case  an  aux- 
ihary  condenser  is  used  to  recover  the  heat  from  the  steam 
and  the  air  extracted  from  the  vacuum  chamber  passes 
through  a  vent  to  the  atmosphere. 

Water  treated  as  above  in  practically  all  cases  is  delivered 
with  an  oxygen  content  of  from  zero  to  a  trace,  a  trace  mean- 
ing less  than  0.02  cc.  per  liter  as  measured  by  the  Winkler 
iodimetric  method. 

Carbon  Dioxide  Tests 

The  water  on  wliich  the  carbon  dioxide  tests  were  nm  was 
the  regular  water  supply  of  a  power  plant  which  takes  water 
from  a  small  stream  about  one  mile  north  of  Jeannette,  Pa., 
and  is  characteristic  of  the  water  of  the  surrounding  section. 
The  water  is  used  in  the  power  plant  without  being  filtered 
or  otherwise  treated  than  by  the  deaerator.  Tests  were 
run  at  different  seasons  of  the  year,  so  that  the  conditions 
could  be  varied  as  much  as  possible.  A  complete  mineral 
analysis  of  this  water  might  be  of  interest  in  connection  with 
the  experimental  results  of  this  paper,  and  a  representative 
analysis  is  given  in  Table  I. 

Table  I — Analysis  ok  Water  Tested 


Parts  per  Million 

Parts 

PER  Million 

Calcium 

29.6 

Chlorides 

4.97 

Magnesium 

5.16 

Carbonates  as  COj 

71.4 

Iron  oxide 

4.62 

Sulfates 

31.66 

Alumina 

3.10 

Silica 

9.81 

Sodium 

2.34 

Organic  matter 

28.00 

Ammonia 

Trace 

Suspended  matter 

16.7 

Nitrites 

Trace 

Total  solids 

186.20 

Nitrates 

1.18 

pH  =  6.8  maxin 

lum,  5.8  minimum 

In  connection  with  the  test  of  deaeration  on  carbon  dioxide 
removal,  determinations  of  free  carbon  dioxide,  bicarbonate, 
and  carbonate  were  all  carried  out  by  titration,  using  the 
methods   and   precautions   suggested    by   Johnston.'    The 

»  J.  Am.  Chem.  Soc,  38,  947  (1916). 
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free  carbon  dioxide  was  titrated  with  0.02  A'^  standard  sodium 
carbonate.  This  solution  was  carefully  bottled  and  stored 
in  such  a  way  as  to  prevent  it  from  coming  in  contact  with 
the  atmosphere.  The  bicarbonates  and  carbonates  were 
determined  by  titrating  with  0.02  A'^  sulfuric  acid,  according 
to  the  methods  and  precautions  mentioned  above.  As  a 
check  on  the  results,  the  total  carbon  dioxide  was  determined 
on  many  of  the  samples  by  measuring  the  volume  of  gas 
liberated  by  sulfuric  acid  in  a  Van  Slyke  apparatus  and 
also  by  displacing  all  the  carbon  dioxide  with  acid,  boihng, 
and  determining  gra\'imetrically  by  absorption  in  a  Flem- 
ming  bulb. 

pH  Determinations 

The  pH  determinations  were  made  with  the  aid  of  a  hydro- 
gen electrode  against  a  mercury  calomel  cell  and  other  stand- 
ard equipment,  which  was  periodically  standardized  against 
buffer  solutions.  Samples  from  the  deaerator  for  pH  de- 
terminations were  placed  in  a  beaker  covered  with  a  rubber 
diaphragm  with  tliree  holes  through  it  to  accommodate  the 
hydrogen  electrode,  the  salt  bridge  of  the  calomel  cell,  and 
a  motor-driven  stirrmg  device.  Before  the  sample  was 
introduced  into  the  covered  beaker,  the  latter  was  filled 
with  hydrogen  by  displacement  of  water.  The  sample  was 
then  forced  into  the  covered  beaker  by  hydrogen  pressure, 
entering  through  the  hydrogen  electrode  without  having 
had  any  chance  to  be  polluted  by  the  atmosphere.  It  might 
be  suspected  that  the  atmosphere  of  hydrogen  over  the 
sample  while  it  is  being  stirred  would  have  an  appreciable 
effect  upon  the  concentration  of  the  other  dissolved  gases. 
This  would  doubtless  be  true  if  there  were  dissolved  gases 
present,  but  both  chemical  and  physical  methods  have  been 
used  in  making  determinations,  and  results  are  usually  zero, 
or  if  any  is  found,  the  quantity  is  so  small  as  to  be  neghgible. 
In  measuring  the  pH  value  of  the  raw  water,  samples  were 
placed  in  an  open  beaker  and  run  until  the  potentiometer 
reading  was  constant.  Such  results  are  probably  slightly 
higher  than  they  should  be,  owing  to  displacement  of  some 
of  the  carbon  dioxide  in  solution  by  hydrogen  from  the 
electrode.  However,  the  sample  was  in  direct  contact  with 
the  atmosphere  while  the  determination  was  being  made  and 
equilibrium  is  supposed  to  exist  between  the  two. 

DeTERAU  NATION    OF    TOTAL    CALCItTM 

The  determination  of  total  calcium  was  made  on  both 
raw  and  deaerated  water  to  find  out  how  much  calcium  was 
jsrecipitated  by  deaeration.  Results  were  obtained  volu- 
raetrically  by  titrating  the  calcimn  oxalate  with  potassium 
permanganate  and  checked  gravimetrically  by  weighing  the 
oxide. 

Comparison   of   Raw   and    Deaerated   Water 

Throughout  the  experiments  for  the  comparison  of  raw 
and  deaerated  water,  samples  of  raw  water  and  of  deaerated 
water  were  taken  at  practically  the  same  time,  the  former 
being  taken  from  the  cold-water  line  to  the  heater  and  the 


latter  from  the  deaerator  discharge.  In  collecting  samples 
from  the  deaerator,  care  was  taken  that  there  was  no  chance 
for  pollution  by  contact  with  the  atmosphere. 

Results  of  Tests 

All  samples  of  water  tested  are  on  the  acid  side  of  neu- 
trahty,  as  shown  by  pH  value  from  6.85  downward.  After 
deaeration  the  pH  value  ranges  from  approximately  8.8  to 
9.5  and  a  good  color  change  is  always  produced  when  phenol- 
phthalein  is  added.  This  change  is  due  to  removal  of  carbon 
dioxide  and  partial  decomposition  of  bicarbonate.  When 
a  sample  containing  phenolphthalein  is  stirred  with  a  motor 
stirrer,  it  takes  from  15  minutes  to  more  than  half  an  hour 
for  the  color  to  entirely  disappear.  It  is  observed  to  fade 
gradually  away  throughout  the  whole  time.  When  the  solu- 
tion is  allowed  to  stand  in  an  open  beaker,  it  takes  from  6 
to  48  hours  for  the  color  to  fade  away.  It  is  evident,  there- 
fore, that  it  takes  considerable  time  for  the  atmosphere  to 
put  back  into  the  water  the  amount  of  carbon  dioxide  taken 
out  by  the  deaerator  in  a  fraction  of  a  minute. 

The  results  in  Table  II  are  representative  of  a  large  number 
of  tests  run  as  outlined  in  preceding  paragraphs.  The 
complete  tests  on  samples  showing  the  maximum  amounts 
of  bicarbonate  are  included  in  the  table  in  order  to  emphasize 
the  facts,  as  shown  by  the  results,  that  the  percentage  re- 
moved increases  with  increasing  concentration  of  bicarbon- 
ates. 

In  Table  II  no  results  are  given  for  free  carbon  dioxide 
in  deaerated  water,  for,  as  would  be  expected,  free  carbon 
dioxide  cannot  exist  in  water  with  the  liigh  pH  values  which 
all  tests  consistently  showed  on  deaerated  water.  The 
higher  pH  values  of  deaerated  water  samples  are  partly  due 
to  the  removal  of  all  free  carbon  dioxide  and  partly  to  the 
formation  of  carbonate  from  a  portion  of  the  bicarbonate. 
The  results  show  from  4.6  to  6.8  parts  per  miUion  of  carbon 
dioxide  as  carbonate  in  deaerated  water.  The  solubility 
of  calcium  carbonate  at  16°  being  13  parts  per  million, 
which  corresponds  to  5.72  parts  of  carbon  dioxide  per  million, 
it  is  evident  that  the  solution  has  become  saturated  with 
carbonate  and  the  excess,  as  indicated  by  the  difference 
between  the  bicarbonate  content  of  the  raw  water  and  the 
total  carbon  dioxide  content  of  the  deaerated  water,  has 
been  precipitated.  The  difference  on  either  side  of  the 
carbonate  solubQity  point  and  the  experimental  results  can 
be  explained  by  changes  in  temperature  or  by  adjustment  of 
equUibrium  after  the  water  is  deaerated  and  by  the  fact  that 
small  amounts  of  precipitated  calcium  carbonate  may  re- 
main suspended  in  the  solution.  Suspended  calcium  car- 
bonate was  detected  in  samples  of  deaerated  water  by  filter- 
ing and  analyzing  the  residue. 

The  last  sample  in  Table  II  was  obtained  from  a  different 
plant  than  the  others  and  is  well  water.  The  pH  values  were 
determined  with  colorimetric  indicator  standards  at  the 
source  of  collection  of  the  samples,  and  the  titrations  were 
run  after  the  samples  had  been  shipped  to  the  laboratory. 
These  analyses  gave  practically  the  same  results  as  some  of 


Tabi,b  II — Rbsdlts  og  Tbsts  for  Carbon  Dioxidb,  pH,  and  Totai,  Calcium 


. Total  COj , 

Free               * Bicarbonate 

Raw  Water              Raw                 Deaerated 

Carbonate 
Deaerated 

Raw                Deaerated 
Water                   Water 

nTT 

Calciui 

Deaerated 

Raw 

pn                     s 
Deaerated 

Raw 

P.  P.M.              P.  P.M.                 P.  P.M. 

P.  P.M. 

P.  P.M.               P.  P.M. 

Water 

Water 

P.  p.  M. 

P.  p.  M. 

14.52                    75.5                      48.3 

6.4 

88.2                    54.8 

6.70 

9.33 

26.4 

30.6 

14.20                   85.6                     63.5 

6.5 

97.6                    61.4 

6.75 

9.28 

27.9 

32.4 

12.60                    68.5                      45.2 

6.8 

80.4                    63.1 

6.70 

9.37 

26.6 

29.0 

13.80                   81.8                     82. 4 

4.6 

96.2                    66.5 

6.70 

9.16 

26.0 

31.7 

12.80                   74.0                     48.4 

4.7 

88.3                    63.9 

6.68 

9.19 

25.9 

29.3 

13.22                   79.2                     50.8 

6.4 

92.0                   68.4 

6.70 

9.36 

26.0 

31.6 

11.32                    62.5                      42.5 

6.3 

74.6                   49.3 

6.67 

9.37 

25.0 

28.3 

13.40                    83.2                      63.4 

6.6 

96.2                   60.2 

6.76 

9.27 

27.8 

32.3 

14.11                    88.4                      55.5 

6.5 

103.1                   61.9 

6.75 

9.30 

28.0 

32.6 

15.61                    92.1                       56.9 

6.3 

105.9                    63.6 

6.75 

9.32 

28.4 

33.2 

13.42                    96.3                       58.5 

6.1 

108,8                    66.7 

6.82 

9.39 

28.9 

34.1 

Average      78.2                     54.6 

6.0 

6.70 

8.70 

27.1 

30.6 
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the  otherf?,  showino,  just  a  little  less  bicarbonate  removed 
than  any  of  the  others,  which  was  probably  due  to  changes 
in  the  water  after  the  samples  were  collected. 

As  a  theoretical  check  on  the  analytical  results  of  bicar- 
bonate determinations  in  deaerated  water,  the  following 
formula,  as  given  by  Massink  and  Heyman,^  was  used  to 
calculate  the  bicarbonate  content: 

Bicarbonate  CO^ 
Carbonate   CO2 

H+  being  the  hydrogen-ion  concentration  and  the  CO2 
values  being  expressed  in  milligrams  per  hter. 

A  comparison  of  the  calculated  results  with  the  experi- 
mental results  on  the  different  samples  in  Table  II  are  given 
in  Table  III. 

Table  III — Bicarbonate  COi — Mg.  per  Liter 


present  in  either  case  as  would  be  equivalent  to  the  amount 
of  bicarbonate  found,  showing  that  part  of  the  bicarbonate 
is  combined  with  other  elements,  probably  magnesium. 


6  X  10-"  X 


Experimental 

Calculated 

Experimental 

Calculate 

48.3 

50.1 

42.5 

45  2 

S3. 6 

57.6 

53.4 

69  2 

45. 2 

48.1 

55.5 

53.6 

52.4 

49.3 

56.9 

60.1 

48.4 

50.4 

58.5 

62.1 

50.8 

47.0 

A 

^ 

?'" 

^ 

^ 

§ 

^ 

1 

^ 

— 

^ 

^ 

3 

/■ 

" 

/ 

1 

/ 

SO 

io 

The  results  check  fairly  well,  considering  how  much  the 
value  of  the  formula  depends  upon  the  accuracy  of  the  pH 
measurements. 

The  results  on  calcium  in  raw  and  deaerated  water  show 
that  an  appreciable  amount  is  removed  by  deaeration — not 
as  much,  however,  as  would  be  expected  from  the  amount  of 
bicarbonate  removed.     Indeed,  there  is  not  as  much  calcium 

•■J.Am.  Water  Works  Assoc,  8,  239  (1921). 
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To  give  an  idea  of  the  relative  amounts  of  bicarbonate 
removed,  a  curve  is  given  showing  the  total  bicarbonate 
present  in  the  raw  water,  plotted  against  the  per  cent  re- 
moval by  deaeration.  The  per  cent  removal  is  found  to 
increase  slightly  with  increase  in  concentration.  It  would 
be  interesting  to  test  the  effect  of  deaeration  on  water  with 
higher  bicarbonate  content,  but  it  could  not  be  done  by  the 
writer,  as  the  laboratory  was  only  convenient  to  the  one 
power  plant  where  deaerated  water  was  available. 


Substitution  and  Addition  of  Chlorine  to  the  Rubber 

Molecule' 


By  J.  McGavack 

United  States  Rubber  Co.,  New  York,  N.  Y. 


THE  nature  of  the  re- 
action of  chlorine 
with  hydrocarbons 
depends  upon  the  tempera- 
ture, light,  and  mechan- 
ical conditions,  as  weU  as 
upon    the   nature    of    the 

hydrocarbon  itself.  Saturated  hydrocarbons  can  only  react 
with  clJorine  by  substitution.  On  the  other  hand,  both 
substitution  or  addition  may  occur  in  the  case  of  un- 
saturated hydrocarbons.  For  instance,  the  cUorination  of 
toluene  may  result  in  entirely  different  chemical  individuals, 
depending  upon  whether  the  reaction  occurs  in  sunlight, 
diffused  light,  or  at  an  elevated  temperature.  In  the  same 
manner  the  cUorinated  products  of  ethylene  may  vary  over 
a  wide  range,  depending  primarily  upon  the  conditions  under 
which  the  reaction  is  carried  out.  In  fact,  examples  of  this 
type  are  so  frequent  and  familiar  that  it  is  useless  to  cite 
further  cases. 

For  this  reason  it  was  thought  that  a  dynamic  study  of 
the  cUorination  of  the  rubber  hydrocarbon  should  be  inter- 
esting and  perhaps  indicate  the  preference  for  substitution 
or  addition.  Pre\nous  workers,  such  as  Gladstone  and 
Hibbert,^  have  considered  the  chlorinated  product  of  the 
rubber  hydrocarbon  from  the  end  point  only,  and  apparently 
have  not  dissected  the  reaction.     The  same  is  true  of  the 

'  Presented  before  the  Division  of  Rubber  Chemistry  at  the  65th 
Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn.,  April 
2  to  7,  1923. 

»y.  Chem.  Soc.  (London),  63,  686  (1888). 


The  main  points  in  this  brief  paper  are  that  substitution  occurs 
first  in  an  uncontrolled  temperature  reaction  oj  chlorine  with  rubber; 
that,  practically,  substitution  is  complete  before  any  addition  occurs; 
that  the  procedure  gives  a  quick  method  by  which  the  rale  of  the  chlo- 
rination  of  rubber  may  be  determined  at  any  particular  time. 


work  done  by  Peachy.' 
In  general,  all  authorities 
practically  agree,  with  the 
exception  of  Boswell,  that 
the  rubber  hydrocarbon  is 
an  unsaturated  aggrega- 
tion of  carbon  and  hydro- 
gen. Boswell^  claims  that,  instead  of  having  a  number 
of  double  bonds  affording  an  opportunity  for  the  addition 
of  compounds  like  bromine  and  chlorine,  we  have  internal 
linkages  between  the  carbon  atoms,  thus  causing  complete 
saturation,  and  that  the  formation  of  double  bonds  of  free 
valencies  is  only  brought  about  when  extreme  or  drastic 
treatment  is  employed.  In  any  case,  it  was  thought  de- 
sirable to  study  this  reaction  from  the  dynamic  standpoint. 
The  method  (Fig.  1)  consisted  in  passing  a  definite  quantity 
of  clilorine  measured  by  a  flowmeter  (1)  through  a  cylindrical 
vessel  exposed  to  diffused  light  containing  a  known  quantity 
of  rubber  cement.  The  effluent  gases  were  cooled  by  means 
of  a  condenser  allowing  the  solvent  to  return  to  the  reaction 
chamber  and  were  measured  by  means  of  a  flowmeter  (2). 
These  gases  were  then  washed  thoroughly  with  water  to 
remove  any  hydrochloric  acid  formed,  measured  by  another 
flowmeter  (31 ;  and  finally  passed  through  strong  alkali  to 
absorb  the  final  traces  of  chlorine.  In  this  manner,  by  a 
simple  glance  at  the  flowmeter  readings  exactly  what  was 
occurring  at  any  particular  moment  of  the  reaction  could  be 

s  J.  Soc.  Chem.  Ind.,  39,  55  (1918). 
<  India  Rubber  J.,  64,  981  (1922). 
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determined.  For  instance,  Flowmeter  1  measured  the 
initial  quantity  of  chlorine;  Flowmeter  2,  the  chlorine  un- 
absorbed  plus  hydrochloric  acid  given  off  by  the  reaction; 
and  Flowmeter  3,  the  unabsorbed  chlorine.  By  substracting 
the  readings  of  3  from  those  of  2  we  would  have  the  amount 
of  hydrochloric  acid  given  off  at  any  particular  time.  Divid- 
ing this  value  by  two,  we  would  obtain  the  amount  of  chlorine 
substituted.  The  difference  between  the  clilorine  in  and 
the  chlorine  out  minus  that  substituted,  of  course,  would 
give  the  value  added. 


Fig.  I — Chlorination  Apparatus 

It  is  to  be  remembered  that  in  such  a  process  the  results 
will  vary  as  much  as  3  per  cent,  inasmuch  as  flowmeters  for 
measuring  gases  are  probably  only  accurate  to  this  degree. 
Furthermore,  it  should  be  stated  that  absorption  of  chlorine 
by  the  water-gas  bottles  was  not  taken  into  consideration, 
but  it  was  thought  sufficient  to  saturate  first  with  chlorine 
the  water  thus  used. 

Experiment  17  gives  a  graphical  representation  of  a  typical 
experiment  carried  out  in  the  manner  described  above.  In 
this  graph  the  gas  volumes  are  plotted  as  ordinates  against 
time  as  abscissas.  Here  we  have  a  graphical  record  of  the 
three  different  flowmeter  readings,  the  area  of  which  can 
either  be  integrated  or  calculated  by  inspection.  Thus, 
that  area  between  1  and  2  gives  the  amount  of  chlorine 
absorbed;  that  between  2  and  3,  the  volume  of  hydrochloric 
acid  given  off,  or  twice  the  volume  of  chlorine  substituted; 
while  that  between  3  and  the  abscissas  gives  the  amoimt  of 
chlorine  lost.    Unfortunately,   the  last  area  is  inaccurate 
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acid  given  off  is  accurate  to  within  the  limits  of  the  flowmeter 
readings. 

It  can  easily  be  seen  from  this  graph  that  substitution 
occurs  during  the  first  course  of  this  reaction  practically  to 
the  exclusion  of  addition.  As  the  reaction  proceeds  the 
temperature  decreases,  substitution  diminishes,  and  addition 
increases.  This  is  also  shown  in  Table  I,  which  gives  the 
results  of  nine  experiments  carried  out  in  this  manner. 
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It  can  be  seen  from  a  glance  at  Column  7,  that  the  ratio 
of  hydrochloric  acid  given  off  to  the  original  amount  of  rubber 
when  expressed  in  mols  is  approximately  3.  This  holds  for 
all  experiments,  except  Experiment  12,  where  this  ratio  is  con- 
siderably less.  This  discrepancy  is  explained  from  the  fact 
that  with  this  experiment  carbon  tetrachloride  in  place  of 
chloroform  was  used  as  a  solvent.  It  is  known  that  the 
solubility  of  the  hydrochloride  of  rubber  is  approximately 
zero  in  this  solvent,  and  hence  what  probably  occurs  in  this 
case  is,  first,  the  addition  of  hydrochloric  acid  gas  to  the  rubber 
molecule,  precipitating  a  film  of  the  hydrochloride  on  the  rub- 
ber and  thus  preventing  chlorination  unless  some  mechanical 
stirring  device  is  used.  This  reaction  requires  more  detail 
than  can  be  given  in  this  brief  note.  It  will  also  be  seen 
from  Column  8  that  the  percentage  of  chlorine  in  the  final 
product  is  6.5.  If  the  chlorinated  product  does  contain  three 
atoms  of  substituted  chlorine  and  four  atoms  of  added  chlo- 
rine, then  the  percentage  of  chlorine  should  be  65.1,  which  is 
in  fair  agreement  with  the  experimental  data.  It  may  be 
seen  also  that  the  temperature  was  uncontrolled  and  that 
where  the  greatest  substitution  occurred  there  was  the 
highest  temperature.  This  is  in  agreement  with  known 
facts  in  regard  to  substitution  and  addition  of  halogens  in 
hydrocarbons. 


owing  to  the  fluctuation  of  the  temperature  which  allows  for 
more  or  less  absorption  of  chlorine  by  the  solvent.  On  the 
other  hand,  that  area  representing  the  amount  of  hydrochloric 


International  Conference  on  Standardization 

A  conference  of  the  secretaries  of  national  industrial  standard- 
izing bodies  was  held  in  Zurich  and  Baden,  Switzerland,  July 
3  to  7.  Thirteen  countries  were  represented,  including  all  the 
more  important  industrial  nations  of  Europe  and  America,  P.  G. 
Agnew  being  the  delegate  from  the  United  States. 

A  leading  topic  discussed  by  the  conference  was  the  inter- 
change of  information  between  the  various  national  bodies 
during  the  development  of  the  work  in  the  different  countries. 
At  the  first  conference,  held  in  London  two  years  ago,  arrange- 
ments were  made  for  the  systematic  interchange  of  completed 
work,  and,  to  some  extent,  of  information  on  work  in  progress. 
While  it  was  not  possible  to  overcome  all  the  difficulties  existing 
by  virtue  of  the  important  industrial  considerations  involved, 
very  substantial  progress  was  made.  It  is  believed  that  the 
steps  taken  will  lead  immediately  to  a  substantially  increased 
amount  of  interchange  of  information  during  the  earlier  stages 
of  standardization  work,  and  that  the  way  has  been  paved  for  a 
much  more  extensive  interchange  in  the  future. 

Provision  was  made  for  continuing  the  work  of  the  conference 
on  the  many  administrative  problems  of  common  interest, 
through  a  loose-knit  continuing  organization.  An  example  of 
such  work  planned  by  the  conference  is  the  translation  of  tech- 
nical terms  of  special  importance  or  difficulty  in  standardization 
work.  There  will  gradually  be  built  up  such  a  vocabulary  of 
technical  terms,  mainly  in  English,  French,  and  German,  but 
supplemented  as  far  as  may  be  feasible  and  necessary  by  the 
corresponding  terms  in  other  languages. 
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Calculation  of  Flash  Points  for  Pure  Organic  Substances 


By  Edward  Mack,  C.  E.  Boord,  and  H.  N.  Barham' 
Ohio  State  University,  Columbus,  Ohio 


THE  work  a  c  c  0  m  - 
plished  by  Burgess 
and  Wheeler'  and 
by  Thorton'  in  attempting 
to  determine  the  relation- 
ship between  the  limits  of 
inflammability  of  gaseous 
substances  and  their  phys- 
ical and  chemical  properties 
has  a  direct  bearing  on  the 
subject  of  flash  points.  In 
fact,  by  making  use  of  the 
relationship  discovered  by 
Thorton,  the  writers  have  been  able  to  calculate  the  flash 
points  of  pure  liquid  and  solid  organic  compounds  when  their 
vapor  pressures  are  known  in  the  region  of  the  flash-point 
temperature.  Thorton  determined  the  relationship  at  both 
the  upper  and  lower  limits  of  inflammability.  It  may  be 
stated  as  follows: 

In  mixtures  of  paraflBn  hydrocarbons  with  air,  there  is  twice 
the  volume  of  inflammable  gas  at  the  upper  limit  of  inflamma- 
bility as  in  the  mixture  required  for  complete  combustion;  or, 
there  are  one-half  the  number  of  atoms  of  oxygen  as  are  required 
for  perfect  combustion.  At  the  lower  limit  of  inflammability 
ignition  fails  when  there  are  twice  as  many  oxygen  atoms  per 
molecule  of  substance  as  are  needed  for  perfect  combustion,  and 
first  becomes  possible  when  there  is  one  less  than  this. 

If  M  equals  the  number  of  molecules  of  the  inflammable 
substance  and  A''  equals  the  number  of  oxygen  atoms  for 
complete  combustion,  then  the  upper  limit  mixture  is  2  M  -1- 
N,  and  the  lower  limit  M  +  (2  N  -  1). 

For  example,  let  us  consider  methane,  which  burns  to 
carbon  dioxide  and  water  according  to  the  equation 
CH,  -f  2O2  =  CO2  +  2H2O 

Here,  M  =  1  and  A''  =  4.    In  the  upper-limit  mixture, 

therefore,  there  are  two  molecules  of  methane  to  every  four 

atoms,  or  two  molecules,  of  oxygen.    The  per  cent  by  volume 

of  methane  in  such  a  mixture  is  given  by  the  expression 

2X100  per  cent      ,,„-.,,  i,        <•      1  c 

— — — TTr;rr,  where  4.8o  is  the  number  of  volumes  of 

^  +  (2  X  4.60) 

air  which  will  hold  one  volimie  of  oxygen.    The  result  is 

17  per  cent  methane,  as  compared  with  an  observed  value 

of  14.8.    For  ethane  the  calculated  and  observed  per  cents 

are  10.5  and  10.7;  for  propane,  7.6  and  7.35;  for  butane, 

5.9  and  5.7;  for  pentane,  4.9  and  4.5. 

In  the  lower-limit  mixture,  with  which  one  is  more  directly 

concerned  in  the  calculation  of  flash  points,  there  are  2  A^— 1, 

or  7  atoms  of  oxygen  for  every  molecule  of  methane.    The 

per  cent  by  volume  of  methane  is  given  by  the  expression 

2  X  100  per  cent        ^  ,     „  , 

^        ,  ,  and  equals  5.5  per  cent,    as    compared 

with  an  observed  value  of  5.6.  For  ethane  the  calculated 
and  observed  per  cents  are  3.08  and  3.1;  for  propane,  2.12 
and  2.17;  for  butane,  1.62  and  1.55;  for  pentane,  1.31  and 
1.35.    While  the  two  formulas  2  M  +  N  and  M  +  {2  N  -  1) 

'  Received  March  19,  1923. 

'  The  experimental  part  of  this  paper  is  abstracted  from  the  thesis 
presented  by  H.  N.  Barham  to  the  Graduate  School  of  the  Ohio  State  Uni- 
versity in  partial  fulfilment  of  the  requirements  for  the  degree  of  Master  of 
Science. 

'J.  Chem.  Sac,  99,  2013  (1911). 

•  Phil.  Mae.,  33,  190  (1917). 


Thorlon  has  shown  that  in  a  mixture  of  air  and  a  combustible 
gas  or  vapor,  the  minimum  explosive  mixture  contains  about  twice 
as  many  oxygen  atoms  and  the  maximum  mixture  about  one-half 
as  many  oxygen  atoms  as  are  required  for  complete  combustion. 

It  has  seemed  worth  while  to  use  this  rule  to  calculate  flash  points 
for  a  number  of  pure  substances.  This  is  done  by  calculating  from 
vapor  pressure  data  the  temperatures  to  which  the  substances  in 
question  must  be  brought  in  order  that  their  saturated  vapors  will 
furnish  mixtures  with  air  which  are  Just  explosive.  Unfortunately, 
the  vapor  pressure  data  are  very  meager.  Flash  points  calculated 
in  this  way  agree  well  with  the  observed  values. 


are  purely  empirical,  they 
give  good  results  for  ben- 
zene, and  with  slight  modi- 
fication for  acetylene,  ethyl- 
ene, propylene,  butylene, 
etc.,  cyanogen,  carbon  di- 
sulfide, methyl  alcohol  and 
ethyl  alcohol,  and  many 
other  widely  different  com- 
pounds. 

Having  found  the  per 
cent  by  volume  of  the  in- 
flammable substance  in  air 
which  just  gives  an  explosive  mixture,  the  partial  pressure 
of  the  inflammable  substance  may  be  calculated.  For 
example,  ui  the  case  of  pentane,  mentioned  in  the  last  para- 
graph, the  partial  pressure  would  be  1.31  per  cent  of  760 
mm.,  or  9.96  mm.  To  obtain  the  flash  point  of  pentane,  it 
is  then  only  necessary  to  find  the  temperature  to  which  the 
liquid  pentane  must  be  brought  in  order  that  its  saturated 
vapor  wiQ  have  a  pressure  of  9.96  mm.  This  temperature 
may  be  read  off  directly  from  the  vapor  pressure  curve  of 
pentane.  In  the  tables  given  below  are  listed  a  number 
of  flash  points  calculated  in  this  way. 

Observed  Flash  Points 
When  seeking  a  comparison  between  the  calculated  and 
observed  flash  points,  one  is  confronted  with  the  considerable 
disagreement  of  values  obtained 
by  the  various  flash-point  testers 
in  common  use.  Such  disagree- 
ment is  not  at  all  surprising. 
Aside  from  the  varying  degrees 
of  purity  of  the  sample  to  be 
tested,  a  large  part  of  it  is  due  in 
the  different  cases,  to  (1)  the  em- 
ployment of  different  sources  of 
ignition — it  by  no  means  follows 
that  an  iuflammable  liquid  wUl 
flash  at  the  same  temperature  for 
an  electric  spark,  as  it  wfll  for  a 
match  flame,  or  a  wick  flame;  (2) 
to  the  unsaturated  condition  of 
the  vapor  where  ignition  occurs; 
in  some  flash-point  testers  the 
vapor  may  be  almost  saturated, 
in  others  it  is  far  from  saturation. 
A  simple  apparatus  was  con- 
structed to  determine  actual  flash 
points,  having  ia  mind  these  two 
fundamental  points.  The  ap- 
paratus is  shown  in  Fig.  1.  The 
substance  to  be  tested  is  placed 
in  the  large  glass  test  tube,  T, 
and  the  platinum  points,  S,  form- 
ing a  spark  gap,  are  adjusted  so 
that  they  are  very  near  to  the 
surface  of  the  liquid.  Air  which 
has  been  diued  by  passage  through 
a  calcium  chloride  tube  is  allowed 
to  flow  slowly  over  the  surface 
of   the    liquid,    and    serves    the 
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double  purpose  of  washing  out  the  oxidation  products  of 
the  preceding  test,  and  of  supplying  oxygen.  The  rate 
of  air  flow  is  not  great  enough  to  disturb  the  liquid  sur- 
face. The  temperature  of  the  substance  is  regulated  so 
that  the  flash  point  can  be  approached  from  below,  usmg 
either  a  Dewar  flask  with  solid  carbon  dioxide  and  acetone 
for  the  outside  bath,  or  a  beaker  of  water  heated  with  a  Bunsen 
burner  to  the  proper  temperature,  and  testing  at  intervals 
of  one  degree  or  even  fractions  of  a  degree  in  the  near  neigh- 
borhood of  the  flash  point  itself.  The  temperature  at  which 
an  almost  invisible  blue  flame  passes  over  the  surface  of  the 
liquid  is  the  flash  point.  It  is  best  to  view  the  flame  against 
a  dark  background. 

With  every  pure  substance  the  flush  point  is  sharp  and 
distinct,  and  is  reproducible  within  quite  narrow  limits 
(0.5  degree).  Below  the  minimum  explosive  mixture  the 
color  of  the  spark  is  light  blue,  accompanied  by  no  flash. 
The  color  of  the  spark  above  the  maximum  mixture  is  red 
(with  no  flash),  the  red  color  possibly  being  due  to  a  lumi- 
nescence of  carbon  set  free  by  the  partial  combustion  of  the 
substance  near  the  electrodes,  in  a  small  nonspreading  zone 
of  oxidation  wliich  exists  there.  Chemical  reaction  often 
takes  place  when  the  liquid  is  several  degrees  below  the 
flash  point,  but  such  action  is  confined  strictly  to  a  small 
region  about  the  spark  gap,  and  the  reaction  does  not  propa- 
gate itself  throughout  the  whole  mixture.  For  instance, 
in  the  case  of  carbon  disulfide,  it  is  easy  to  see  that  chemical 
action  is  taking  place  in  the  spark  gap  at  temperatures  of 
—40°  and  —35°  C,  and  the  odor  of  sulfur  dioxide  is  very 
strong;  but  no  self-propagating  flame  is  formed  until  the 
temperature  has  been  raised  to  about  —26°  C. 

The  manner  in  which  the  flash  point  depends  on  the  nature 
of  the  source  of  ignition  is  as  yet  not  fully  understood.  In 
the  case  of  the  electric  spark,  wliich  because  of  its  reproduc- 
ibility is  probably  the  best  means  of  ignition  to  employ  in 
testing  flash  points,  several  investigators  have  suggested 
that  it  is  the  quantity  of  energy  in  the  spark  which  is  the  de- 
termining factor  in  giving  ignition. 

Paterson  and  Campbell,^  however,  show  that  the  po- 
tential of  the  spark  discharge  is  much  more  important,  and 
that  if  this  is  large  the  actual  quantity  of  energy  may  be 
quite  small  and  still  give  effective  ignition.  The  ignition  may 
depend  on  the  material  of  which  the  electrodes  are  made,  and 
does  depend  on  the  shape  of  the  electrodes.  Ignition  occurs 
more  readily  when  the  spark  discharge  is  between  points. 

In  the  apparatus  described  above  the  electrodes  were  of 
platinum  and  sharpened  at  the  ends.  An  induction  coil 
served  as  the  source  of  current,  with  a  battery  of  dry  cells 
on  the  primary.  A  sufficient  number  of  dry  cells  were  used 
so  that  the  addition  of  any  more  made  no  change  in  the 
flash  point  of  the  explosive  mixture  excited  by  the  spark. 
With  the  induction  coU  used,  three  dry  cells  in  series  gave 
this    condition. 

COMPAEISON  OF  OBSERVED  AND  CALCULATED  FlASH  PoINTS 

Table  I  shows  the  calculated  and  observed  flash  points 
for  a  number  of  common  organic  liquids  and  for  a  few  soUd 
substances. 

Most  of  the  vapor  pressure  data  used  in  making  these 
calculations  have  been  taken  from  Landolt-Bornstein  tables 
and  the  recent  literature.  In  those  cases  where  the  vapor 
pressure  data  were  not  available,  the  vapor  pressure  has 
been  calculated  from  the  boiling  point  by  the  method  of 
Lewis  and  Weber.  ^  In  making  these  calculations  water 
•  has  been  used  as  the  liquid  of  reference  in  the  equation 

AT„  _   £j7>h 
AT     ~  L„It\ 

•  Collected  Researches,  The  National  Physical  Laboratory,  IS,  237  (1920). 

•  This  Journal.  14,  486  (1922). 


In  the  equation,  T^,  represents  the  boiling  poLat  (absolute) 
of  water,  and  T  the  boiling  point  (absolute)  of  the  substance 
whose  vapor  pressure  is  being  calculated.  L^  and  L  are  the 
molal  heats  of  vaporization  of  the  water  and  the  substance, 
respectively.  AT-u,  is  the  difi'erence  in  degrees  between  100, 
the  boiling  point  of  water,  and  that  temperature  at  which 
water  has  the  same  vapor  pressure  that  the  substance  has  at 
its  flash  point.  AT  is  the  difference  in  degrees  between  the 
boiling  point  of  the  substance  and  its  flash  point.  The 
flash  points  calculated  in  this  way  have  been  marked  with 
asterisks  (*).  Except  in  the  one  case  of  isopropyl  alcohol, 
where  the  calculated  flash  point  is  14  degrees  lower  than 
the  observed  value,  the  agreement  between  the  calculated 
and  observed  points  is  remarkably  good.  These  results 
seem  to  indicate  that  the  flash  point  of  any  pure  compound 
of  the  same  general  nature  as  those  in  the  table  can  be  cal- 
culated, with  nothing  more  known  about  the  substance  than  its 
boiling  point,  and,  of  course,  its  chemical  formula. 

Tablb  I — Calculated  and  Obsbrved  Flash  Points 

Percentage  Calcd.    Observed 

Compo-       Partial       Flash  Flash 

Substance           M       N       sition       Pressure     Point  Point 

Aliphatic  hydrocarbons — Lower  limit  M  +  iZ  N  ~  1) 

CaHu                               2         19         1.10           8.36     -27.5  -18.0 

CsHii                              2         25         0.84           6.38         12,0  17.0 

Aromatic  hydrocarbons — Lower  limit  M  +  {2  N  ~  1) 

CjHj                                2         15         1.40         10.64     -12.0  -9.0 

CtHiCH,                        2         18         1.16           8.82           3.0  6.5 

CsHiCjHi                       2         21          1.00           7.60         21.5*  15.5 

n-C6H,CaH7                   2         24         0.87           6.61         35.5*  30.5 

iec-CeHsCH,                 2         27         0.74           5.63         52.0*  52.0 

CioHi                               2         24         0.87            6.60         78.0  86.0 

Aliphatic  esters — Lower  limit  M  -{■  {2  N  —  1) 

HCOOCiHs                   2           7         3.20         24.30      -19.0  -19.5 

CHiCOOCHj                2           7         3.20         24.30      -16.0  -15.5 

CHiCOOCiHs               2         10         2.20         16.70      -   6.0  -   5.0 

iJ0-HCOOCsH7             2         10         2.20         16.70      -   4.5*  -   5.5 

n-HCOOC,H7               2         10         2.20         16.70     -   4.5  -   3.0 

CjHiCOOCHi               2         10         2.20          16.70      -   3.5  -   2.0 

iso-CHsCOOCjHy        2         13         1.70         12.92           4.0*  4.5 

n-CHjCOOCjH;           2         13         1.70         12.92           9.0  14.5 

CjHiCOOCjHj              2         13         1.70         12.92           7.0  12.5 

>i-C3H7COOCHi           2         13         1.70         12.92           9.0  14.0 

n-HCOOC<H9               2         13         1.70         12.92         21.5*  17.5 

Phenols — Lower  limit  M  +  (.2  N  —  J) 

CHtOH                        2       14           1.50         10.6           76.0  79.0 

o-CHjCeH.OH              2       17            1.24           9.5           74.0  83.0 

m-CHjCeH.OH             2       17            1.24           9.5           84.0  86.0 

p-CHjCeH.OH              2       17            1.24           9.5           84.0  86.0 

o-CsH.(OH),                  2       13            1.62         12.0         130.0*  127.0 

m-C6H4(OH),                2       13            1.62         12.0         158.5*  152.0 

p-CiB.i(OU)i                 2       13            1.62         12.0         165.0  165.0 

Miscellaneous  compounds — Lower  limit  M  -^  {2  N  +  t) 

CeH.NOj                        2       14.5       1.45         11.02         89.0  88.0 

CeHiCOOH                    2       15.0       1.40         10.64       133.5  131.0 

Alcohols— Lower  limit  M  +  (,2  N  +  1) 

CHiOH                           2         3.0       5.56         42.26           5.5  5.5 

CiHiOH                          2         6.0       2.51          19.10           7.0  9.0 

w-CiHtOH                      2         9.0       1.62         12.31          18.0  22.5 

•  so-CsHjOH                   2         9.0       1.62         12.31           0.5*  14.5 

n-CiH.OH                      2       12.0       1.20           9.12         30.0  35.5 

!jo.C<H90H                   2       12.0       1.20           9.12         21.0  27.5 
>i-CsHi,OH                     2       15.0       0.95           7.22         33.0 

ijoCiHuOH                  2       15.0       0.95           7.22         33.5  40.0 

Carbon  disulfide — Lower  limit  M  -\-  {2  N  —  I) 

CSi                                2         6.0       2.5           19.0       -28.0  -25.5 

Generally,  the  calculated  flash  points  are  a  little  lower 
than  the  observed  values.  This  may  be  attributed  in  certain 
instances  to  an  unsaturated  condition  of  the  vapor,  as,  for 
example,  is  clearly  the  case  for  the  solid  substance  naphtha- 
lene. In  some  other  cases  the  vapor  pressure  data  are  of 
questionable  rehability. 

Flash  Points  of  Mixtures 

The  calculated  and  observed  flash  points  recorded  above 
have  been  for  single  compounds.  The  same  method  can 
be  extended  to  a  mixture,  provided  the  components  of  the 
mixture  are  all  in  the  same  series.  Consider  a  certain  sample 
of  gasoline  wliich  is  a  mixture  of  paraffin  hydrocarbons, 
C„H2„  +  2.  The  formula  M  +  {2  N  -  I),  wliich  gives  the 
composition  of  the  minimum  explosive  mixture,  holds  for 
the  first  members  of  this  series  and  also  for  the  higher  mem- 
bers.    It  must  hold  therefore  for  any  mixture  of  these  hydro- 
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carbons.  The  number  of  oxygen  atoms  N  required  for  per- 
fect combustion  may  be  found  if  the  average  molecular  weight 
of  the  gasoline  is  known.  Suppose,  for  example,  that  the  av- 
erage molecular  weight  is  107.  By  subtracting  2  (for  the 
two  hydrogen  atoms  at  the  end  of  the  chain)  and  dividing 
the  remainder  by  14  (the  sum  of  the  atomic  weights  in  the 
CHj  group)  the  number  of  GHz  groups  in  the  average  mole- 
cule may  be  obtained.  Three  times  this  number  of  oxygen 
atoms  plus  one  for  the  two  hydrogen  atoms  will  be  the  number 
required  for  complete  combustion.    In  the  above  case: 


i^^] 


+  1  =  iV  =  23.5 


The  percentage  composition  by  volume  of  the  minimum 
explosive  mixture  and  the  partial  pressure  are  then  calculated 
as  before.  The  vapor  presure  of  the  mixture  in  the  region 
of  the  flash  point  must  be  known.  If  an  unknown  per- 
centage of  fhe  members  of  another  series  is  also  present  in 
the  mixture,  there  would  be  no  way  of  finding  the  number 
of  oxygen  atoms  required  for  complete  combustion. 

With  mixtures  it  will  generally  be  simpler  to  determine 
the  flash  points  directly.  But  if  the  composition  of  the 
mixture  is  known  and  the  vapor  pressure  data  are  available, 
the  flash  point  may  be  calculated  with  an  accuracy  approach- 
ing that  for  the  simple  substances  listed  above. 


Oxide  Equilibria  in  Catalysis' 

By  J.  M.  Weiss,  C.  R.  Downs,  and  R.  M.  Bums 

50  East  41st  St.,  New  York,  N.  Y. 


THE  use  of  vanadium 
oxide  as  an  oxida- 
tion catalyst  to 
cause  the  partial  oxidation 
of  aromatic  hydrocarbons 
is  a  practical  development 
of  comparatively  recent 
accomphshment.   The  most 

outstanding  uses  are  the  production  of  phthalic  anhydride 
from  naphthalene^  and  the  production  of  maleic  acid  from 
benzene.'  The  mechanism  of  the  action  of  the  catalyst  is  of 
interest,  and  the  present  paper  is  a  report  of  a  few  prelimi- 
nary experiments  which  were  an  attempt  to  throw  light  on 
this  question. 

A  catalyst  may  act  in  several  different  ways.  In  the  case 
under  consideration,  one  function  of  the  catalyst  appears 
to  be  that  of  furnishing  activated  oxygen.  The  actual 
process  causing  this  activation  may  involve  either  tlie  ad- 
sorption and  subsequent  evaporation  of  oxygen  from  the 
catalyst  surface,  or,  more  likely  in  this  case,  an  oscillation 
from  one  oxide  to  another,  yielding  activated  oxygen  by  the 
dissociation  of  the  higher  oxide.  The  process  is  debatable, 
but  the  actual  composition  of  the  oxides  present  at  the  end  of 
reacting  periods  constitutes  a  fact  capable  of  determination, 
and  it  seemed  likely  that  such  knowledge  might  be  of  value 
in  understanding  the  mechanism  of  the  catalysis. 

The  varying  colors  of  the  vanadium  oxide  catalyst — blue- 
green  to  orange — when  removed  from  the  reaction  zone 
suggested  that  the  degree  of  oxidation  of  the  vanadium  was 
decidedly  affected  by  the  reaction  conditions.  Five  oxides 
of  vanadium  have  been  described :  V2O,  brown;  V2O2,  gray; 
V2O3,  black;  V2O4,  blue;  and  V2O6,  reddish  yellow.  Under 
ordinary  conditions  the  pentoxide  is  the  stable  form.  Each 
oxide  naturally  has  a  definite  dissociation  pressure,  which, 
of  course,  is  exceedingly  low  for  the  normal  temperatures. 

Mixter^  gives  data  for  the  heats  of  formation  of  the  various 
oxides  of  vanadium,  which,  if  reliable,  serve  to  calculate  the 
dissociation  constants  with  a  fair  degree  of  accuracy,  accord- 
ing to  Nernst's  approximation  formula:^ 

log  P02  =    —  4~57]^  +  1-75  log  T  +  C 


In  view  of  the  importance  of  vanadium  oxide  as  a  catalyst  in 
the  partial  oxidation  of  benzene  and  naphthalene,  a  study  Was 
made  of  the  composition  of  vanadium  catalysts  under  various  re- 
action conditions.  The  results  help  to  throw  light  on  the  mecha- 
nism of  these  catalytic  reactions  and  it  is  hoped  that  further  studies 
along  these  lines  will  be  made. 


where  C  —  constant  for  oxy- 
gen =  2.8 

T  =  absolute  temper- 
ature 


•  Presented  before  the  Division  of  Organic  Chemistry  at  the  65th 
Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn.,  April 
2  to  7,   1923. 

!  Gibbs  and  Conover,  U.  S.   Patent  1,285,117   (November  19,  1919). 
»  Weiss  and   Downs,   U.  S.   Patent   1,318,633    (October  14,  1919). 
'  Am.   J.   Set.,    [41   34,    145    (1912). 

•  Nernst,    "Theoretical    Chemistry,"    1916,    p.    758. 


Q  =  heat  of  formation 

On  the  basis  of  the  heats 
of  formation  given  by  Mix- 
ter,i  of  28,200  calories  of  V2O6  from  V2O4  and  59,600  calories 
of  V2O4  from  V2O3,  the  following  figures  were  obtained,  ex- 
pressed in  atmospheres: 

Temperature 

°  C.  Po2(V205  -*  VjO.)  Poi(V!04  -►  ViOd 


400 

0.038 

625 
1260 

1.00 

Vanadium  pentoxide,  V2O6,  in  equilibrium  with  the  tetrox- 
ide,  V2O4,  and  oxygen  constitutes  a  uni variant  system. 
The  trioxide,  V2O3,  may  conceivably  exist  in  equilibrium 
with  this  system  at  one  temperature  and  pressure,  the  point 
where  the  pentoxide  phase  just  disappears. 

The  addition  of  benzene  vapor  to  the  two  oxide-ox-ygen 
sj'stem  would  be  expected  to  distm-b  the  equilibrium  at  those 
temperatures  above  which  the  rate  of  oxidation  of  benzene 
vapor  becomes  appreciable,  since  oxygen  would  be  removed 
from  the  system.  Under  given  conditions  of  temperature 
and  benzene  partial  pressure,  this  oxygen  removal  may  be 
fairly  constant,  causing  as  a  result  a  definite  increase  in  dis- 
sociation of  the  pentoxide.  It  would  be  predicted,  there- 
fore, that  at  a  given  temperature  the  percentage  of  vanadium 
tetroxide  would  be  proportional  to  the  partial  pressure  of 
benzene  vapor  for  a  given  space-time  velocity. 

It  would  be  unsafe  to  attempt  to  predict  the  form  which 
the  equilibrium  would  take  under  these  conditions,  so  ex- 
periments were  made. 

Experimental 

It  was  decided  to  hold  the  temperature  constant  at  400°  C, 
which  is  a  point  corresponding  to  that  for  a  favorable  yield 
of  maleic  anhydride,  and  to  determine  the  effect  on  the 
oxide  equiUbrium  of  varying  the  benzene-oxygen  ratio. 

The  catalyst  was  held  in  the  reaction  tube  placed  in  an. 
agitated  bath  usmg  lead  as  the  bath  material.  The  gases 
under  investigation  were  measured  by  a  wet  drum  meter  and 
dried  by  means  of  concentrated  sulfuric  acid.  The  gases 
used  were  hydrogen,   nitrogen,   and  air.     In  the  benzene 
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runs  the  air  was  loaded  with  a  predetermined  amount  of  ben- 
zene by  passing  it  through  a  thermostatically  controlled 
benzene  vaporizer  before  it  entered  the  catalyst  tube.  The 
gain  or  loss  in  weight  of  the  catalj^st  was  determined  by 
weigliing  the  reaction  tube  after  allowing  the"  preliminary 
heating  to  proceed  at  the  desired  temperature.  When  a 
constant  weight  had  been  reached  it  was  known  that  the 
complex  organic  molecule,  of  wliich  the  vanadium  was  a  part, 
had  been  decomposed.  As  the  analysis  of  the  mixed  oxides 
was  desired,  no  carrier  for  the  catalyst  was  used. 

A  weighed  sample  was  dissolved  in  dilute  sulfuric  acid  and 
titrated  ■nith  permanganate.  The  titrated  solution,  after 
reduction  by  means  of  SO2  and  boiling  off  the  excess  SO2, 
was  again  titrated  with  permanganate.  The  difference  be- 
tween values  of  the  two  permanganate  titrations  ga^^e  the 
percentage  of  V2O4  present  in  the  sample.  Whenever  ^'oOa 
was  present  in  the  sample,  the  first  titration  with  permanga- 
nate was  greater  than  that  after  the  SOj  reduction,  as  SO2 
wQl  not  reduce  VjO^  to  V2O3. 

Results 

The  results  are  given  in  the  following  table: 

Ratio 

Weight     Dura-      Abso- 

Air  to        tion         lute 

Weight    of  Test  Pn 

No,      Benzeoe     Hrs.     At 


14:1 
12:1 
11.3:1 
11. 01 
10.6:1 
10.5:1 
10.5:1 
2.2:1 
2.6:1 


12 


1.00 
1.00 
2.06 
1.00 
1.00 
1.00 
1.99 
1.00 
1.00 


VsOi 

% 
94.3  ) 
75.0 
82. 6 
72.0  1 
80.0  ] 
73.0 
82.71 

9.1! 
11.8 


60%  V.Oj,  40%  VjO. 

98.5%  V2O1,  1.5%  VtO, 
60%  V.Oj,  40%  ViOi 
98.5%  VjO».  1.5%  VjOj 
60%  ViOj,  40%  VaO. 


In  addition,  freshly  prepared  catalyst  was  heated  to  400°  C. 
in  air  at  one  atmosphere  pressure  (absolute).  The  final 
composition  was  V2O5,  98.5  per  cent;    V2O4,  1.5  per  cent. 

No  runs  were  made  with  benzene  vapor  alone  passing  over 
the  catalyst.  In  a  current  of  hydrogen,  however,  at  400°  C, 
the  catalyst  was  reduced  after  17  hours  to  the  compo- 
sition, V2O3,  86.0  per  cent;  VjO^,  14.0  per  cent.  The  re- 
duction of  the  vanadium  oxide  catalyst  below  V2O4  is  thus 
very  slow  at  this  temperature  in  a  hydrogen  atmosphere, 
but  if  carried  to  completion  with  absolutely  pure  hydrogen, 
practically  only  V2O3  would  result.  It  is  of  interest  to  note 
here  that  with  hj-drogen  containing  very  small  amounts  of 
oxygen  the  rate  of  reduction  has  been  found  to  be  very  ma- 
terially decreased. 

When  the  freshly  prepared  catalyst  was  heated  to  equi- 
Ubrium  at  400°  C.  in  a  closed  tube,  the  composition  was 
V2O3,  47.0  per  cent;  XiOt,  53.0  per  cent.  The  explanation 
of  this  composition  is  that  the  catalyst  was  prepared  as  the 
vanadium  salt  of  an  organic  acid,  which  under  decomposition 
by  heating  produced  a  reducing  atmosphere  composed  of 
carbon  monoxide. 

On  the  basis  of  the  results  obtained,  an  approximate  curve 
sho'ning  the  relation  of  catalyst  composition  to  the  ratio  of 
oxj-gen  to  benzene  has  been  dra-mi.  As  no  results  were  ob- 
tained in  the  range  between  3:1  and  11:1,  the  shape  of  the 
curve  in  this  region  is  unknown,  but  it  should  he  somewhat 
to  the  right  of  a  straight  hne  connecting  the  determined 
points  and  take  somewhat  the  shape  of  the  curved  Une  as 
shown.  Above  the  limits  of  these  results — that  is.  at  greater 
ratios  than  14:1 — the  curve  must  approach  the  vertical  to 
correspond  with  the  value  for  0  per  cent  benzene,  or  pure 
.  air;  consequentlj',  the  curve  is  extended  vertically.  The 
extension  of  the  curve  below  the  ratio  of  2:1  must  approach 
the  horizontal,  and  at  some,  probably  very  low,  o.xygen  con- 
centration V2O5  '5\'ill  vanish  and  the  equUibrium  wiU  exist 
between  V2O4  and  V2O3.    At  the  transition  point  all  three 
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oxides  win  exist  in  equihbrium.  Whether  this  triple  point 
is  close  to  the  origin  or  not,  is  not  known,  but  its  accurate 
determination  would  be  of  great  interest. 

It  will  be  seen  by  reference  to  the  table  that,  although 
the  composition  of  the  catalysts  used  in  Runs  2  and  6  con- 
tained no  V2OS  initiaUy,  the  analyses  of  the  catalysts  upon 
completion  of  the  runs  show  their  compositions  to  be  prac- 
tically the  same  as  was  found  in  Runs  4  and  5  where  the 
catalysts  emploj''ed  contained  98.5  per  cent  of  the  pentoxide. 

Runs  3  and  7  were 
made  with  the  system 
at  2  atmospheres 
pressure,  and,  as 
would  be  ex-pected, 
show  somewhat  liigh- 
er  percentages  of  the 
pentoxide  owing  to 
its  decreased  dissoci- 
ation. Again,  it  is 
interesting  to  note 
that  the  catalyst  used 
in  Run  3,  which  was 
originally  composed 
of  60  per  cent  VjOj 
and  40  per  cent  V2O4, 
shows  practicaUj^  the 
same  composition  at 
the  end  of  the  run  as 
that  shown  by  the 
high  pentoxide  cata- 
lyst used  in  Run  7. 
The  final  equihbrium 
ratio  of  oxides  is 
therefore  approached 
from  both  directions. 

Conclusions 

These  results  show  that  the  composition  of  vanadium 
oxide  at  a  given  temperature  and  pressure  depends  upon  the 
air-benzene  ratio  employed.  Although  the  data  given  in 
this  paper  do  not  include  information  on  the  conversion 
of  benzene  to  maleic  acid,  they  assist  in  throwing  some  light 
on  the  mechanism  of  catalji;ic  processes  of  this  type,  and 
some  speculation  here  concerning  this  point  seems  to  be  in 
order. 

Where  the  partial  oxidation  of  organic  compounds  is  under 
consideration,  there  are  e\'idently  other  important  factors 
besides  the  activation  of  oxj'gen.  If  the  catalj-tic  action 
depended  entirely  upon  the  activation  of  the  oxygen,  there 
would  be  no  explanation  of  the  action  of  different  catalysts, 
some  of  which  produce  only  products  of  complete  combustion, 
while  others  produce  mainly  partially  oxidized  products,  and 
stUl  other  compoimds  appear  to  be  practically  inert  except 
at  high  temperatures,  where  their  function  can  hardly  be 
called  truly  cataljiiic.  The  writers  would  differentiate, 
therefore,  between  active  catalj'sts,  those  producing  mainly 
complete  combustion  at  temperatures  where  any  reaction 
at  all  results,  and  productive  catalysts,  those  which  produce 
partial  oxidation  products  in  substantial  amounts,  but  at 
the  same  time  appearing  always  to  produce  products  of 
complete  combustion. 

The  behavior  of  the  catalyst  strongly  suggests  that  the 
mechanism  of  the  catalysis  involves  an  oscillation  between 
V2O6  and  V2O4 — that  is,  the  rate  of  reaction  may  be  dependent 
upon  the  rate  at  which  activated  oxj'gen  is  supphed  by  the 
dissociation  of  the  pentoxide. 

At  temperatures  increasing  above  400°  C.  with  any  given 
ratio  of  air  to  benzene,  the  proportion  of  VjOj  will  pro- 
gressively decrease,  but  the  writers  have  found  that  complete 
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combustion  also  increases  at  the  expense  of  the  partial  ox- 
idation products.  The  opposite  is  true  of  the  lower  tempera- 
tures. Therefore,  the  proportion  of  complete  combustion 
is  not  dependent  upon  the  ratio  of  VjOs  to  V2O4,  but  upon  some 
other  factor  such  as  the  activation  of  the  reacting  substances. 
The  reaction  velocity  of  complete  combustion  apparently 
increases  more  rapidly  than  the  reaction  velocity  of  partial 
oxidation  with  increase  in  the  temperature  above  a  certain 
value.  Again,  if  ratios  greater  than  14:1  are  used,  with  the 
temperature  fixed,  say,  at  400°  C,  the  proportion  of  complete 
combustion  products  to  partial  oxidation  products  is  not 
markedly  increased.  With  these  ratios  the  catalyst  is  al- 
most entirely  VjOe,  and  for  this  reason  the  ratio  of  V2O5 
to  V2O4  appears  to  have  little  effect  upon  the  relative  amounts 
of  the  different  kinds  of  products. 

The  productivity  of  the  catalyst,  whether  composed  of 
oxides  of  a  single  metal  or  of  several  metals,  seems  to  be  a 
function  of  some  undetermined  property  other  than  the 
mere  activation  of  the  oxygen  by  the  dissociation  of  the 
oxide.  It  does  not  seem  to  depend  on  the  crystal  structure 
of  the  oxides  as  the  degree  of  oxidation  of  the  catalyst  does 
not  alter  its  specific  effect.    Apparently,  however,  there  is 


a  close  relation  between  the  crystal  structures  and  dimensions 
of  the  metal  atom  and  those  of  the  organic  compound  and 
this  specific  catalytic  action,  the  degree  of  oxidation  of  the 
catalyst  at  the  end  of  the  reaction  being  merely  a  result  of  the 
conditions  obtaining  in  the  system. 

As  the  complexity  and  instability  of  the  aromatic  molecule 
increase,  there  appears  to  be  a  greater  number  of  productive 
catalysts  which  yield  partial  oxidation  products.  The 
benzene  molecule,  being  the  most  simple  and  stable,  is  par- 
tially oxidized  only  by  oxides  of  vanadium,  although  mix- 
tures of  oxides,  which  alone  do  not  give  partial  oxidation 
products  of  benzene,  act  in  a  similar  manner.  As  yet  there  is 
no  certain  explanation  of  this  pecuUar  action  of  mixed  oxides. 
In  the  oxidation  of  naphthalene,  antliracene,  and  the  methyl 
benzenes  a  progressive  increase  in  the  number  of  catalysts 
which  will  produce  partial  oxidation  products  is  noted. 

It  is  hoped  that  this  rather  restricted  resum^  of  catalytic 
oxidation  of  aromatic  compounds  wiU  excite  more  extended 
interest,  and  that  by  a  combination  of  the  study  of  the  atomic 
structure  of  catalysts  and  organic  compounds,  together  with 
further  studies  of  the  specific  action  of  catalysts,  a  clear 
path  may  be  hewn  through  the  confusing  tangle  now  e-xistent. 


Solubility  of  Nickel  Sulfate  by  Floating  Equilibrium  Method' 


By  F.  C.  VUbrandt  and  J.  A.  Bender 

University  of  North  Carolina,  Chapei.  Hill,  N.  C. 


THE  application  of 
the  principle  of  float- 
ing equilibrium  to 
the  determination  of  the 
solubility  of  the  various 
hydrates  of  nickel  sulfate 
is  a  modification  of  the 
principle  as  set  forth  by 
Richards  and  Shipley,''  ap- 
plied to  precision  ther- 
mometry. They  used  vari- 
ous concentrations  of  salts 
to  affect  equilibrium  for 
noting  accurate    tempera- 


The  paper  presents  the  application  of  the  floating  equilibrium 
method  for  the  determination  of  the  solubility  of  the  various  hydrates 
of  nickel  sulfate.  The  method  consists  in  the  determination  of  the 
quantity  of  water  required  to  bring  a  solution  saturated  with  the  salt 
at  a  definite  temperature  to  the  same  concentration  as  a  gravimetri- 
cally  standardized  solution  of  nickel  sulfate,  the  concentration  of  the 
latter  determined  by  the  condition  of  floating  equilibrium  of  a  glass 
float  calibrated  for  the  particular  solution. 

A  description  of  the  thermostats,  thermoregulators,  and  solution 
apparatus  is  set  forth.  Data  obtained  show  a  close  agreement  with 
results  obtained  gracimetrically.  The  results  are  usually  slightly 
higher  by  the  floating  equilibrium  method  than  by  the  gravimetric 
methods. 


given  float,  the  weight  of 
solute  in  an  unknown  solu- 
tion can  be  found  by  bring- 
ing the  solution  to  the  same 
density  as  the  calibrated 
float  at  the  calibration  tem- 
perature and  then  multi- 
plying the  weight  of  the 
resulting  equilibrium  solu- 
tion by  that  factor  which 
has  been  determined  from 
the  calibration  of  the  float. 
From  the  weight  of  the 
original  solution,  the  weight 


tures.  Lamb  and  Lee^  util- 
ize somewhat  the  same  principle  iu  measuring  the  density  of 
various  solutions  to  an  exceedingly  high  degree  of  accuracy, 
by  measuring  the  weights  and  the  amount  of  current  sent 
through  an  electromagnet  that  wQl  cause  a  250-ml.  inverted 
flask  in  which  an  iron  rod  is  sealed  to  sink  in  the  solution 
being  studied.  The  application  of  floating  equilibrium  for 
the  determination  of  the  solubility  of  lead  acetate  was  used 
by  Dundon  and  Henderson.'' 

The  application  of  the  principle  suggested  by  Dundon 
and  Henderson  has  been  carried  on  in  this  work  on  the  hy- 
drates of  nickel  sulfate,  and  the  method  of  application  and 
calculation  of  data  are  made  easier  by  the  development  of 
a  simple  formula.  In  this  method  is  determined  the  weight 
of  solvent  which  will  bring  a  solution  of  unknown  concen- 
tration to  the  concentration  in  wliich  a  glass  float  calibrated 
at  an  arbitrary  temperature  will  remain  in  equilibrium. 

Assuming  the  percentage  of  solid  in  equilibrium  with  a 
given  solvent  to  be  constant  at  a  fixed  temperature  for  a 

'  Received  March  28,  1923. 

' /.  Am.  Chem.  Soc,  34,  599  (1912);  36,  1  (1914). 

■  Ibid..  36,  1666  (1913).    • 

*  Ibid.,  44,  1197  (1922). 


of  the  solvent  added,  and 
the  factor  for  the  float,  the  concentration  for  the  unknown 
solution  can  be  easily  calculated. 

The  actual  density  of  the  float,  whether  greater  or  less 
than  that  of  the  solutions  to  be  studied,  does  not  materially 
affect  the  calculations.  When  the  density  of  the  float  is  less 
than  the  solutions  to  be  analyzed,  solvent  will  always  neces- 
sarily be  added  to  the  unknown  samples  to  bring  them  to 
the  density  of  the  float.  If  the  density  of  the  float  is  greater 
than  that  of  the  solution  to  be  analyzed,  it  becomes  necessary 
to  evaporate  the  solvent  from  the  solution  until  it  and  the 
float  are  in  equilibrium.  The  value  for  solvent  added  then 
becomes  a  negative  value  instead  of  a  positive  one,  as  in  the 
case  above. 

The  purpose  of  the  work  herein  described  is  to  study  the 
applicability  of  the  floating  equilibrium  method  (1)  to  the 
analysis  of  the  concentration  of  solutions  of  nickel  sulfate, 
and  (2)  to  the  determination  of  the  solubility  of  the  various 
hydrates  of  nickel  sulfate. 

Preparation  of  the  Pure  Salt 

A  large  quantity  of  the  best  grade  of  C.  P.  nickel  sulfate 
was   recrystallized   from   distilled   water   three   times,   this 
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material  alone  being  used  for  stock  in  the  determinationg, 
no  residues  from  the  determinations  being  used  over  again. 
The  stock  salt  was  the  pale  green,  rhombic  crystals  of  the 
formula  NiS04.7HtO.  Tests  for  impurities  showed  no  iron 
or  hydrogen  sulfide  metals,  and  but  minute  traces  of  chloride 
and  cobalt.  The  three  hydrates  of  nickel  sulfate  were  made 
by  recrystaUization  of  the  stock  sulfate  at  25°  C.  for  the 
heptahydrate  (green),  40°  C.  for  the  hexahydrate  (blue), 
and  70°  C.  for  the  hexahydrate  (green).  By  carefully 
maintaining  the  temperatures  until  crystallization  set  in, 
then  rapidly  swinging  off  the  mother  liquor,  a  fine,  stable 
grade  of  each  of  the  hydrates  was  obtained,  which  underwent 
no  noticeable  change  in  color  or  hydration  on  standing  in 
stoppered  bottles.  Analysis  of  the  crystals  for  nickel  by  the 
dimethylglyoxime  method  proved  their  purity  and  formula 
as  to  nickel  content.  On  the  stock  nickel  sulfate  hepta- 
hydrate the  percentages  of  nickel  were  calculated  from  the 
analyses  as  20.42,  20.90,  20.85.  Calculation  of  the  same 
from  the  formula  gives  20.89  per  cent.  Analyses  of  the  blue 
monoclinic  and  green  hexahydrate  for  nickel  content  gave 
22.42,  22.30,  and  22.31  per  cent  while  the  theoretical  quan- 
tity present  should  be  22.326  per  cent. 

A  hollow,  pear-shaped  glass  float,  with  a  fine  capillary  at 
one  end,  occupying,  a  volume  of  about  1.5  to  2.0  cc.  was  made 
from  ordinary,  small,  soft-glass  test  tubes.  A  solution  of 
nickel  sulfate  approximately  satiu'ated  at  0°  C.  was  prepared, 
and  by  the  addition  of  mercury  through  the  capillary  the 
float  was  brought  to  about  the  same  density  as  the  solution 
at  room  temperature.  The  capillary  was  then  sealed  off. 
The  float  used  in  these  determinations  was  made  about  four 
weeks  before  the  calibration,  thus  avoiding  any  large  error 
due  to  slow  contraction  of  the  glass  on  aging.  A  subsequent 
calibration  at  the  conclusion  of  the  solubility  determinations 
showed  that  no  perceptible  change  in  volume  had  taken  place 
after  the  first  calibration. 

The  determination  of  the  exact  concentration  of  the  solu- 
tion having  the  same  density  as  the  float  was  conducted  as 
follows:  A  solution  of  nickel  sulfate  saturated  at  room  tem- 
perature or  below  was  placed  in  an  8-inch  test  tube  with  the 
glass  stirrer  and  float.  This  apparatus  was  then  put  into 
the  thermostat  regulated  at  25°  C.  Water  was  then 
added  with  constant  stirring  until  floating  equilibrium^ 
that  condition  of  the  float  when  it  remains  suspended,  or 
nearly  so,  in  the  body  of  the  liquid — was  reached. 

Samples  of  five  different  solutions  of  nickel  sulfate  brought 
to  the  same  density  as  that  of  the  float  at  25°  C.  and  analyzed 
for  nickel  by  the  dimethylglyoxime  method,*  gave  the  follow- 
ing results  in  grams  nickel  sulfate  (anhydrous)  per  gram  of 
water:  0.30259,  0.30755,  0.30686,  0.30304,  and  0.30250. 
The  mean  of  these  five  values — viz.,  0.30451 — is  taken  as 
the  weight  of  anhydrous  nickel  sulfate  which  when  dissolved 
in  1  gram  of  water  gives  a  solution  with  a  density  equal  to 
that  of  the  float  at  25.00°  C. 

AppAR.iTUS  AND  Method 

A  40-liter  thermostat  was  regulated  at  25°  C.  to  within 
0.01  degree  by  a  large  toluene  regulator.  In  this  thermo- 
stat the  solutions  were  maintained  at  the  same  floating 
equihbrium  temperature  at  which  the  float  was  calibrated. 
A  10-hter  thermostat,  fitted  up  wdth  a  heating  unit  and  relay 
regulated  to  maintain  any  temperature  to  within  0.01  degree 
by  a  toluene  regulator  and  stirring  device,  was  used  for 
saturating  solutions  at  a  definite  temperature.  The  agitators 
for  the  saturation  flask  were  motor-driven.  The  thermom- 
eters used  were  carefully  calibrated. 

The  solubilities  of  the  various  hydrates  were  determined 
by  enclosing  an  excess  of  the  hydrate  with  boiled  distilled 

•  Griffin,  "Technical  Methods  of  Analysis,"   McGraw-Hill  Co.,  New 
York,  1921,  p.  121. 


water  in  a  250-cc.  flask  fitted  with  a  rubber  stopper  through 
which  passed  a  stirring  device  driven  by  an  electric  motor. 
This  apparatus  was  immersed  in  the  10-liter  thermostat 
regulated  at  first  at  a  temperature  2  or  3  degrees  above  the 
temperature  at  which  a  saturated  solution  was  desired. 
Preliminary  experiments  having  shown  that  equihbrium  was 
reached  in  about  12  hours,  the  solutions  were  stirred  for 
that  time  to  insure  saturation.  The  temperature  was  then 
dropped  to  the  desired  temperature  and  held  at  this  point 
for  12  hours. 

When  it  was  desired  to  filter  the  solution,  a  piece  of  glass 
tubing  with  a  small  bulb  blown  near  the  end,  the  bulb  packed 
with  cotton  and  glass  wool  to  serve  as  a  filter,  was  substituted 
for  the  stirrer.  The  other  end  of  the  tube  passed  into  a  clean, 
dried  tube,  in  which  the  solution  was  to  be  weighed.  The 
solubility  flask  was  also  fitted  with  a  suction  tube,  and  by 
applying  suction  the  solution  was  filtered  and  withdrawn  from 
the  flask  into  the  solubiUty  tube  without  having  been  for 
an  instant  removed  from  the  bath. 

In  making  the  determination,  the  stoppered  test  tube  into 
which  the  sample  was  drawn  was  first  weighed  with  the 
glass  stirrer  and  cahbrated  float.  After  the  sample  had 
been  drawn  into  this  apparatus  at  the  proper  tempera- 
ture, the  tube  with  its  stopper,  stirrer,  float,  and  solu- 
tion were  reweighed — proper  drying  and  temperature 
precautions  having  been  taken.  To  this  arrangement  in 
the  25°  C.  bath,  water  was  added  from  a  buret  with 
stirring  until  floating  equOibrium  was  reached.  The  end 
point  was  that  point  at  which  the  float  would  remain  sus- 
pended in  the  solution.  If  the  end  point  was  passed,  air  was 
blown  gently  over  the  solution  until  sufficient  evaporation 
took  place  to  cause  the  float  to  rise,  when  water  was  again 
added  to  reach  the  end  point. 

It  was  possible  by  this  means  to  determine  the  concentra- 
tion of  a  solution  of  nickel  sulfate  saturated  at  any  temper- 
ature by  determining  the  amount  of  water  required  to  bring 
the  solution  to  the  same  density  as  the  float.  The  weight 
of  water  added  to  or  evaporated  from  the  body  of  the  sat- 
urated liquid  previously  weighed,  was  a  measure  of  the 
concentration  of  the  original  solution,  and  the  weight  of 
nickel  sulfate  per  gram  of  water  was  calculated  as  follows: 

Let  G  equal  the  weight  of  nickel  sulfate  per  gram  of  water  at 
25°  C,  and  Wi  the  weight  of  1  cc.  of  water.  Then  G/Wi 
equals  concentration  of  standard  solution  at  25°  C.  At 
another  temperature  and  condition  of  saturation,  let  x  equal 
number  of  grams  of  nickel  sulfate  dissolved  in  Wj  grams  of  water, 
or  the  concentration  of  the  solution  equals  x/Wt.  If  total 
weight  of  solution  is  A,  then  Wz  =  A  —  x.  x/W,  may  be 
made  equal  to  G/  W\  by  adding  more  solvent  to  or  allowing  evap- 
oration from  the  solution  xlW^  until  floating  equilibrium  is 
attained  with  the  float.  Ws  is  weight  of  water  added  to  or  al- 
lowed to  evaporate  from  the  solution. 


H'l 


Or 


(A   -  X)  +  Wi 
(.4  -f-  Wi) 


Wx  +  G 

To  determine  the  concentration  of  the  solution  in  terms  of  an- 
hydrous nickel  sulfate  per  100  grams  solvent,  the  formula  be- 
comes : 

100»  lOOi 


W's 


U- 


Substituting  in  the  values  for  x: 


G. 


Wi  +  Gi 


Gi 


(A  -I-  Wi) 


Wx  -f  Cx 

Since  the  calibration  of  the  float  determines  the  value  of  G 
and  W\,  the  calculation  of  results  resolves  itself  into  substituting 

in  the  above  formula  the  value  for  -— — ,  which,  when   once 
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determined  for  the  float,  becomes  constant,  and  also  the  values 
of  the  weight  of  the  solution  analyzed,  A,  and  the  weight,  Ws, 
of  the  solvent  added  or  evaporated  from  the  solution.  If  the 
float  is  too  heavy  for  the  solution  and  the  solvent  must  be 
evaporated  from  the  solution,  the  value  of  Wa  takes  on  the 
negative  sign. 

According  to  the  calibration  results,  tj^    =  0.30451 ;  therefore 
is  equal  to  0.2334.     The  formula  for  determining  the 


Wi  +  G 

concentration  of  unknown  solutions  then  becomes: 

100  (0.2334)  U  +  W,) 
A  -  0.2334  (.4   +   Wi) 

A  test  of  the  accuracy  of  the  method  as  compared  with 
results  obtained  gravimetrically  for  the  determination  of 
nickel  by  the  glyoxime  method  showed  concordance.  The 
results  in  terms  of  grams  of  anhydrous  nickel  sulfate  per 
100  grams  solvent  were  as  follows: 

F'oating  equiUbrium  method 30 .  304  30 . 2.W  30 .  292 

Gravimetric  method 30.296  30.178  30.284 

Discussion  of  Results 

The  data  obtained  on  the  solubOity  of  the  various  hydrates 
of  nickel  sulfate  are  given  in  Table  I.  All  weighings  have 
been  reduced  to  the  vacuum  basis.  Comparison  is  shown 
between  the  float  and  gravimetric  results.  The  gravimetric 
analyses  are  averages  of  three  determinations. 

Table  I — Solubilities  op  Hydrates  of  Nickel  Sulfate 


Temp. 
°  C. 
-4.25 
-2.00 

0.00 

3.19 

6.00(a) 

15.66 
25.00(a) 
(ft) 
30.00(a) 

31.71 
40.00(a) 

(ft) 
50.00(a) 

(ft) 
53.25 
58.21 
60.11 
79.75 
94.22 


136.8331 
146.3774 

35.5239 
125.2792 
145.4360 
108.8146 
110.4139 
112.3565 
107.2881 
101.7064 
109.1731 
105.3053 
107.6976 
107.0614 
121.3861 

67 . 0706 
102.3786 
110.2000 
105.1427 
104.1877 
103.4108 

96.9927 
136.3227 


Weight  of 
Solution  + 

Added 

Solvent 
A  +  W, 
124.9331 
118.7795 

31.6771 
120.2928 
145.3731 
108.6617 
110.2466 
126.0980 
132.4285 
126.0940 
142.2885 
136.8687 
139.7399 
142.9922 
167.0780 

92.8400 
150.5640 
161.7555 
158.0395 
159.1173 
158.2371 
162.9067 
245.6684 


Grams  NiSOt 
(Anhydrous)  per 

100  G.  Water 
Float  Gravimetric 
27.335  27.187 
23.366  23.543 
26.189  26.087 
28.884  28.765 
30.304  30.253 
30 . 250 
30 . 292 
35.491 
40.469 
40.720 
43.719 
43.546 
43 . 439 
45.299 
47.329 
47.727 
52.267 
52.075 
54.041 
55.389 
55.557 
64.476 
72.597 


52.291 


NiSO).7HjO  (Gn 


NiSO,.6H20  (Blue) 


54 . 009  , 

55.177  1 

55.396  ,    NiSO,.6HiO  (Green) 

64.217   ' 

72.424  J 


floating  equilibrium  method  in  analyzing  solutions  for  con- 
centration is  therefore  more  accurate  than  the  hydrometer 
gravity  determinations. 

The  values  plotted  on  a  curve  (Fig.  1)  show  a  comparison 
with  those  obtained  by  gravimetric  analysis  by  Steele  and 
Jackson.'  The  values  obtained  by  the  float  method  are 
slightly  higher  than  these,  but  this  may  be  due  to  the  differ- 
ence in  values  obtained  for  the  components  owing  to  the 
different  methods  of  analysis  used.  The  float  method  agrees 
well  with  the  gravimetric  methods  made  in  our  own  work, 
the  float  having  been  calibrated  by  the  same  method  as 
used  for  the  gravimetric  data. 


In  checking  with  the  gravimetric  method,  the  results  ob- 
tained indicate  the  applicabOity  of  the  float  method.  If 
it  is  assumed  that  the  density  under  standard  conditions  is 
a  true  measure  of  concentration,  then  the  accuracy  of  the 
method  depends  upon  temperature  control  and  the  weigliings. 
The  weighing  of  large  samples  for  analysis  obviates  a  pains- 
taking care  in  the  analysis  by  reducing  the  effect  of  smaO 
errors  in  weighing  and  procedure.  Several  drops  of  liquid 
excess  wUl  not  influence  the  final  results  on  such  large  samples, 
but  the  sensitivity  of  the  float  does  not  permit  of  a  variation 
over  one  drop,  since  only  one  drop  makes  a  decided  difference 
in  concentration.  Ordinary  precautions  as  to  determina- 
tions of  densities  by  float  hydrometers  apply  equally  well 
here. 

The  tune  required  for  making  an  analysis  is  indeed  very 
small  when  compared  with  the  long  gravimetric  methods 
for  determiaing  the  concentration  of  constituents  present. 

The  ordinary  floating  hydrometer  type  with  an  exposed 
stem  protruding  through  the  surface  of  the  liquid  can  be  used, 
but  the  sensitivity  is  not  very  great  owing  to  the  variation 
in  the  surface  tension  on  the  exposed  stem.  One  drop  of 
water  on  a  float  in  equilibrium  will  cause  a  sinking,  while 
the  effect  on  an  hydrometer  float  would  be  negligible.     The 


m 

/' 

1 

l" 
* 

y 

/ 

1 

# 

# 

.."' 

^ 

^- 

s« 

^£^ 

b;S(5^ 

<) 

_^ 

-^' 

?) 

„ 

SOLUBILITY  CORVES               _ 

p 

\ 

/^ 

£    HYDPATES     OF    NICKEL    SULFATE 

0„r 

"/"i 

t:-FLr.fv-.%-'^r°° 

10 

0          1 

0 

0          3 

0          4 

D 

0 

0 

^o 

0 

?o       100     no      '?c 

Temperature   "C. 
Fia.  1 

The  possibilities  of  the  appb'cation  of  the  principle  of 
floating  eqmlibrium  are  very  great.  Where  great  accuracy 
is  desired  and  neither  time  nor  opportunity  for  making  a 
gravimetric  analysis  is  possible,  this  method  suggests  itself. 
Also,  ia  the  analysis  for  concentrations  of  solutions  such  as 
unstable  organic  compounds,  which  require  exceedingly 
great  care  in  analysis  because  of  the  unstableness  or  other 
difEcuIties  encountered,  the  float  method  recommends  itself, 
for  when  a  float  is  once  calibrated  for  the  given  solvent  and 
solute,  concentrations  are  easUy  determined. 

•  J.  Chem.  Soc.  (London),  85,  113  (1904). 


A  Remedy  in  Sight 

On  several  occasions  we  have  called  attention  to  the  practice 
of  certain  so-called  American  universities  who  have  ofi'ered 
academic  degrees  for  sale.  This  campaign  has  had  no  success 
in  America,  but  unfortimately  attracted  certain  individuals 
in  foreign  countries  much  to  the  embairassment  of  America. 

A  recent  announcement  gives  reason  for  hope  that  the  charter 
given  in  good  faith  by  a  state  legislature  and  officially  purchased 
by  the  principal  offender  in  marketing  degrees  may  be  revoked. 
The  spurious  imiversity  in  question  has  been  cited  to  show  cause 
why  its  charter  should  not  be  revoked.  It  is  our  earnest  hope 
that  it  may  be  speedily  revoked  and  this  pernicious  practice 
made  impossible  in  future. 


Earning  Power  of  Research 

Recently,  a  corporation  capitalized  at  a  very  substantial 
figure  closed  its  plants,  dismissed  its  sales  force,  and  practically 
retired  from  business.  This  failure  is  mainly  attributable  to 
the  fact  that  a  competitor  succeeded  in  winning  and  holding 
certain  foreign  trade.  The  successful  concern  was  able  to  do 
this  because  years  ago  he  turned  to  research  and  scientific  control, 
whereas  the  unsuccessful  concern,  tardy  in  its  recognition  of 
science,  was  unfortimate  in  the  selection  of  its  scientific  personnel, 
in  the  choice  of  its  problems,  and  perhaps  did  not  adequately 
support  a  scientific  program.  It  is  another  instance  of  the  differ- 
ence between  success  and  failure,  success  resting  with  science. 
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The  Work  of  the  Color  Laboratory" 


By  Joseph  A.  Ambler' 

Bdrbad  op  Cbemistkt,  Washington,  D.  C. 


THE  original  aims  of  the  Color  Laboratory  and  prob- 
lems first  studied  by  it  have  been  described  by  Gibbs.* 
At  the  time  of  the  publication  of  these  statements,  the 
principal  question  confronting  the  dye  industry  may  be  briefly 
stated  as  one  of  tonnage.  Because  of  the  demand  for  large 
amounts  of  dyestufis,  it  was  possible  to  produce  and  sell  at  a 
profit,  dyes  which  were  made  by  very  crude  and  inefficient  proc- 
esses. The  dye  industry  has  now  passed  into  a  second  stage  of 
development  wherein,  to  a  large  extent,  the  question  of  tonnage 
has  been  solved.  The  problems  at  present  confronting  dye 
manufacturers  are  those  of  quality  of  the  dye  and  efficiency 
of  the  processes.  The  work  of  the  Color  Laboratory,  therefore, 
has  been  directed  for  some  time  along  those  lines  which  would 
help  the  manufacturer  in  acquiring  suitable  control  of  the  proc- 
esses used  so  that  the  quality  and  the  yield  of  the  dyes  may  be 
improved.  It  is  felt  that  this  might  be  accomplished  by  under- 
taking exhaustive  studies  on  the  chemical  and  physical  proper- 
ties and  general  reactions  of  the  crudes,  intermediates,  and  dyes, 
and  by  endeavoring  to  devise  more  refined  methods  of  analysis, 
which  would  make  it  possible  to  follow  more  closely  the  course 
of  reactions  involved  in  dye  chemistry.  Many  problems  of 
this  nature  are  continually  arising  which  have  a  bearing  on  the 
industry  as  a  whole  but  which  the  manufacturer  cannot  afford 
to  investigate,  since  he  is  forced  to  consider  time  and  cost  of 
production  as  paramount  because  of  increasingly  keen  com- 
petition. 

The  results  obtained  from  all  studies  undertaken  are  the 
property  of  the  people  of  the  United  States  and  are  made  avail- 
able to  all  by  publication.  For  this  reason  it  is  not  permissible 
to  undertake  problems  which  benefit  one  concern  only,  with 
the  possible  creation  of  a  monopoly  through  the  securing  by 
that  concern  of  patent  rights.  The  investigation  of  problems 
of  this  character  is  the  duty  of  the  consulting  chemists  of  the 
company,  not  that  of  a  government  laboratory  supported  by 
taxes  derived  from  the  people. 

Another  important  function  of  the  Color  Laboratory  relates 
to  a  tjTje  of  problem  which  has  been  undertaken  in  the  past, 
and  which  will  again  be  handled  in  the  future,  should  occasion 
arise.  There  are  certain  dyes  which  have  very  limited  use, 
but  which  are  of  the  utmost  importance  in  special  lines  of  work 
by  which  the  welfare  of  the  public  is  bettered  or  protected. 
It  has  happened  occasionally  that  dyes  of  this  sort  were  not 
manufactured,  or  were  not  obtainable,  in  this  country.  Under 
such  circumstances  the  Color  Laboratory  will  study  the  pro- 
duction of  the  dye  in  question  and  produce  it  for  investigators 
until  such  a  time  as  some  manufacturer  places  it  upon  the  market. 
The  sale  of  such  material  cannot  be  continued  indefinitely, 
however,  since  the  laboratorj'  can  sell  such  products  only  when 
they  originate  as  the  result  of  research  work  and  are  of  no  further 
use  to  the  Government.  Such  a  case  was  that  of  the  photo- 
sensitizing dyes,  which  were  investigated,  produced,  and  sold 
by  the  Color  Laboratory'  only  until  it  was  possible  for  a  manufafc- 
turer  to  supply  them.  WTien  a  problem  of  this  character  is 
undertaken,  it  is  not  with  the  intent  of  competing  in  any  way 

*  Presented  before  the  Division  of  Dye  Chemistry  at  the  6oth  Meeting 
of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2  to  7,  1923. 

"  Contribution  No.  79  from  the  Color  Laboratory,  Bureau  of  Chem- 
istry, Washington.  D.  C. 

•  Chemist  in  Charge. 

<  Tms  Journal,  10,  802  (1918);  Chem.  Mel.  Eng.,  22,  405  (1920). 


with  the  manufacturers.  This  function  of  the  Color  Laboratory 
is  not  competitive,  but  stimulative.  Such  problems  are  attacked 
with  the  purpose  of  developing  a  process  for  the  production  of 
the  dye  which  shall  be  simple  enough  to  make  it  possible  to  in- 
terest a  manufacturer  in  producing  it  for  the  trade.  All  the 
data  acquired  in  the  study  of  the  process  are  placed  at  the  dis- 
posal of  the  interested  manufacturer,  and  are  eventually  pub- 
lished. 

Problems  of  the  nature  discussed  above  are  frequently  •o- 
countered  in  the  industry,  and,  if  commimicated  to  the  Color 
Laboratorj',  will  be  undertaken  as  speedily  as  possible.  The 
service  which  the  laboratory  can  render  the  industry  will  be 
greatly  increased  by  the  suggestion  of  such  problems,  and  co- 
operation of  this  type  will  be  helpfiJ  to  all. 

Besides  investigation  work,  there  is  a  function  of  the  Color 
Laboratory  which  is  regtdatory  and  routine  in  character  and 
which  was  the  original  reason  for  the  establishment  of  this  labora- 
tory in  the  Department  of  Agricultiu-e.  This  work  originated 
as  a  consequence  of  the  passage  of  the  Food  and  Drugs  Act  in 
1906,  and  deals  with  the  coal-tar  colors  for  use  in  foods.  The 
chemical  work  necessary  to  ascertain  which  coal-tar  dyes  are 
noninjurious,  and,  when  pure,  are  fit  for  use  in  foods,  is  carried 
on  by  this  laboratorj'.  At  present  there  are  only  eleven  dyes 
of  this  character.  These  are  known  as  the  permitted  food 
colors  and  the  use  of  any  other  coal-tar  dye  for  food  purposes 
is  prohibited.  A  system  of  certification  of  these  dyes,  and 
mixtures  of  them,'  has  been  devised  whereby  each  batch  of  food 
color  manufactured  is  examined,  and  if  found  of  satisfactory 
ptuity  is  assigned  a  nimiber  which  amounts  to  a  guarantee 
that  the  product  has  met  the  specifications  of  the  department 
for  this  class  of  colors.  During  the  fiscal  year  ending  Jime  30, 
1922,  there  were  certified  333,330  poimds  of  coal-tar  colors  for 
food  piUTJOses.  The  amount  of  coal-tar  colors  certified  is  steadily 
increasing.  This  does  not  necessarily  mean  that  more  artificial 
color  is  being  used  in  food,  but  should  be  interpreted  rather  as 
an  indication  that  the  manufactm-ers  of  food  products  are 
coming  to  realize  the  necessity  of  employing  high-grade  and 
noninjurious  colors  for  their  products  and  are  demanding  the 
certified  colors  in  increasingly  large  amounts.  The  use  of 
ordinary  textile  coal-tar  dyes  in  foods  may  be  attended  with 
considerable  danger  to  the  health  of  the  consximer. 

It  is  well  known  that  textile  dyes,  including  also  the  textile 
grades  of  the  permitted  dyes,  are  very  seldom  carefully  purified 
and  often  contain  relatively  large  amounts  of  arsenic,  imcom- 
bined  intermediates,  and  poisonous  substances  derived  from  the 
apparatus  and  materials  used  in  their  manufacture.  WTien  such 
impurities  are  introduced  into  food  with  the  coloring  matter,  the 
resulting  food  product  may  be  deemed  adulterated  under  the 
terms  of  the  Food  and  Drugs  Act. 

Brief  statements  follow  concerning  several  problems  which 
are  of  special  interest  and  concerning  which  very  little  has  been 
published. 

Cooperation  on  the  Standardization  of  Biological  Stains 

Before  the  war  the  dyes  used  for  biological  stains  were  supplied 
exclusively  by  Germany.  These  German  stains  were  considered 
by  the  biologists  as  standard  products  and  the  only  ones  suitable 

»  Details  of  the  procedure  for  certification  may  be  obtained  by  writing 
to  the  Biu-eau  of  Chemistry,  Department  of  Agriculture. 
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for  their  work.  This  state  of  affairs  is  exactly  analogous  to  that 
which  obtained  in  the  textile  industries  at  the  time  that  German 
dyes  were  shut  off  from  this  country.  The  American  manufac- 
turers were  attempting  to  produce  products  suitable  for  staining, 
but  in  many  cases  the  biologists  found  that  these  products  were 
unsatisfactory.  Therefore,  work  was  started  to  examine  the 
American  stains  and  to  draw  up  specifications  to  which  dyes  for 
this  purpose  must  conform.  The  chemical  work  which  this 
entails  is  being  performed  in  the  Color  Laboratory.  In  the 
case  of  every  dye  used  as  a  stain  which  has  been  examined  chem- 
ically, it  has  been  found  that  the  American  stains  are  superior 
to  the  German  in  their  purity  and  strength  of  color  and  that 
there  are  American  stains  obtainable  which  are  as  good  as  or 
superior  to  the  pre-war  material  in  their  staining  qualities. 
Apparently,  however,  chemical  purity  and  color  strength  alone 
are  not  the  final  criteria  for  a  satisfactory  biological  stain.  The 
biologists  have  awakened  to  this  fact,  and  realize  now  as  never 
before  that  a  large  amount  of  fundamental  research  on  staining 
operations  is  necessary  in  order  that  this  important  phase  of 
their  work  may  be  based  upon  a  secure  scientific  foundation. 

Utilization  of  Furfixral 

When  it  became  evident  some  little  time  ago  that  it  was  possible 
to  produce  furfural  in  considerable  quantities  from  corncobs 
and  other  agricultural  wastes,  the  question  arose  as  to  whether 
this  interesting  compound  could  be  used  to  advantage  in  the 
dye  industry.  Several  dyes  of  representative  types  were  pre- 
pared. Those  of  the  triphenylmethane  group,  wherein  the  fur- 
fural was  used  as  a  substitute  for  benzaldehyde,  proved  to  be 
extremely  fugitive  to  light.  In  fact,  the  only  dyes  which  were 
not  fugitive  were  yellow  and  brown  sulfur  dyes,  which  had  no 
superiority  over  well-known  dyes  of  similar  shade.     When  it 


was  shown  that  furfural  was  not  suitable  as  an  intermediate 
for  dyes,  the  problem  resolved  itself  into  one  of  finding  another 
field  wherein  furfural  could  be  used  to  advantage.  At  present 
the  most  promising  uses  of  this  compound  seem  to  be:  (1)  for 
the  production  of  phenol  condensation  products  of  the  type  of 
Bakelite  and  Redmanol  wherein  the  furfural  is  used  in  place  of 
formaldehyde;  (2)  for  the  production  of  resins  by  condensation 
with  amines,  thereby  producing  soluble  resins  which  may  possibly 
have  a  use  in  the  paint  and  varnish  industry;  and  (3)  for  the 
preparation  of  paint  and  varnish  removers  wherein  the  peculiar 
solvent  properties  of  this  compound  are  utilized. 

Synthetic  Thymol 

In  the  sulfite  paper  pulp  process  there  is  produced  as  a  by- 
product a  considerable  quantity  of  /)-cymene  or  "spruce  turpen- 
tine." One  million  gallons  of  this  hydrocarbon  are  allowed 
to  go  to  waste  each  year  in  the  United  States.  There  has  been 
developed  in  this  laboratory  a  process  for  the  production  of 
thymol  from  this  material,  and  an  endeavor  is  being  made  to 
test  out  the  process  for  the  production  of  this  valuable  anthel- 
mintic on  a  large  scale.  The  reactions  employed  are  those 
commonly  used  in  dye  chemistry,  such  as  sulfonation,  nitration, 
reduction,  diazotization,  and  alkali  fusions.  A  public  service 
patent  dedicated  to  the  people  of  the  United  States  for  their 
free  use  has  been  obtained  for  this  process. 

Publications  of  the  Color  Laboratory 

Reports  of  the  results  obtained  with  other  problems  investi- 
gated in  this  laboratory  have  been  published  from  time  to  time 
and  a  list  of  these  publications  may  be  obtained  upon  application 
to  the  author. 
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The  Appraisal  of  Chemical  Invention' 


By  D.  B.  Keyes 


U.  S.  Industrial  Axcohol  Co.,  New  York,  N.  Y. 


INVENTORS  do  not  have  an  easy  time  when  they  undertake 
to  sell  their  inventions  to  a  corporation.  The  inventor  can 
appraise  his  process  as  easily  and  as  accurately  as  the  cor- 
poration, once  he  understands  the  principles  of  such  an  analysis, 
and  this  appraisal  would  be  of  great  help  to  him  in  his  work.  It 
has  been  the  writer's  privilege  to  investigate  a  great  many 
chemical  inventions,  and  ideas  developed  by  this  experience 
may  be  of  interest  to  the  reader. 

The  new  process  is  a  financial  gamble,  no  matter  how  glorious 
its  future  may  seem  to  the  inventor.  The  agent  of  capital  con- 
fiues  his  investigation  to  two  fundamental  questions — what  is 
the  financial  risk,  and  what  is  the  probable  financial  return? 

Patent  Situation 

The  corporation  buys  not  only  an  idea,  but  also  protection 
for  the  idea.  An  idea  that  any  competitor  may  appropriate 
later  and  use  is  of  very  little  value.  The  only  legal  monopoly 
recognized  by  the  United  States  is  a  patent  monopoly.  The 
inventor  should  have  a  strong  patent  situation  to  sell  as  well 
as  his  process. 

A  patent  protects  the  inventor  against  the  unscrupulous  manu- 
facturer who  wishes  to  appropriate  the  idea;  and  a  patent  also 
protects  the  corporation  against  the  unjust  claims  of  a  mis- 
guided inventor  who  believes  he  has  been  robbed.  It  is  much 
more  satisfactory  for  both  sides  to  have  the  invention  patented. 
The  appraisal  of  a  patent,  as  indicated  below,  will  give  in  itself 
a  fairly  clear  idea  of  the  value  of  the  process. 

Many  things  must  be  looked  for  in  a  patent  situation,  but  only 
the  common  weak  points  will  be  described  here.  Often  the 
patent  lawyer  who  drew  up  the  patent  application  knew  no 
chemistry  and  the  inventor  knew  no  patent  law — a  disastrous 
combination.  The  patent  claims  may  be  too  narrow.  Very 
few  inventors  realize  at  once  the  full  meaning  of  their  invention, 
and  the  extent  of  its  application.  Broad  and  accurate  patent 
claims  are  the  result  of  extensive  research  work  and  thought. 
There  are  many  ways  in  which  the  patent  claims  can  be  narrow, 
two  of  which  are  very  common.  The  first  is  the  long  claim 
which  is  fuU  of  detailed  description.  Value  and  length  of  claims 
vary  with  the  inverse  ratio  of  one  another.  The  second  common 
fault  is  the  failixre  to  claim  the  use  of  chemical  types  in  a  process 
in  contrast  to  specific  chemicals.  In  a  patent  on  a  process  using 
chlorine  it  would  be  well  to  claim  the  use  of  halogens,  providing 
they  would  work.  In  case  the  chlorine  was  used  as  an  oxidizer, 
other  oxidizing  agents  should  be  tried,  and  if  they  also  work 
claims  covering  oxidizing  agents  should  be  added.  Misstate- 
ments should  be  looked  for  in  the  patent  specification,  because 
they  may  render  the  patent  invalid.  Misstatements  in  theory 
are  not  important,  but  misstatements  in  fact  caused  by  careless 
research  work  or  lack  of  understanding  between  lawyer  and  in- 
ventor are  fatal.  No  essential  detail  should  be  concealed. 
Several  well-known  United  States  patents  taken  out  by  foreigners 
have  proved  to  be  valueless  because  important  features  were 
left  out;  the  inventors  expected  to  cheat  the  public  and  at  the 
same  time  keep  their  monopoly.  Ample  ranges  of  temperature, 
concentration,  and  pressure  must  be  specified,  otherwise  a 
competitor  may  get  a  foothold  and  seize  profits  that  do  not 
belong  to  him.  Care  must  be  taken  not  to  claim  too  much, 
OS  it  is  sometimes  foimd  that  the  example  worked  out  is  an 

'  Received  April  28,  1923. 


exception  and  not  one  of  a  series.  Some  lawyers  try  to  crowd 
into  a  few  claims  the  entire  invention,  but  it  is  a  very  narrow 
invention  that  can  be  treated  adequately  in  this  manner.  The 
patent  or  patents  should  contain  a  clear  statement  of  just  what 
the  inventor  has  produced,  and  the  form  should  be  in  accordance 
with  good  patent  law  practice. 

The  general  patent  situation  must  be  examined  as  well  as  the 
patent.  A  patent  may  be  valid  and  cover  accurately  a  worth- 
while invention  and  still  be  of  little  value.  It  may  be  an  im- 
provement on  a  process  patented  by  someone  else.  A  valid 
patent  owned  by  one  oil  company,  covering  an  improvement  on 
the  cracking  process  owned  and  patented  by  another  oil  com- 
pany, cannot  be  used  by  the  former  without  the  permis^on  of 
the  latter.  It  is  also  true  that  the  second  company  cannot  use 
this  improvement,  but  it  can  operate  its  own  and  probably  can 
acquire  the  improvement  for  a  comparatively  small  sum.  A 
thorough  literatiue  search   will   disclose   this  condition. 

Another  case  that  frequently  occurs.  The  inventor  has  a 
valid  basic  patent  covering  his  process,  but  his  process  is  de- 
pendent upon  a  raw  material  whose  process  of  manufacture  is 
covered  by  a  patent  controlled  by  some  one  else.  The  inventor 
has  two  choices — he  can  either  invent  a  new  and  better  process 
of  manufacture  of  this  raw  material,  or  he  can  come  to  some  agree- 
ment with  the  owner  of  the  patent.  If  he  does  nothing  the  value 
of  his  invention  is  small.  In  Canada  at  present,  one  concern 
controls  the  patents  on  the  practical  means  of  synthesizing 
acetaldehyde.  It  would  be  unwise  for  another  Canadian  con- 
cern to  pay  a  large  sum  for  a  process  involving  the  use  of  large 
amounts  of  acetaldehyde  before  finding  out  what  arrangements 
could  be  made  with  the  manufacturers  of  this  uncommon  raw 
material.  Quite  often  the  sole  manufacturer  of  a  patent-pro- 
tected chemical  is  very  fair  and  sensible,  showing  no  tendency 
to  gouge  the  buyer,  but  this  is  not  always  the  case. 

Another  type  of  a  weak  patent  situation  is  common.  The 
inventor  has  produced  a  chemical  for  which  there  is  only  one 
buyer. 

The  Process 

The  economics  of  the  process  is  of  course  as  important  as 
the  patent  situation. 

Raw  Material — The  raw  material  should  be  cheap  and 
standard  in  price.  Chemicals  made  from  caustic  alkali,  sulfuric 
acid,  alcohol,  etc.,  find  more  favor  with  the  chemical  manu- 
facturers than  chemicals  made  from  phenyl  hydrazine,  ethylene 
glycol,  diacetone  alcohol,  etc.  The  same  argument  applies  to 
raw  materials  that  are  constantly  varying  in  price.  Even  such 
stable  commodities  as  com  vary  so  much  in  price  that  at  times 
acetone  and  butyl  alcohol,  which  are  made  from  this  material, 
are  not  very  profitable.  The  raw  material  must  be  easily  avail- 
able and  not  widely  scattered. 

Yields — Yields  or  efiiciency  figures  should  be  scrutinized 
with  great  care  in  order  to  find  out  exactly  what  they  signify. 
Conversion  factors  and  over-all  yields  should  be  clearly  differ- 
entiated. The  former  is  not  necessarily  important,  as  a  low 
factor  may  signify  that  the  remainder  goes  through  untouched 
and  can  be  sent  through  again  at  a  very  small  cost.  Figures 
should  be  given  based  on  the  most  costly  raw  material.  In 
fact,  the  yields  must  be  calculated  on  each  raw  material  in 
order  to  estimate  the  total  cost.  A  large  allowance  for  possible 
inaccuracy  in  yields  should  be  made  in  every  case. 
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Apparatus — The  inventor  should  be  in  a  position  to  show 
the  process  in  operation,  but  not  necessarily  on  a  commercial 
scale.  The  strongest  sales  argument  possible  is  a  working 
successful  process.  The  corporation  agent  wants  to  see  the 
facts  with  his  own  eyes.  He  wants  to  take  his  own  data  and 
possibly  operate  the  process  himself.  Some  apparatus  just 
beyond  the  laboratory  scale  is  all  that  is  necessary  to  convince 
one  of  the  probable  yields  and  to  give  a  fair  idea  of  costs.  Data 
showing  yields  of  previous  similar  processes  are  worth  having. 
The  time  necessary  for  the  whole  operation  should  be  considered. 
It  is  difficult  to  predict  the  performance  of  large-scale,  standard 
apparatus  using  a  new  process  from  laboratory  results,  and  it 
is  impossible  to  predict  what  a  new  and  novel  apparatus  is  going 
to  do  when  enlarged  appreciably.  The  new  invention  approaches 
perfection  from  the  practical  standpoint  if  the  separate  steps 
are  well  known  and  can  be  carried  out  in  standard  apparatus. 

One  of  the  best  ways  to  consider  the  practicability  of  a  process 
and  an  apparatus  is  to  consider  them  from  the  operator's  view- 
point. Picture  each  operation  in  the  mind  and  look  for  trouble. 
The  general  manager  of  a  plant  once  insisted  that  a  fractionating 
column  should  be  cut  in  two  parts  because  it  seemed  so  tall  that 
repairs  would  be  difficult.  The  column  was  built  as  he  directed 
and  the  first  repairs  were  made  on  the  bottom  plate  of  the  bottom 
section.  His  opinion  was  justified.  Complicated  and  delicate 
apparatus  should  never  be  connected  directly  with  a  crude, 
rough-going  apparatus;  the  delicate  mechanism  will  soon  be 
thrown  out  of  operation.  The  apparatus  should  have  "uni- 
versal joints"  or  reservoirs  between  separate  operations  in  order 
to  take  up  temporary  "slack."  Low-speed  machines  are  usually 
preferable  to  those  of  high  speed. 

The  great  question  of  whether  to  use  men  or  machinery  is 
very  complicated.  It  is  best  to  start  with  men  and  slowly 
replace  them  with  thoroughly  tested  machinery.  Unfortu- 
nately, there  is  little  literature  at  present  that  will  guide  one  in 
the  pi^oper  selection  of  chemical  apparatus.  Experience  alone 
must  be  relied  on  when  it  comes  to  criticizing  an  apparatus 
layout. 

By-products  and  Materials — By-products  should  be 
closely  scrutinized,  not  only  for  their  market  conditions  or 
commercial  value,  but  also  for  the  cost  of  disposal  if  they  are 
valueless.  State  laws  concerning  industrial  waste  disposal  are 
growing  more  numerous  and  more  rigid,  and  the  subject  is 
attracting  national  interest. 

Inside  the  plant  the  by-products,  or  the  materials  in  opera- 
tion, may  cause  trouble  due  to  a  corrosive,  or  highly  poisonous 
character.  Trouble  means  added  cost.  The  men  operating 
a  phosgene  plant  must  be  paid  more  than  those  operating  a 
rock  crusher.  In  a  dyeing  operation  an  attempt  was  made  to 
replace  acetic  acid  with  formic  acid;  it  failed  because  of  the  added 
cost  of  handling  the  formic  acid. 

Any  material  in  the  process  that  has  a  tendency  to  gum  up 
the  operation  and  break  up  the  continuity  should  be  carefully 
considered,  because  shutdowns,  delays,  and  repairs  often  cost 
much  more  than  raw  materials.  A  certain  process  required 
the  multiple  effect  evaporation  of  a  sirup.  The  evaporators 
would  run  continuously  for  sixteen  hours  on  this  material  and 
then  had  to  be  shut  down  for  cleaning.  The  cleaning  required 
five  or  six  hours.  This  time  should  be  added  to  the  sixteen 
hours  in  any  cost  calculations. 

Product 

In  considering  the  product,  the  first  question  is  whether  it 
is  old  or  new.  If  the  product  is  old  and  standard,  the  estima- 
tion of  its  probable  market  is  much  simpler  than  if  the  product 
is  new  and  unique.  The  sales  promotion  and  development  of 
a  new  chemical  is  a  costly  and  hazardous  undertaking.  Adver- 
tising applied  to  chemicals  is  still  in  a  very  crude  state — one 
needs  only  to  glance  over  the  pages  of  a  chemical  trade  journal 
to  appreciate  this  fact.     It  is  not  unusual  to  find  that  a  new 


chemical  product  was  visualized  or  invented  in  ten  minutes, 
that  it  took  ten  months  to  put  it  on  a  production  scale,  and  ten 
years  to  obtain  a  satisfactory  market  for  it.  Ethyl  acetoacetate 
has  been  known  to  chemists  for  fifty  years;  about  three  years 
ago  a  new  and  better  method  was  invented  for  its  manufacture; 
a  year  later  it  was  manufactured  for  the  first  time  in  a  semi- 
commercial  unit  in  this  country;  but  it  was  only  recently  that 
this  well-known  chemical  found  a  real  market  here.  The  in- 
ventor who  has  a  process  for  the  synthesis  of  glycerol  will  re- 
ceive more  attention  than  the  inventor  of  a  process  for  the 
synthesis  of  ethylene  glycol. 

The  specifications  of  the  product  are  often  vital,  a  fraction 
of  one  per  cent  of  certain  impurities  may  cut  the  value  of  the 
product  in  half.  Ethyl  alcohol  free  from  water  is  entirely  differ- 
ent in  its  properties  from  a  96  per  cent  ethyl  alcohol.  A  small 
percentage  of  sodium  or  potassium  in  metallic  magnesium  ruins 
the  latter's  resistance  to  corrosion.  Cases  also  occur  in  which 
the  so-called  impurity  has  been  found  to  be  absolutely  necessary; 
alloys  are  good  illustrations. 

Some  products  sell  well  only  during  certain  seasons  of  the  year. 
This  means  added  cost  of  storage  and  investment,  and  should 
be  carefully  investigated.  Market  conditions  for  the  particular 
product  may  show  a  definite  trend.  Production  figures  and 
prices  over  several  years  should  be  known. 

More  consideration  is  necessary  if  the  probable  competitor's 
chief  product  is  this  chemical,  than  if  this  chemical  is  only  one 
product  among  many  manufactured  by  the  competitor.  The 
question  is — what  resistance  will  there  be  to  the  corporation's 
entry  into  the  field?  The  manufacturers  of  potash  in  America 
have  found  out  how  much  the  foreign  producers  valued  the 
American  market,  and  the  lengths  they  would  go  to  keep  it. 

Before  approaching  a  corporation  an  inventor  should  know 
the  cor[joration's  field  of  activity.  There  is  small  chance  of 
the  corporation  taking  up  some  invention  that  is  only  remotely 
connected  with  its  business.  Transportation  requirements  for 
the  particular  chemical  are  of  interest.  Inflammable  liquids, 
poisons,  and  very  valuable  materials,  for  example,  have  their 
special  transportation  costs. 

Oftentimes  the  product  is  subject  to  specific  laws  and  regula- 
tions. This  red  tape  means  added  cost.  The  manufacturer 
of  industrial  alcohol  is  subjected  to  every  indignity  known  to 
man  and  the  customer  must  pay  for  this  foolishness,  even  though 
alcohol  is  one  of  the  three  greatest  raw  materials  used  in  the 
chemical  industry. 

The  Bureau  of  Foreign  and  Domestic  Commerce  armounces 
the  appointment  of  Ralph  H.  Ackerman  as  commercial  attache 
at  Santiago.  Chile.  Mr.  Ackerman,  who  has  been  chief  of  the 
Latin-American  Division  of  the  bureau  for  nearly  two  years,  is 
planning  to  leave  Washington  for  his  new  post  about  September  1 . 
Mr.  Ackerman  has  been  closely  associated  with  Latin-American 
trade  for  many  years.  He  was  for  some  time  a  representative  in 
Argentina  of  the  Southern  Railroad  System,  and  later  represented 
numerous  manufacturers  in  Buenos  Aires.  Subsequent  to  this 
he  had  wide  experience  as  manager  of  export  commission  houses 
in  New  York  and  Philadelphia.  His  extensive  knowledge  of  the 
Latin-American  republics  and  of  the  trade  problems  presented  by 
them  has  been  gained  through  long  residence  in  those  countries 
and  close  association  with  their  people. 

The  personnel  of  the  field  expedition  that  is  to  investigate  rub- 
ber possibilities  in  the  Philippines,  in  behalf  of  the  Department  of 
Commerce,  is  as  follows: 

C.  F.  Vance,  of  Troy,  Ohio,  Special  Agent,  is  in  charge  of  the 
expedition.  Mr.  Vance  has  had  fifteen  years'  experience  in  the 
Philippines  and  is  thoroughly  conversant  with  the  small  rubber 
plantation  situation  in  the  islands.  Mr.  Vance  will  be  assisted 
by  Alex  H.  Muzzal,  of  Carpinteria,  Calif.,  a  practical  rubber 
plantation  man  who  has  for  many  years  been  connected  with  the 
Goodyear  plantations  in  Sumatra;  by  John  P.  Bushnell,  of 
Washington,  D.  C,  Assistant  Trade  Commissioner  of  the  De- 
partment of  Commerce,  who  has  been  connected  with  rubber 
investigation  activities  of  the  department  since  its  inception; 
and  by  Mark  Baldwin  of  the  Bureau  of  Soils,  Department  of 
Agriculture 
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Edward  Hart 

In  1874  there  came  to  Lafayette  College  as  professor  of  analyt- 
ical chemistry,  Thomas  M.  Drown,  later  president  of  Lehigh 
University.  With  him  there  came  as  his  assistant  a  young 
Quaker  from  Doylestown,  Pa.,  by  the  name 
of  Edward  Hart.  According  to  his  own  re- 
port, he  was  as  verdant  as  any  of  the 
freshmen  and  he  was  immediately  chris- 
tened into  the  collegiate  family  as  "Buddy," 
and  Buddy  Hart  he  still  remains  after  fifty 
years,  although  the  tints  of  the  spring  of 
life  have  changed  to  those  of  autumn.  As 
an  indication  of  his  virility,  his  versatility, 
and  even  of  his  friendliness,  the  nickname 
was  very  happily  chosen. 

Under  his  great  teacher  he  certainly 
sprouted  out  m  a  variety  of  directions. 
Not  satisfied  with  his  knowledge  of  organic 
chemistrj',  in  1876  he  applied  for  a  fel- 
lowship at  the  newly  started  Johns  Hop- 
kins University.  Dr.  Remsen  must  have 
scanned  young  Hart  more  carefully  than 
he  did  his  college  diploma,  for  the  latter 
was  nonexistent;  but  however  that  may 
be,  Edward  Hart  was  given  the  fellowship 
and  he  kept  it  for  two  years  and  received 
his  doctorate  into  the  bargain. 

This  was  in  1879,  but  John  Wiley  had  Edwa 

published  his  first  book,  entitled  a  "Hand- 
book of  Volumetric  Analysis,"  in  1878.  His  first  paper  was 
published  in  the  American  Chemist  in  1875,  a  second  appeared 
in  the  same  journal  in  1876,  and  one  appeared  in  the  Chem- 
ical News  in  the  same  year.  Dr.  Drown  resigned  in  1881  and 
Dr.  Hart  was  then  made  assistant  professor  in  charge  of  the 
department,  with  the  magnificent  salary  of  $1200.  As  a  pos- 
sible explanation  of  the  size  of  his  salary,  it  must  be  recalled 
that  Dr.  Hart  was  without  his  collegiate  degree  and  this  con- 
stituted a  certain  defect  in  the  eyes  of  President  Cattell.  This 
defect  in  Dr.  Hart  was  fortunately  not  entirely  irremediable, 
so  the  college  gave  him  the  anomalous  degree  of  honorary  bachelor 
of  science.  Thus,  he  is  an  alumnus  without  any  classmates — 
a  sort  of  B.S.  Extraordinary! 

It  was  at  this  time  that  President  Tuttle  of  Wabash  College 
offered  him  a  professorship,  which  he  considered  seriously. 
WTien  it  became  noised  abroad  that  he  was  considering  a  change 
of  base.  President  Cattell  came  to  him  with  an  offer  of  prefer- 
ment, both  in  rank  and  income,  which  he  could  quite  conscien- 
tiously do  now  that  Dr.  Hart  had  his  collegiate  degree. 

Another  reason  for  remaining  in  Easton  was  that  Dr.  Hart 
had  already  started  a  series  of  business  enterprises  which  were 
to  assist  in  supporting  his  rapidly  growing  family — he  has  had 
eight  children.  In  1881,  with  John  T.  Baker,  a  Lafayette 
graduate  of  1878,  he  began  to  make  refined  chemicals.  They 
were  without  experience  and  with  only  $500  capital,  but  they 
possessed  plenty  of  courage.  Renting  land  at  $10  per  year, 
they  put  up  rough  buildings,  erected  furnaces,  and  started  in  to 
manufacture  pure  hydrochloric  acid,  nitric  acid,  sulfuric  acid, 
and  ammonium  hydroxide.  After  two  years  their  capital  proved 
too  small  and  they  took  in  George  P.  Adamson,  of  the  class  of 
1884,  and  moved  the  plant  to  a  five-acre  plot  near  the  railroad. 
The  use  of  crude  nitric  acid  in  considerable  quantities  suggested 
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the  manufacture  of  the  acid  directly  from  sodium  nitrate,  and  this 
led  to  the  invention  of  the  Hart  boiler  and  condenser,  which  are 
still  widely  used.  Thus,  with  Dr.  Hart  as  silent  partner,  the 
firm  of  Baker  &  Adamson  was  started,  which  was  later  merged 
into  the  General  Chemical  Company,  and  which  in  turn  has 
merged  into  the  Allied  Chemical  &  Dye 
Corporation. 

Dr.  Hart  very  early  took  an  interest  in 
the  art  of  the  printer  and  used  a  small  foot- 
power  printing  press  in  connection  with  his 
teaching.  When  he  began  to  edit  the 
Journal  of  Analytical  and  Applied  Chem- 
istry he  found  trouble  in  getting  the  jour- 
nal out  on  time,  so  he  audaciously  decided 
to  be  his  own  printer  and  in  1887  he  en- 
gaged a  student  as  the  foreman  of  the  pro- 
posed company.  In  1893  Harvey  W.  Wiley, 
who  had  recently  become  president  of  the 
American  Chemical  Society,  requested 
Dr.  Hart  to  become  the  editor  of  the 
joiunal.  There  thus  started  an  intimate 
friendship  which  has  increased  with  the 
passing  years.  Taking  up  the  editorship. 
Dr.  Hart  f  oimd  but  two  articles  ahead  while 
there  were  six  numbers  in  arrears.  He 
unselfishly  gave  up  his  Journal  of  Analytical 
and  Applied  Chemistry  and  merged  it  with 
the  Society's  journal.  Dr.  Wiley  busied 
himself  in  getting  papers,  while  Dr.  Hart 
edited  and  printed  them.  In  1894  he  pub- 
lished the  first  volume  of  Dr.  Wiley's  "Principles  and  Practice 
of  Agricultural  Analysis,"  and  a  year  later  Dr.  Remsen  asked  to 
have  the  American  Chemical  Journal  printed  by  the  Chemical 
Publishing  Company.  From  this  company  there  later  developed 
the  Eschenbach  Printing  Company,  which  now  prints  all  of  the 
Society's  journals  as  well  as  several  other  important  technical 
publications.  Dr.  Hart  gave  up  the  editorship  in  1901,  but  he 
has  remained  an  associate  editor  of  the  Journal  of  the  American 
Chemical  Society. 

The  growth  of  the  chemistry  department  of  the  college  under 
Dr.  Hart  was  continuous.  From  a  few  rooms  in  Pardee  Hall, 
the  department  moved  to  a  building  of  its  own,  Jenks  Hall,  which 
was  soon  outgrown.  In  1902  a  commodious  new  building  was 
provided  by  James  Gayley,  himself  a  graduate  of  the  depart- 
ment in  the  class  of  1876  and  a  Perkin  medalist.  Mr.  Gayley 
secured  from  Henry  W.  Oliver  $5000  to  endow  the  chemical 
librarj'.  In  1918  friends  of  Dr.  Hart  raised  $10,000  to  endow 
the  Edward  Hart  Research  Fellowship,  as  a  tribute  to  his  great 
ser\-ice  in  building  up  chemistry  in  America.  Although  Dr. 
Hart  retired  from  the  direction  of  the  chemistry  department  in 
1916,  he  has  retained  the  title  of  professor  of  chemical  engineer- 
ing and  in  a  few  months  he  will  have  completed  a  round  fifty 
years  of  service  as  a  teacher. 

Dr.  Hart  possesses  great  originality  together  with  boimdless 
energy;  but  modesty  in  regard  to  his  own  attaimneuts  and 
kindliness  are  even  more  characteristic  of  his  later  years.  Still 
working  on  important  industrial  problems,  such  as  the  recovery 
of  potash  from  greensand,  much  of  his  time  is  given  to  civic 
work  and  to  the  improvement  of  the  farm  which  he  has  recently 
developed.  Dr.  Hart's  readings  in  old  agricultural  literature 
are  perhaps  the  most  extensive  qf  any  in  the  country.  He  is 
thoroughly  acquainted  with  all  the  early  authors,  especially  the 
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Latin  and  early  English  writers.  His  library  is  rich  in  this 
literature,  and  he  has  drawn  a  great  inspiration  therefrom,  which 
is  reflected  in  his  little  volume  "My  Farm  in  Cedar  Valley." 
One  may  be  a  thorough  theoretical  chemist,  a  fine  practical  chem- 
ist, and  an  adept  in  chemical  technology,  and  still  retain  the 
love  of  the  fields  and  the  forests. 

To  his  friend,  Harvey  W.  Wiley,  we  owe  this  intimate 
characterization : 

To  my  mind,  Dr.  Hart's  personality  is  one  of  the  most  charm- 
ing of  the  chemists  that  I  have  intimately  known.  It  is  always 
a  joy  to  be  with  him  and  hear  his  discussions  on  chemistry  and 
chemical  technology.***  One  of  Dr.  Hart's  particular  character- 
istics is  his  hospitality.  He  is  the  very  genius  of  hospitality. 
It  comes  so  evidently  from  the  heart  that  one  cannot  fail  to  ap- 
preAate  the  privilege  of  being  his  guest.  If  he  had  devoted  his 
whole  time  to  manufacturing  instead  of  to  teaching  he  would 
certainly  have  been  a  millionaire.  He  has  a  remarkable  in- 
stinct for  technics  and  love  of  manufacturing.  He  is  a  very  good 
business  man  in  many  other  respects.  *  *  *  One  of  the  great  charms 
of  Dr.  Hart  is  his  conversational  ability.  I  sit  with  him  for  hours 
and  we  discuss  chemical  and  agricultural  problems  to  my  great 
delight.***  He  is  also  a  natural  collector  of  antiques,  especially 
in  chemical  literature,  and  gets  a  great  deal  of  comfort  by  in- 
dulging this  habit  of  seeking  what  is  rare  and  difficult  to  find. 
Dr.  Hart  has  a  keen  sense  of  humor,  a  very  delightful  memory 


of  the  men  he  has  met  in  his  chosen  profession  and  of  the  im- 
pressions of  travel  which  he  has  received. 

Chemists  spend  so  much  time  in  laboratory  and  study  that  it 
is  particularly  pleasant  to  present  evidence  of  generous  pub- 
lic service.  Dr.  Hart  was  for  two  years  a  member  of  the 
Common  Council  of  Easton  and  a  member  of  the  Highway 
Committee.  He  has  been  chairman  of  the  Easton  City  Planning 
Commission  since  1906.  He  has  been  three  times  president 
of  the  Northampton  County  Historical  Society.  He  has  been 
president  of  the  Easton  Motor  Association,  trustee  of  the  Easton 
Board  of  Trade,  and  in  1912  he  was  candidate  for  Congress  on  the 
Progressive  ticket.  Although  a  practical  printer,  he  advocates 
the  use  of  the  metric  system  in  printing. 

K  Along  with  his  other  work  Dr.  Hart  has  written  several  text- 
books and  considerable  verse  of  a  humorous  or  sentimental 
character.  His  description  of  "The  Hobo"  is  certainly  not 
autobiographical : 

1  think  some  evil  molecules 

Must  in  my  system  lurk 
I  really  am  not  lazy 

1  just  don't  like  to  work. 

Eugene  C.  Bingham 


Personals 


John  P.  Harris,  who  for  the  past  four  years  has  been  engaged 
in  the  practice  of  chemical  engineering  at  Chicago  and  Kansas 
City,  specializing  on  edible  oil  and  packing  house  work,  has  been 
appointed  director  of  the  Bureau  of  Practical  Research  of  the 
Institute  of  American  Meat  Packers,  Chicago,  111. 

E.  J.  Casselman  has  resigned  his  position  with  the  Westing- 
house  Electric  &  Manufacturing  Company  to  accept  a  fellowship 
in  ceramics  at  the  Mellon  Institute. 

Leslie  C.  Beard,  Jr.,  has  resigned  his  position  as  instructor  in 
chemistry  at  Johns  Hopkins  University  to  become  a  chemist 
for  the  Standard  Oil  Company  of  New  York. 

William  W.  Bray,  who  received  the  degree  of  master  of  science 
from  the  Massachusetts  Institute  of  Technology  in  June,  is  now 
connected  with  the  chemical  division  of  the  Procter  &  Gamble 
Co.,  Ivorydale,  Ohio.    . 

Carl  Henlein,  formerly  in  the  color  and  dye  research  labora- 
tories of  the  Ault  &  Wiborg  Co.,  Cincinnati,  Ohio,  has  taken 
charge  of  the  Kentucky  Color  &  Chemical  Co.,  Louisville,  Ky. 

Raphael  Rosen,  fellow  at  Clark  University  and  Ph.D.,  Feb- 
ruary, 1923,  has  joined  the  research  staff  of  the  Standard  Oil 
Company  of  New  York. 

Earle  G.  McConnel  resigned  as  chemist  with  the  Knoxville 
Water  Department,  Knoxville,  Tenn.,  to  accept  the  position  of 
superintendent  of  filtration  with  the  Charlotte  Water  Works, 
Charlotte,  N.  C. 

Luther  T.  Garey,  who  graduated  from  the  University  of 
Illinois  in  June,  has  accepted  a  position  in  the  research  labora- 
tory of  the  Standard  Oil  Co.,  Whiting,  Ind. 

Charlotte  L.  Messier,  who  for  the  past  two  years  has  been  in 
the  employ  of  the  A.  O.  Smith  Corp.,  Milwaukee,  Wis.,  has 
recently  accepted  a  position  with  the  Roessler  &  Hasslacher 
Chemical  Co.,  Perth  Amboy,  N.  J. 

Aladar  Jendrassik,  a  chemical  engineer  attached  to  the  staff 
of  the  Polytechnical  Institute  of  Budapest,  has  been  inspecting 
the  chemical  laboratories  in  Washington. 

Lawrence  W.  Trowbridge  has  resigned  his  position  as  chemical 
engineer  in  the  laboratory  of  the  Babcock  &  Wilcox  Co.,  Bay- 
onne,  N.  J.,  and  has  entered  the  employ  of  the  International 
Engineering  Works,  Inc.,  Framingham,  Mass. 

E.  B.  Brown,  who  during  the  past  two  years  has  held  the 
National  Tuberculosis  Association  Fellowship  in  Organic  Chem- 
istry and  Biochemistry  at  Yale  University,  has  resigned  to 
accept  a  position  as  research  chemist  in  the  Fleischmann  Labora- 
tories. 

I.  K.  Phelps,  formerly  of  the  Bureau  of  Chemistry,  is  now 
engaged  in  research  and  development  work  for  the  Wamesit 
Chemical  Company  of  Lowell  and  Wamesit,  Mass. 


Sidney  H.  Keoughan  has  been  elected  chairman  of  the  board 
of  directors  of  the  Mutual  Oil  Co.,  Denver,  Colo.,  operating  oil 
refineries.     He  was  formerly  vice  president  of  the  company. 

Francis  B.  Davis,  Jr.,  for  some  years  an  employee  of  the 
du  Pont  Company,  has  been  made  general  manager  of  the  Pyralin 
Department.  R.  W.  Brokaw  has  been  advanced  to  the  position 
of  assistant  general  manager. 

F.  C.  Biimall  has  resigned  his  position  with  the  United  Light 
&  Railways  Company  to  accept  an  appointment  as  research 
and  combustion  engineer  with  the  Standard  Sanitary  Manu- 
facturing Co.,  Pittsburgh,  Pa. 

B.  H.  Knight  and  John  Clarke,  who  were  for  several  years 
associated  with  the  late  Parker  C.  Mcllhiney,  and  who  were  in 
entire  charge  of  his  business  during  the  long  illness  which  pre- 
ceded his  death,  have  formed  a  partnership  to  continue  the 
practice  of  analytical  and  consulting  chemistry  at  50  East  41st 
St.,  New  York  City.  In  accordance  with  Doctor  Mcllhiney's 
wishes,  his  laboratory  has  been  turned  over  by  his  estate  to 
Messrs.  Knight  and  Clarke. 

E.  H.  Darby,  assistant  professor  of  chemistry  at  Union  Col- 
lege, has  resigned  to  accept  a  position  as  director  of  the  research 
laboratories  of  the  Rome  Wire  Co.,  Rome,  N.  Y. 

Lowell  H.  Milligan,  who  received  the  degree  of  doctor  of 
philosophy  in  chemistry  and  physics  in  June  at  Cornell  Uni- 
versity, has  taken  a  position  as  research  chemist  with  the  Norton 
Co.,  Worcester,  Mass. 

H.  J.  Knollman,  formerly  ceramic  engineer  with  the  Abrasive 
Co.,  Philadelphia,  is  now  employed  as  ceramic  engineer  and 
chemist  with  the  Pacific  Clay  Products  Co.  at  Los  Angeles,  Calif. 

W.  A.  McKnight,  formerly  connected  with  the  Aluminum 
Company  of  America,  has  accepted  the  position  of  vice  president 
and  general  manager  of  William  F.  Jobbins,  Inc. 

W.  M.  Weigel,  formerly  stationed  at  the  Southern  Station 
of  the  Bureau  of  Mines,  Tuscaloosa,  Ala.,  has  been  transferred 
to  the  Washington  office  and  will  succeed  Oliver  Bowles  as 
mineral  technologist. 

F.  W.  Zerban,  at  present  research  chemist  with  Pennick  & 
Ford,  Marrero,  La.,  will  succeed  Charles  A.  Browne  as  chemist 
in  charge  of  the  New  York  Sugar  Trade  Laboratory,  New  York 
City. 

R.  Norris  Shreve,  W.  Schmidtmann,  and  W.  P.  TenEyck  have 
organized  the  Ammonite  Company  in  New  York  for  the  manu- 
facture of  ammonium  salts. 

Edwin  S.  Cavett  has  resigned  from  the  employ  of  the  Amer- 
ican Leather  Oak  Co.,  Cincinnati,  Ohio,  to  engage  in  research 
on  the  tanning  of  sole  leather  with  E.  C.  Smoot  &  Sons,  North 
Wilkesboro,   N.   C. 
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International  Union  of  Pure  and  Applied  Chemistry 


The  International  Union  of  Pure  and  Applied  Chemistry  held 
its  fourth  annual  meeting  in  Cambridge,  England,  June  17  to 
20,  1923,  under  the  presidency  of  Sir  William  Pope.  The  meeting 
was  attended  by  delegates  from  twenty-one  countries  and  was 
one  of  the  most  successful  meetings  yet  held. 

Delegates  and  the  members  of  their  families  accompanying 
them  were  guests  of  the  university  and  the  colleges  during  the 
meeting.  The  cordial  reception  and  delightful  entertainment 
extended  to  them  by  their  English  colleagues  will  long  be  re- 
membered by  all  who  were  privileged  to  attend. 

The  business  sessions  of  the  council  and  the  general  assembly 
were  interspersed  with  scientific  sessions  at  which  papers  on 
topics  of  general  interest  were  presented.  These  papers  had  been 
printed  in  advance  of  the  meeting  and  copies  were  placed  in 
the  hands  of  the  delegates.  Extended  discussion  followed  the 
presentation  of  each  paper  and  this  feature  of  the  program  added 
greatly  to  the  interest  and  value  of  the  meetings.  The  following 
is  the  program  of  the  scientific  sessions:  "The  Nature  of  Soap 
Solutions,"  by  J.  W.  McBain;  "Recent  Developments  in  Contact 
Catalysis,"  by  E.  K.  Rideal;  "New  Aspects  of  Tautomerism, " 
by  J.  F.  Thorpe;  and  "Chemical  Mechanisms  Involved  in  the 
Oxidations  Which  Occtu-  in  Li\Tng  Tissues,"  by  F.  Gowland 
Hopkins. 

On  Tuesday  a  special  session  of  the  Union  was  held,  at  which 
the  Patemo  Medal  was  conferred  on  F.  W.  Aston.  On  Wednesday 
at  a  special  congregation  of  the  university  the  degree  of  doctor 
of  science,  honoris  causa,  was  conferred  upon  the  following  dele- 
gates: Wilder  Dwight  Bancroft,  professor  of  chemistry  in  Cor- 
nell University;  Ernst  Julius  Cohen,  professor  of  chemistry  in 
the  University  of  Utrecht;  Albin  Haller,  president  of  the  Acad- 
emy of  Sciences  of  the  Institute  of  France;  Charles  Moureu, 
professor  of  chemistry  in  the  College  de  France;  Raffaelo  Nasini, 
professor  of  chemistry  in  the  University  of  Pisa;  Ame  Pictet, 
professor  of  chemistry  in  the  University  of  Geneva ;  and  Frederic 
Swarts,  professor  of  chemistry  in  the  University  of  Ghent. 

At  the  first  meeting  of  the  council  the  annual  address,  in 
which  the  work  of  the  Union  for  the  past  year  was  reviewed,  was 
given  by  the  president. 


The  business  sessions  of  the  council  and  of  the  general  assembly 
were  occupied  with  the  receipt  and  discussion  of  committee 
reports  and  resolutions.  The  fuU  report  of  the  business  trans- 
acted and  of  the  various  actions  taken  by  the  Union  will  appear 
in  the  Comptes  rendus  of  the  meeting  and  a  summary  thereof 
will  appear  in  a  later  issue  of  This  Journal  as  soon  as  the  official 
reports  are  available  from  the  office  of  the  secretary. 

The  admission  of  Brazil  as  a  member  of  the  Union  was  unani- 
mously approved  by  the  council,  the  application  for  admission 
having  come  from  the  Brazilian  government. 

On  invitation  from  the  Danish  delegates,  the  Union  voted  to 
hold  its  1924  meeting  in  Copenhagen. 

After  the  adjournment  of  the  Union  many  of  the  delegates 
remained  in  Cambridge  in  order  to  attend  the  sessions  of  the 
Society  of  Chemical  Industry,  which  held  its  armual  meeting 
the  latter  part  of  the  same  week. 

The  American  delegates  at  this  meeting  were  as  follows: 

Members  of  the  Council 
W.  D.  Bancroft,  Chairman  R.  E.  Swain 

E.  W.  Washburn,  Secretary  W.  A.  Noyes 

G.  N.  Lewis  J.  E.  Zanetti 

Members  of  the  General  Assembly 
Harold  Hibbert  M.  S.  Sherrill 

Paul  E.  Howe  Graham  Edgar 

V.  K.  La  Mer  a.  p.  Saunders 

A.  P.  Mathews  D.  S.  Chahberx,in 

W.  A.  Noyes,  Jr. 


Calendar  of  Meetings 


American  Chemical  Society — 66th  Meeting,  Milwaukee,  Wis., 

September  10  to  15,  192.3. 
American  Association  for  the  Advancement  of  Science — 77th 

Meeting,  Los  Angeles,  Calif.,  September  17  to  20,  192.3. 
Ninth    National    Exposition    of    Chemical    Industries — Grand 

Central  Palace,  New  York  City,  September  17  to  22,  1923. 
American    Electrochemical    Society — Fall    Meeting,     Dayton, 

Ohio,  September  27  to  29,  1923. 
American  Institute  of  Chemical  Engineers— Winter  Meeting, 

Washington,  D.  C,  December  5  to  8,  1923. 


September,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


977 


NOTES  AND  CORRESPONDENCE 


Witnesses  in  the  Foundation  Suit 

Editor  of  Industrial  and  Engineering  Chemistry: 

It  seems  to  the  writer  that  there  should  be  recorded  a  list  of 
the  witnesses  who  testified  in  the  suit  of  the  United  States  Gov- 
ernment against  the  Chemical  Foundation  in  the  United  States 
District  Court  at  Wilmington,  the  hearing  having  been  concluded 
July  23.  It  is  interesting  to  note  how  different  interests  were 
aligned  and  with  whom  those  concerned  preferred  to  class  them- 
selves.    The  following  were  called  by  the  Government: 

Karl  Holdermann,  director  of  Badische  Anilin  und  Sodafabrik 
Albert  M.  Patterson,  a  prominent  industrialist  and  president  of  the 
Textile  Alliance,  Inc. 

Harry  E.  Banner,  treasurer  of  the  American  Dyes  Institute 
Will  T.  Gordon,  formerly  an  attorney  in  the  Bureau  of  Investigation, 
Alien  Property  Custodian's  oflSce 

Frank  L.  Polk,  Undersecretary  of  State  1918-19 
Harry  S.  Brown,  of  the  Alien  Property  Custodian's  office 
W.  H.  Swenarton,  a  patent  attorney  at  one  time  in  the  Nitrate  Divi- 
sion, Army  Ordnance 

if-       G.  W.  Storck,  a  certified  public  accountant  of  the  Department  of 
Justice 

C.  R.  ParmelS,  president  of  the  Chinosol  Company,  manufacturing 
chemists 

Mrs.  Margaret  R.  Wilson,  of  the  Federal  Trade  Commission 
Harry  W.  Schmits,  an  accountant  in  the  Alien  Property  Custodian's 
office 

Herman  A.  Metz,  president  of  H.  A.  Metz  &  Company,  and  con- 
nected with  other  industrial  concerns 

Thomas  W.  Miller.  Alien  Property  Custodian  since  March  12,  1921 

These   witnesses  were  called  by  the  Government  in  rebuttal: 

H.  J.  Galloway,  special  assistant  to  the  Attorney  General 

Geo.  W.  McCoy,  director  of  the  Hygienic  Laboratory 

Walter  G.  Christiansen,  research  chemist  at  the  Harvard  Medical 
School 

Louis  Freedman,  research  chemist  with  H.  A.  Metz  &  Company 

William  O.  Emery,  Bureau  of  Chemistry 

H.  D.  GiBBS,  formerly  with  the  du  Pont  Company  and  now  with  the 
Hygienic   Laboratory 

Paul  A.  Blair,  a  patent  attorney  of  the  Bureau  of  Ordnance,  Navy 
Department 

Chester  N.  Myers,  chemist  with  H.  A.  Metz  &  Company 

The  witness  appointed  by  the  court  to  supervise  the  experiment 
of  Dr.  Freedman  was  Gellert  Alleman,  professor  of  chemistry 
at  Swarthmore. 

It  should  be  noted  that  several  of  the  witnesses  called  by  the 
Government,  including  Messrs.  Polk,  Patterson,  Danner,  and 
McCoy,  proved  disappointing  as  witnesses  for  the  prosecution, 
their  testimony  being  favorable  to  the  cause  of  the  Chemical 
Foundation. 

The  witnesses  for  the  Foundation  were  as  follows : 

A.  Mitchell  Palmer,  formerly  Alien  Property  Custodian 
Francis  P.  Garvan,  president  of  .the  Chemical  Foundation,  Inc. 
Joseph  H.  Choate,  Jr.,  attorney 

Ernest  H,  Volwilbr,  of  the  Abbott  Laboratories 

B.  W.  DoLD,  public  accountant 

Hbnry  B.  Thompson,  president  of  the  U.  S.  Finishing  Company 

Franklin  W.  Hobbs,  president  of  the  Arlington  Mills 

Frank  D.  Cheney,  president  of  Cheney  Brothers 

Andrew  W.  Imbrie,  treasurer  of  the  U.  S.  Finishing  Company 

Julius  Stieclitz,  University  of  Chicago 

William  W.  Bupfum,  auditor.  Chemical  Foundation,  and  formerly 
chief  accountant.  Alien  Property  Custodian's  office 

Charles  L.  Parsons,  consulting  chemist 

Alfred  H.  White,  professor  of  chemical  engineering.  University 
of  Michigan,  formerly  lieutenant-colonel  in  the  Nitrate  Division,  Army 
Ordnance 


Harry  A.  Curtis,  director.  Nitrogen  Survey  for  the  Department  of 
Commerce,  and  professor  of  chemical  engineering,  Yale  University 
James  F.  Stiles,  Jr.,  accountant  of  Abbott  Laboratories 
Elmer  K.   Bolton,  director  of  the  Chemical  Section  of  the  Dyestuffs 
Department,  du  Pont  Company 

Ernest  H.  Klipstein,  president,  E.  C.  Klipstein  &  Sons  Company 
T.  W.  Still,  treasurer,  E.  C.  Klipstein  &  Sons  Company 
M.  L.  CrosslEy,  chief  chemist,  Calco  Chemical  Company 
James  B.  Eliason,  comptroller,  du  Pont  Company 
M.  R.  PoucHER,  director  of  du  Pont  Company,  and  previous  to  1915 
vice  president  of  Badische  Company  of  New  York 

At  the  coimsel  table  for  the  Government  was  to  be  found 
H.  W.  Anderson,  special  attorney  in  charge  of  the  prosecution, 
and  among  his  assistants  were  H.  J.  Galloway,  District  Attorney 
Hughes,  Special  Patent  Counsel  Knight,  and  during  the  last 
few  days  of  the  trial  H.  D.  Gibbs  as  chemical  adviser. 

The  trial  coimsel  for  the  Foundation  was  Isidore  J.  Kresel, 
and  counsel  attending  were  W.  D.  Guthrie,  L.  H.  Boggs,  Ber- 
nard Hershkopf,  and  S.  M.  Stellwagen. 

It  wUl  probably  be  many  a  day  before  a  trial  of  equal  interest 
to  so  many  chemists  and  chemical  industries  engages  the  atten- 
tion of  our  coiu-ts,  and  the  individuals  who  are  prominent  in  it 
are  here  recorded  for  the  benefit  of  those  who  did  not  find  it 
possible  to  follow  the  developments  as  they  unfolded  day  by  day. 


103  Park  Ave. 

New  York,  N.  Y. 

August  15,  1923 


J.  Merritt  Mathews 


Viscosities  of  Sulfuric  Acid-Water 
Mixtures 

Editor  of  Industrial  and  Engineering  Chemistry: 

In  This  Journal,  IS,  850  (1923),  Rhodes  and  Barbour  state 
that  their  values  for  the  viscosities  of  sulfuric  acid-water  mixtures 
are  much  lower  than  those  of  Dimstan  and  Wilson  [/.  Chem. 
Soc.  (London),  91,  85T  (1907)].  In  the  case  of  an  84.5  per  cent 
acid,  Rhodes  and  Barboiu-  found  a  viscosity  of  20  centipoises, 
while  Dunstan  and  Wilson  foimd  a  viscosity  of  94  centipoises. 

In  an  investigation  of  the  fluidities  of  ternary  and  binary  mix- 
tiues  of  nitric  acid,  sulfuric  acid,  and  water  conducted  by  Dr. 
Bingham  and  myself,  the  same  difficulty  was  encoimtered.  We 
were  fortunate  enough  to  discover  a  later  article  by  Dunstan 
[  {Proc.  Chem.  Soc,  30,  104  (1914)]  in  which  he  states  that  a  con- 
stant numerical  error  was  present  in  all  his  values  for  sulfuric 
acid-water  mixtures.  The  values  given  should  therefore  be  mul- 
tiplied by  0.2325.  Applying  this  factor  to  the  case  of  the  84.5 
per  cent  acid,  Dimstan  and  Wilson's  value  is  reduced  to  21.8 
centipoises,  and  is  brought  in  much  better  agreement  with  the 
value  of  Rhodes  and  Barbour. 

Bradford  Stone 
Lafayette  College 
Easton,  Pa. 
August  7,  1923 


Atmospheric  Pollution  by  Industrial  Wastes 

In  the  paper,  published  in  This  Journal,  IS,  296  (1923),  the 
second  sentence  in  the  fifth  paragraph  on  page  298  should  read: 
"A  plant  will  endure  nearly  eight  times  the  concentration  of  sul- 
fur dioxide  at  10  per  cent  relative  humidity  that  it  will  in  a 
humid  or  moist  atmosphere." 

Robert  E.  Swain 
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WASHINGTON  NOTES 


Treasury    Department    Promulgates   Dye  Standards 

The  long-awaited  standards  of  strength  for  assessing  customs 
duties  on  coal-tar  products  imported  under  Paragraph  28  of 
the  Tariff  Act  of  1922  have  been  promulgated.  Tentative  stand- 
ards were  announced  last  May,  but  the  final  drafting  of  the  regu- 
lations was  delayed  pending  consideration  of  criticisms  and 
suggestions  received  and  a  report  from  the  customs  authorities. 
The  official  list  contains  an  initial  key  index,  indicating  the  name 
of  the  manufacturer  of  each  dye.  Selection  of  a  dye  as  of  stand- 
ard strength  does  not  guarantee  its  quality,  but  merely  indi- 
cates that  the  dye  has  been  selected  as  of  fixed  strength  for  the 
purpose  of  assessing  duties. 

Adjust  Your  Carburetors  and  Save  Gasoline 
Experiments  made  by  the  Bureau  of  Mines  on  the  fleet  of 
motor  trucks  used  by  the  Government  Fuel  Yard  indicate  that 
substantial  sa\'ings  may  be  made  in  gasoline  by  the  periodical 
adjustment  of  carburetors  based  on  the  results  of  analysis  of 
exhaust  gases  from  automobile  engines.  As  the  result  of  car- 
biuretor  adjustments  made  by  gas  analysis,  an  actual  increased 
eflBciency  in  mileage  and  saving  of  gasoline  amounting  to  22 
per  cent  was  attained.  The  tests  demonstrate  that  a  portable 
carbon  dioxide  indicator  for  testing  the  exhaust  gases  of  a  motor 
vehicle  gives  a  positive  indication  of  the  carburetor  adjustment, 
removes  all  guess  work  of  such  adjustment,  is  perfectly  feasible, 
and  is  almost  indispensable  to  a  company  having  ten  or  more 
large  trucks  in  service. 

Industrial  Alcohol  Regulation 
A  joint  committee,  representing  the  Alcohol  Trades  Advisory 
Committee  and  the  Prohibition  Unit,  has  completed  the  revision 
of  regulations  No.  60,  under  which  intoxicating  liquors  are  manu- 
factured, distributed,  and  used. 

Among  the  most  important  changes  in  the  proposed  regula- 
tions which  have  been  tentatively  agreed  upon,  is  one  which  will 
provide  that  permits  for  certain  classes  of  operations  when  once 
granted  may  continue  in  effect  until  revoked  or  suspended  for 
cause  or  surrendered  by  the  permittee.  Permits  to  manufacture. 
sell,  or  transport  will  continue  as  at  present  to  require  annual 
renewal  if  they  are  to  remain  operative,  but  after  the  new  regu- 
lations go  into  effect  the  basic  permits  for  other  classes  of  oper- 
ations will  not  require  such  annual  renewal.  It  is  expected 
also  that  the  new  regulations  will  define  more  clearly  than  the 
present  regulations  the  conditions  under  which  permit  privileges 
may  be  temporarily  suspended  or  permanently  revoked  by  the 
Prohibition  Commissioner. 

Among  other  important  changes  tentatively  agreed  upon 
may  be  mentioned  those  fixing  the  standards  for  flavoring  ex- 
tracts and  other  preparations;  stating  more  dearly  and  specif- 
ically the  requirements  as  to  records  and  reports  to  the  office 
by  persons  operating  under  permit;  and  making  more  definite 
and  specific  the  provisions  of  the  regulations  which  fix  the  quan- 
tity of  liquors  which  may  be  used  or  dealt  in  by  permittees. 

Platinum  Swindle 

The  Bureau  of  Mines  warns  the  public  to  scrutinize  carefully 
offers  of  stock  in  so-called  platinum-producing  companies  prof- 
fered by  unscruptJous  promoters.  Although  the  United  States, 
from  widely  scattered  sources,  produces  only  a  few  hundred 
ounces  of  platinum  a  year,  certain  promoters  have  made  ex- 
tremely fanciful  announcements  regarding  properties  claimed 
to  contain  platinum  in  commercial  quantities.  These  promoters 
bolster  their  claims  by  the  display  of  erroneous  assays,  which, 
in  some  instances,  have  reported  values  as  high  as  $25,000  worth 
of  platinum  to  the  ton.  In  one  instance,  the  assertion  was  made 
that  a  property  near  Yonkers,  N.  Y.,  contained  10,000,000  tons 
of  rock  bearing  this  precious  metal,  the  values  ranging  from 
$200  to  $600  per  ton — a  mere  bagatelle  of  from  two  to  four  billion 
dollars!  In  the  case  of  a  Seattle,  Wash.,  concern,  the  possession 
of  ore  containing  platinum  and  gold  "in  astonishing  quantities" 
was  heralded,  while  the  location  of  the  deposit  was  kept  secret, 
in  order  to  forestall  a  "mad  rush."  Numerous  samples  of  al- 
leged platinum-bearing  ores  from  various  properties  examined 
by  assayers  of  the  Bureau  of  Mines  at  Reno,  Nev.,  have  failed 
to  disclose  the  presence  of  platinum  in  appreciable  quantities. 
In  some  instances,  definite  evidence  has  been  obtained  of  the 
"salting"  of  samples  with  platinum  wire  and  foil. 


The  growing  seriousness  of  the  situation  created  by  unscrupu- 
lous promoters  of  alleged  platinum-producing  properties  has 
suggested  to  various  state  mining  officials  in  the  western  states 
the  necessity  of  taking  some  action  to  protect  the  public.  Legal 
prosecution  has  been  considered  but  not  hitherto  employed, 
owing  to  the  lack  of  sufficient  laws  to  reach  the  cases,  also  to  the 
difficulty  of  securing  evidence  of  the  necessary  character.  Legis- 
lative relief  has  been  considered  in  the  form  of  a  law  requiring 
the  licensing  and  examination  of  assayers,  and  the  so-called  "blue 
sky"  laws  have  also  been  considered  as  a  possible  remedy.  Little 
or  no  progress  has  been  made  toward  the  eradication  of  the  evil. 

The  Bureau  of  Mines  advises  persons  who  are  asked  to  specu- 
late in  a  platinum  property  to  let  it  alone  unless  the  purchaser 
is  prepared  to  go  to  the  expense  of  a  careful  examination  by  a 
competent  engineer. 

Tariff  Commission  Activities 

C.  R.  DeLong,  who  sailed  for  Europe  on  May  3,  returned  to 
the  United  States  on  August  21  and  brought  with  him  produc- 
tion costs  as  a  result  of  the  investigations  which  he  conducted 
on  the  following  chemicals  in  the  places  named :  barium  dioxide, 
linseed  oil,  cresylic  acid,  and  phenol  in  England;  barium  dioxide 
in  Germany;  diethyl  barbituric  acid  in  Switzerland;  linseed  oil 
and  oxalic  acid  in  Holland;  and  barium  dioxide  in  France.  He 
was  unable  to  obtain  production  costs  on  sodium  nitrite  in  Nor- 
way and  Germany  and  on  potassium  chlorate  in  Germany,  but 
valuable  general  information  was  procured.  These  figures  will 
be  tabulated  and  reports  prepared,  as  a  result  of  which  it  is 
probable  that  hearings  will  be  annoimced  shortly. 

The  Tariff  Commission  has  ordered  investigations  under  the 
flexible  provisions  of  the  tariff  of  the  rare  sugars,  amino  acid  and 
amino  salts,  not  of  coal-tar  origin,  and  of  magnesite  and  mag- 
nesite  brick,  and  has  set  October  1  to  hear  petitions  for  reduc- 
tion in  the  duties  on  magnesite.  Under  its  general  powers, 
irrespective  of  the  Tariff  Act,  the  Commission  has  announced 
that  a  general  survey  will  be  made  of  thymol,  including  thymol 
crystals.  It  has  just  issued  a  resume  of  its  findings  on  casein, 
which  gives  the  average  costs  of  production  in  this  country  and 
Argentine,  exclusive  of  the  skimmed  milk  costs. 

The  commission  has  postponed  until  September  a  decision 
on  the  application  for  a  reduction  in  the  duty  on  soy  bean,  coco- 
nut, peanut,  and  various  fish  oils. 

C.  H.  Penning  has  gone  to  Haiti  and  Jamaica  in  connection 
with  the  logwood  extract  investigation. 

W.  G.  Campbell  to  Be  Director  of  Regulatory  Work 
Walter  G.  Campbell,  at  present  acting  chief  of  the  Bureau  of 
Chemistry,  has  been  appointed  Director  of  Regulatory  Work  of 
the  Department  of  Agriculture,  a  new  position  created  by  Con- 
gress. Mr.  Campbell  will  assist  the  Secretary  of  Agriculture  in 
administering  the  law  enforcement  work  of  the  department. 
He  will  assume  his  new  duties  about  October  1.  Among  the 
regulatory  acts  of  which  Mr.  Campbell  will  have  general  super- 
visory administration  are  the  Food  and  Drugs  Act,  the  Insecti- 
cide and  Fungicide  Act,  and  the  Naval  Stores  Act. 

Leather  Specifications 

The  leather  section  of  the  Bureau  of  Standards  has  completed 
a  final  draft  of  specifications  covering  rawhide  for  vegetable- 
tanned  sole  leather.  These  specifications  were  prepared  for 
presentation  to  the  subcommittee  on  leather  of  the  Federal 
Specifications  Board.  The  approval  of  the  Tanners'  Councils 
committee  has  been  secured,  and  an  initial  draft  of  specifications 
for  three  grades  of  upholstery  leather  has  also  been  prepared. 
The  data  upon  which  these  specifications  are  based  have  been 
prepared  from  an  investigation  which  has  just  been  completed 
upon  upholstery  leather  samples  submitted  by  automobile 
manufacturers. 

Tires  from  Reclaimed  Rubber 

The  Bureau  of  Standards  has  placed  an  order  with  a  rubber 
company  for  the  making  of  fifty  tires,  using  various  amounts 
of  reclaimed  rubber  in  the  treads.  After  manufacture,  these 
tires  are  to  be  tested  in  the  laboratory  and  also  on  trucks  of  the 
Post  Office  Department  over  four  different  types  of  roads,  so 
that  the  relative  wear  of  the  different  compounds  can  be  de- 
termined. 
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Insulin 

The  most  outstanding  event  of  the  year  in  the  field  of  medical 
and  biochemical  research  has  been  the  development  of  the 
production  of  insulin  at  Toronto  University  and  its  application 
in  the  treatment  of  diabetes  the  world  over.  Much  progress 
is  being  made  in  the  Connaught  Antitoxin  Laboratories  at 
Toronto,  where  the  entire  Canadian  supply  is  being  produced 
under  the  direction  of  C.  H.  Best,  collaborator  with  Dr.  Banting, 
to  whom  the  discovery  is  due.  The  patents  for  Great  Britain 
are  being  handled  by  the  British  Medical  Research  Council; 
leading  experts  on  the  continent  of  Europe  and  in  Japan  have 
been  given  full  information  as  to  the  process,  and  large  firms 
are  being  licensed  in  the  United  States.  So  far  the  Eli  Lilly 
Company  of  Indianapolis  has  been  the  cooperating  firm  and  has 
put  out  an  excellent  product  at  low  cost.  Thus,  the  pubUc 
has  been  protected  from  exploitation. 

Honors  have  poured  in  on  Dr.  Banting,  a  modest,  likable  young 
man  of  an  essentially  retiring  disposition.  The  governors  of 
the  University  of  Toronto  have  named  him  Professor  of  Re- 
search in  Medicine.  The  Faculty  of  Medicine  has  awarded  him 
the  Julius  Mickle  Fellowship,  worth  $1200,  which  is  given  every 
year  in  recognition  of  the  greatest  discovery  made  in  the  medical 
field  during  the  past  ten  years.  Last  year  it  was  given  to  Dr. 
Harvey  Gushing  of  Boston,  the  great  brain  surgeon,  and  the  year 
previous  to  Dr.  Pavlov,  the  Russian  physiologist.  The  Domin- 
ion government  has  voted  Dr.  Banting  an  annuity  of  $7500. 
The  Canadian  National  Exposition,  held  annually  at  Toronto, 
has  invited  Dr.  Banting  to  open  the  great  fair  this  year,  and  as 
a  further  mark  of  recognition  has  announced  that  this  will  be 
"Science  Year"  at  the  exhibition. 

British  Empire  Exhibition 

Government  departments  and  industrial  organizations  are 
cooperating  in  the  preparation  of  what  promises  to  be  the  finest 
exhibition  of  Canadian  industrial  and  commercial  progress  ever 
produced  and  the  assembled  material  will  be  housed  in  the 
mammoth  Canadian  building  at  the  British  Empire  Exhibition 
to  be  held  next  summer  at  Wembley  Park,  near  London,  England. 
One-half  of  the  ground  floor  space  will  be  devoted  to  general 
displays  portraying  such  activities  as  the  movement  of  grain 
from  western  farms  by  rail  to  the  elevators,  thence  by  water  to 
the  eastern  outlets  to  foreign  markets ;  another  will  be  illustrative 
of  Canada's  water  powers,  developed  and  undeveloped,  while 
extensive  panoramic  scenes  will  deal  with  the  progress  of  agri- 
culture, raining,  fishing,  and  the  principal  phases  of  manu- 
facturing. The  remaining  half  of  the  ground  floor  space  will 
be  filled  with  industrial  booths,  manned  by  Canadian  manu- 
facturers seeking  empire  trade.  The  Dominion  government 
through  its  Department  of  Trade  and  Commerce  is  providing 
every  facility  for  the  arrangement  and  planning  of  these  exhibits, 
and  has  set  aside  well  over  half  a  million  dollars  for  the  purpose 
of  promoting  and  conducting  Canada's  participation  in  this 
empire  exhibition.  Thousands  of  people  from  all  parts  of  the 
empire  will  visit  the  great  show  in  London  next  year,  and  it  is 
probable  that  many  from  the  United  States  will  also  be  there. 

Uses  of  Nonmetallic  Minerals 

A  special  survey  of  the  consumption  of  nonmetallic  mineral 
products,  particularly  those  used  in  a  finely  divided  state,  is 
now  being  carried  out  by  the  Dominion  Bureau  of  Statistics  at 
Ottawa.  In  recent  years,  considerable  quantities  of  Canadian 
feldspar,  particularly,  have  been  exported,  mostly  to  the  United 
States,  where  it  has  been  finely  ground  and  then  sold,  some  of 
this  product  being  returned  to  Canada,  but  most  of  it  being 
shipped  to  Europe.  The  development  of  a  "substitute"  market 
in  nonmetallic  minerals  is  considered  quite  possible.  It  is  held 
that  Canadian  calcite  can  be  ground  finely  enough  and  at  a 
sufficiently  low  cost  to  permit  of  its  use  in  preference  to  imported 
whiting.  The  substitution  of  ground  mica  for  soapstone  as  a 
"slip"  material  between  inner  tubes  and  casings  for  motor  ve- 
hicles has  already  been  found  practicable.  Quantities  of  ground 
waste  mica  are  also  being  sold  to  the  manufacturers  of  composi- 
tion roofing,  who  are  said  to  find  it  preferable  to  sand  in  the 
preparation  of  some  grades  of  roofing.  The  saving  in  this  last 
item  is  in  the  quantity  required. 


Development  op  Petroleum  Industry 

Activity  in  the  petroleum  refining  industry  has  been  notice- 
able, particularly  in  western  Canadian  fields.  A  new  refinery 
has  been  estabUshed  at  Lethbridge,  Alberta,  which  for  the 
present  will  treat  crude  oils  imported  from  the  company's  wells 
in  Montana.  Another  plant  designed  to  work  up  Alberta 
products  and  to  make  road  tars  and  asphalts  more  particularly 
is  practically  completed.  The  interest  in  the  oil  fields  farther 
north  continues  and  special  parties  are  in  the  field  with  a  view 
to  locating  new  sources  and  to  determine  the  commercial  values 
of  these  fields. 

Progress  in  the  mineral  industries  of  Alberta  and  of  the  manu- 
facturing enterprises  dependent  on  these  minerals  has  been 
marked  during  the  past  two  years,  and  evidence  of  the  sound- 
ness of  the  provincial  government  policy  of  development  through 
research  by  competent  investigators  is  beginning  to  become  ap- 
parent. 

Tariff  Changes 

The  change  in  the  Canadian  tariff,  whereby  a  bounty  of  1.5 
cents  per  pound  is  to  be  paid  on  copper  bars  and  rods  produced 
in  Canada,  has  been  received  with  general  satisfaction.  Al- 
though limited  in  time  to  the  next  five  years,  the  assistance 
given  copper  rolling  mills  in  Canada  during  that  time  will,  it  is 
considered,  be  sufficient  to  permit  the  establishment  of  these 
plants  on  a  firm  basis. 

Apart  from  the  item  noted,  the  tariff  changes  this  year  were  of 
little  moment.  The  present  minister  of  finance.  The  Right 
Honorable  W.  S.  Fielding,  having  prepared  and  defended 
sixteen  budgets  prior  to  the  one  brought  down  by  him  this  year, 
is  not  one  to  introduce  startling  innovations  into  the  Canadian 
tariff,  and  interested  as  he  has  been  for  many  years  in  the  pro- 
motion of  reciprocal  trade  agreements,  especially  with  the 
United  States,  he  requires  that  a  plea  for  the  protection  of  a  new 
venture  by  tariff  imposts  be  very  firmly  supported  before  being 
given  even  cursory  attention.  The  promotion  of  Canadian 
trade  is  paramount;  if  this  necessitates,  at  times,  the  imposition 
of  tariff  restrictions,  such  changes  are  only  made  after  mature 
deliberation  and  a  careful  weighing  of  all  the  facts. 

Nickel  and  Copper 

The  revival  in  the  nickel  and  copper  industries  during  the 
past  few  months  has  been  a  matter  of  considerable  satisfaction 
to  the  general  public  as  well  as  to  the  firms  actually  engaged  in 
the  industry.  The  British  America  Nickel  Corporation  has  been 
reorganized  and  Charles  A.  Rose  has  been  appointed  general 
manager  in  succession  to  E.  J.  Carlyle,  who  recently  retired 
after  many  years  of  active  work  in  which  he  made  a  name  for 
himself  by  his  eiScient  management  and  broad-gage  ability  to 
get  results.  Mr.  Rose  takes  up  a  difficult  task,  as  the  plants  have 
all  been  closed  for  more  than  a  year  and  the  staffs  have  been 
scattered.  The  markets  for  nickel  and  copper  have  been  greatly 
depressed;  conditions  are  quite  different  from  those  prevailing 
either  during  the  war  when  demand  was  at  the  peak,  or  before 
the  war  when  only  smelting  operations  were  carried  on  in  Canada. 
Mr.  Rose  brings  to  his  work  seventeen  years'  experience  in  some 
of  the  largest  United  States  plants,  and  those  who  know  him 
predict  a  continuance  of  the  success  which  has  marked  his  work 
in  the  past. 

The  International  Nickel  Company  and  the  British  America 
Nickel  Corporation  both  operate  smelters  and  refineries  in 
Canada.  The  Mond  Nickel  Company  smelts  its  ore  to  a  matte, 
which  is  then  shipped  to  Swansea,  Wales,  for  further  treatment. 
The  capital  invested  in  Canadian  nickel-copper  smelters  and 
refineries  is  reported  to  be  about  $37,000,000,  so  that  the  revival 
of  operations  and  consequent  earning  power  is  naturally  pleasing. 

August  7,  1923 


Edward  Mallinckrodt  of  St.  Louis  has  given  $500,000  toward 
the  construction  of  a  group  of  new  chemical  laboratories  for 
Harvard  University.  The  building  will  bear  the  donor's  name 
and  will  stand  between  the  new  lecture  hall  and  the  university 
museum,  near  the  Wolcott  Gibbs  and  Coolidge  laboratories. 
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Chemists'  Agreements 

The  legal  obligations  of  a  chemist  in  this  country  have  often 
been  the  subject  of  discussion,  but  an  authoritative  statement 
from  a  competent  source  has  not  hitherto  been  readily  available. 
The  Institute  of  Chemistry  has  now,  however,  issued  a  booklet 
giving  a  complete  account  of  a  lecture  by  E.  J.  MacGillibray, 
barrister-at-law,  on  "Some  Aspects  of  the  Law  of  England 
Affecting  Chemists." 

It  is  usual  in  this  country  for  an  employer,  after  a  probationary 
period,  to  engage  a  chemist  under  agreement  for  a  period  of  three 
years  or  more,  and  to  provide  in  the  contract  certain  clauses  re- 
straining the  chemist  from  afterwards  entering  the  service  of  a 
competitive  firm.  Some  of  these  agreements  have  been  bitterly 
unjust  to  the  employee,  and  chemists  have  generally  been  re- 
signed to  the  belief  that  they  must  regard  such  agreements  as 
inevitable  in  every  large  works.  The  legal  value  is  doubtful, 
and  it  is  now  explained  that  some  of  these  agreements  cannot 
be  enforced  by  legal  process,  except  perhaps  in  flagrant  cases 
where  the  chemist  dishonestly  transfers  his  services  to  a  competi- 
tive firm  with  the  intention  of  disclosing  manufacturing  secrets 
which  were  exclusively  the  property  of  his  original  employers. 

The  Dyestuff  Situation 

The  Key  Industries  Act  is  again  claiming  some  attention,  and 
at  present  a  very  solemn  and  serious  discussion  is  in  progress 
on  the  question  as  to  whether  formaldehyde  is  a  synthetic  chem- 
ical. The  usual  hair-splitting  arguments  have  been  heard,  and 
presumably  very  soon  the  referee  will  throw  out  a  decision.  A 
most  serious  feature  arising  in  the  discussion  is  that  certain  firms, 
relying  upon  the  circumstance  that  formaldehyde  was  a  schediJed 
product,  have  erected  plants  for  the  manufacture  on  a  large  scale, 
and  the  attempt  to  take  away  from  them  the  small  measure  of 
protection  given  by  the  act  places  these  firms  in  a  difficult 
position. 

In  spite  of  the  general  uncertainty  regarding  restrictions  on 
importation,  the  dyestuff  situation  has  developed  very  con- 
siderably. The  British  Dyestuffs  Corporation  has  been  able  to 
report  an  increase  of  profit  in  spite  of  the  reduction  in  prices 
during  the  year.  After  providing  £411,000  for  depreciation  and 
crediting  the  sum  to  be  recovered  in  respect  of  excess  profits  duty, 
the  year's  profit  balance  amounts  to  nearly  £103,000.  The 
situation  is,  however,  not  without  great  difficulties,  but  in  view 
of  the  circumstance  that  enormous  sums  of  money  have  had  to 
be  spent  in  research  and  there  has  been  a  conflict  of  interests 
between  the  dye  manufacturer  and  the  dye  user,  this  year's 
work  is  most  encouraging.  A  complicated  and  delicate  machine 
such  as  the  dyestuff  industry  would  be  difficult  enough  to  estab- 
lish even  under  normal  trade  conditions,  and  prodigies  of  organi- 
zation are  necessary,  and  the  balance  of  trade  interests  must 
always  be  of  great  importance.  In  England,  however,  there  is  a 
Colour  Users'  Association,  representing  stronger  and  perhaps 
nationally  much  more  important  industries  than  the  dye  indus- 
try, and  this  association  has  been  endeavoring  to  get  an  official 
pronouncement  regarding  the  price  of  dyestuffs.  This  associa- 
tion has  suggested  that  import  licenses  for  any  dyestuff  should 
be  given  in  the  event  of  the  home  price  being  higher  than  the 
foreign  price,  or  more  than  three  times  the  pre-war  price,  which- 
ever of  these  alternatives  happens  to  be  the  greater.  The  dye 
manufacturing  interests  do  not  feel  that  they  are  able  to  accept 
this  proposal,  and  they  point  out  that  such  an  offer  would  only 
be  sufficient  to  cover  the  difference  between  the  costs  of  produc- 
tion to-day  and  those  prevailing  before  the  war,  and  that  there 
would  be  no  margin  which  could  be  devoted  to  the  systematic 
development  of  the  industry,  and  while  many  of  the  products 
can  be,  and  are,  sold  within  the  price  basis  mentioned,  the  uni- 
versal application  of  such  a  rule  would  be  disastrous  to  the  in- 
dustry. With  this  attitude  most  chemists  will  find  themselves 
in  agreement.  The  comparison  of  prices  of  British-made  dye- 
stuffs  is  interesting.  A  year  ago  the  average  price  of  colors  sold 
by  one  company  was  3s.  5d.  per  pound,  the  average  price  to-day 
is  2s.  6d.  per  pound. 

At  the  annual  general  meeting  of  the  Association  of  British 
Chemical  Manufacturers  recently  held  in  London,  this  question 
was  again  discussed  from  the  chair,  and  the  agitation  in  certain 
quarters  for  the  repeal  of  the  Dyestuffs  Act  was  again  mentioned. 


It  was  suggested  that  perhaps  the  real  trouble  facing  the  textile 
industry  was  the  high  price  of  cotton  and  the  difficulties  in  the  far 
eastern  markets.  This  association,  which  has  been  formed  to 
protect  the  interests  of  the  chemical  industry,  has  devoted  its 
attention  to  the  excise  restrictions  on  the  use  of  alcohol  in  chem- 
ical manufacture,  and  has  at  last  succeeded  in  obtaining  a  very 
reasonable  and  important  concession.  The  chemical  manufac- 
turer may  now  use  quantities  of  alcohol  up  to  100  gallons  without 
special  storage  equipment,  and  without  the  attendance  of  the 
excise  officers,  the  only  obligation  being  that  a  proper  record  of 
the  destination  of  the  alcohol  has  to  be  kept.  This  alcohol  ques- 
tion has  always  been  a  very  serious  one  to  the  fine  chemical 
manufacturer  in  this  country,  and  although  it  has  been  possible 
to  obtain  slight  concessions  from  time  to  time  under  special 
circumstances,  the  trouble  and  routine  necessary  has  made  manu- 
facturers inclined  to  give  up  the  manufacture  of  materials  re- 
quiring alcohol  rather  than  face  the  difficult  conditions  imposed 
by  excise  regulations. 

Viscous  Flow  and  Heat  Transmission 

Some  time  ago  the  writer  read  a  most  interesting  paper  by  D. 
Wesson,  entitled  "Some  Wild  Engineering  I  Have  Known,"  or 
words  to  that  effect.  In  this  paper  a  number  of  chemical  en- 
gineering blunders  are  mentioned,  one  of  them  referring  to  the 
dimensions  of  a  pipe  for  carrying  a  stated  volume  of  liquid  with 
a  certain  available  pressure  difference. 

In  spite  of  the  wildness  of  the  result  mentioned  in  this  paper, 
it  must  have  occiu^red  to  many  readers  that  the  design  of  a  pipe 
line  in  a  chemical  works  is  not  a  very  easy  matter.  It  has  hitier- 
to  been  the  practice  to  calculate  the  pipe  sizes  by  the  ordinary 
formulas  used  for  water,  afterwards  making  some  sort  of  in- 
telligent guess  as  to  what  the  result  would  be  for  oil,  glycerol, 
vitriol,  or  whatever  fluid  had  to  be  handled.  Such  a  procedure 
was  of  course  not  without  dangers,  and  "horse  sense"  had  to  be 
relied  upon  to  provide  ample  dimensions.  A  totally  different 
method  of  calculation  for  design  is  that  based  upon  the  researches 
of  Stanton,  who  with  his  collaborators  has  investigated  problems 
of  pipe  friction,  and  has  arrived  at  a  scientific  criterion  on  which 
the  similitude  in  conditions  may  be  calculated.  This  method 
has  already  been  dealt  with  in  a  considerable  number  of  scientific 
papers  and  in  at  least  one  book  devoted  to  chemical  engineering 
work.  It  is  safe  to  say  that  with  this  method  which  when  once 
mastered  is  not  too  elaborate  for  practical  work,  the  number  of 
examples  of  "wild  engineering"  would  be  diminished. 

The  conditions  existing  in  a  fluid  passing  through  a  pipe  are 
no  doubt  complex,  and  the  dynamical  problems  presented  have 
to  be  solved  by  methods  of  similitude  calculation,  rather  than  by 
orthodox  mathematical  processes.  It  is  obvious  that  if  the 
djmamical  problems  partake  of  this  nature,  the  thermal  prob- 
lems, particularly  those  relating  to  heat  transmission,  must  of 
necessity  be  similar. 

The  first  real  scientific  contribution  to  the  subject  of  heat  trans- 
mission is  probably  that  found  in  the  work  of  Osborne  Reynolds, 
who  at  least  stated  the  problem  fairly  accurately,  and  did  not 
merely  attempt  to  derive  coefficients,  which  have  to  be  altered 
often  by  several  hundred  per  cent  to  compensate  a  slight  variation 
in  conditions.  Most  of  us  who  have  had  to  do  with  the  design  of 
chemical  plants  depending  upon  heat  transmission  problems  will 
know  that,  although  thousands  of  researches  have  been  published 
very  little  information  can  be  collected  for  practical  purposes  of 
design,  except  in  so  far  as  the  coefficients  derived  relate  strictly 
to  a  typical  design  of  apparatus  operating  under  fairly  well- 
known  and  well-established  conditions. 

The  British  government  published  recently  a  volume  of  the 
"Technical  Records  of  Explosives  Supply"  entitled  "Heat 
Transmission."  In  this  volume  a  somewhat  more  scientific 
method  of  attack  is  presented,  but  the  treatment  is,  although  an 
advance,  not  very  remarkable. 

Some  papers  are  at  present  appearing  in  the  weekly  Engineer- 
ing, entitled  "The  Laws  of  Heat  Transfer,"  in  which  the  sub- 
ject is  being  attacked  differently,  and  the  criterion  of  fluid  friction 
is  employed  in  an  endeavor  to  calculate  the  "film  resistances"  to 
heat  transmission.  These  articles,  which  are  of  greatest  interest 
to  the  chemical  engineer,  are  anonymous. 

July  20,  1923 
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Wood  Distillation.  By  L.  F.  Hawley.  American  Chemical 
Society  Monograph  Series.  146  pp.,  tables,  diagrams,  and 
illustrations.  The  Chemical  Catalog  Co.,  Inc.,  New  York, 
1923.     Price,   $3.00. 

This  work  is  in  reality  two  monographs,  Part  I  being  con- 
cerned with  hardwood  distillation  and  Part  11  with  resinous  wood 
distillation.  As  the  author  states  in  his  introduction,  there  is 
absolutely  no  connection  between  the  two  industries  nor  are 
there  any  but  apparent  resemblances  between  the  processes 
and  methods  employed. 

The  author's  purpose,  as  stated  in  the  introduction,  is  to 
present  for  each  subject  a  brief  outline  description  of  present 
chemical  practices  for  each  of  the  two  separate  parts,  as  a  basis 
for  the  discussion,  as  he  says,  of  the  chemistry  of  the  raw  mate- 
rials, the  processes,  and  the  products.  While  this  plan  has  been 
followed,  the  treatment  is  so  broad  as  to  have  warranted  the 
title  "A  Discussion  of  the  Physical  and  Chemical  Principals 
Employed  in  Wood  Distilling  Industries  and  the  Direction  in 
Which  Improvement  Must  Be  Sought."  Again  quoting  from 
the  introduction,  "this  work  is  the  result  of  the  author's  long 
connection  with  the  Forest  Service  which  has  made  possible 
frequent  inspection  of  commercial  plants  and  a  large  amount 
of  research"  on  the  specific  subjects  treated.  The  work  will 
be  of  absorbing  interest  to  all  who  are  engaged  in,  or  conversant 
with,  the  present  state  of  this  industry,  which  is  undergoing 
a  scientific  resurrection  from  a  long  period  of  doldrums. 

The  work  is  saturated  with  information  in  the  form  of  concise 
tabulations  of  observed  facts,  further  illustrated  by  charts, 
graphs,  and  pictures.  By  these  means  Dr.  Hawley  has  con- 
trived to  reduce  to  146  pages  about  all  the  useful  information 
that  has  survived  the  careful  research  and  investigation  of 
many  years  for  both  industries. 

While  many  of  the  subjects  handled  lead  to  discussions  of  a 
highly  technical  character,  the  style  is  easy  and  interesting  to 
follow  and  the  conclusions  leave  the  reader  well  paid.  Many 
of  the  engineering  features  of  plant  and  process  are  piUT)osely 
omitted,  such,  for  example,  as  the  direction  by  which  improve- 
ment could  be  expected  in  the  design  and  operation  of  retorts, 
and  the  author  purposely  omits  any  discussion  of  acetic  acid, 
formaldehyde,  or  acetone,  and  only  makes  brief  reference  to  the 
refining  of  wood  alcohol,  turpentine,  and  pine  oils.  Evidently, 
his  pvu-pose  is  to  confine  this  work  to  subjects  that  will  afford 
the  most  help  to  the  wood  distiller  as  distinguished  from  those 
concerned  with  the  derived  products.  In  some  cases  he  blimtly 
states  that  the  discussion  is  omitted  because  he  does  not  know 
the  answer,  or,  as  he  says,  "from  a  disinclination  to  copy  from 
the  literature  without  that  first-hand  information  which  gives 
the  necessary  skill  in  selection  and  criticism."  The  author's 
modesty  is  in  some  respects  a  handicap,  as  he  is  known  to  possess 
a  vast  store  of  information  on  several  of  these  excluded  subjects 
which  would  be  of  great  general  benefit,  though  as  yet  incomplete 
from  his  own  more  exacting  point  of  view. 

Many  pictures  serve  to  keep  the  reader  in  touch  with  familiar 
aspects  of  the  industry  and  thus  allay  apprehensions  of  the  timid 
while  they  are  being  led  through  discussions  of  subjects  that 
might  otherwise  appear  formidable.  It  is  unsafe  to  skip  any 
of  these  discussions  because  the  practical  application  of  the 
treatment  is  too  valuable  to  lose. 

An  important  feature  of  the  work,  perhaps  the  most  valuable, 
is  the  criticism  and  corrections  of  information  and  data  ciurent 
in  the  literature,  some  of  which  has  passed  unchallenged  for 
fifty  years.     Conclusions  based  on  investigation  in  Europe  have 


long  been  accepted  as  basic,  which  under  the  author's  careful 
research  have  been  found  to  be  subject  to  important  modifica- 
tion and  in  some  places  are  completely  refuted. 

The  tabulated  results  of  experimental  distillations  of  Amer- 
ican woods,  both  hard  and  resinous,  would  alone  make  the  book 
priceless  to  wood  distillers  who  seek  improved  yields  and  quality 
of   products. 

Walter  E.  Lummus 


A  Tested  Method  of  Laboratory  Organization.  By  Seymour 
Pile  and  Reginald  Johnston.  98  pp.  H.  F.  &  G.  With- 
erby,  London,  1923.     Price,  7s.  6d.  net. 

In  1917  a  number  of  Birmingham  manufacturers  of  brass  and 
copper  alloys  united  to  form  an  organization  which  they  called 
the  "Midland  Laboratory  Guild,  Limited,"  to  make  a  serious 
attempt  at  cooperation  in  the  scientific  control  of  industry  and 
in  the  establishment  of  a  cooperative  chemical  and  physical  lab- 
oratory. 

A  building  was  obtained,  and  each  of  the  member  firms  paid 
a  sum  as  entrance  fee  which  in  the  aggregate  was  sufficient  to 
equip  the  building  as  a  chemical  and  physical  laboratory. 

Events  have  proved  that  this  cooperative  laboratory  has  not 
only  been  successful  in  stimulating  the  technical  progress  of  the 
firms  involved,  but  has  provided  a  common  meeting  place  for  the 
mutual  discussion  of  problems,  and  such  a  cooperative  labora- 
tory is  valuable  as  illustrating  how  in  small  industries  and  among 
small  manufactiu"ers  the  financial  problem  can  be  solved. 

There  is  a  valuable  preface  to  the  book  contributed  by  W.  R. 
Barclay,  from  which  much  of  this  review  is  drawn.  On  the 
general  subject  of  works  laboratory  organization  there  is  room  for 
much  discussion,  and  many  differences  of  opinion  exist  among 
technical  men  as  to  the  scope  of  a  works  laboratory  and  its  re- 
lationship to  the  works  itself.  Some  things  said  by  the  authors 
of  this  book  will  undoubtedly  provoke  criticism,  but.  at  least, 
it  may  be  said  that  they  have  performed  a  valuable  service  to 
industrial  organization  in  general  by  putting  forward  their 
views. 

The  authors  do  not  appear  to  be  aware  of  any  other  books  on 
the  subject  of  laboratory  organization,  and.  Indeed,  state  spe- 
cifically in  their  preface  that  so  far  the  scientific  laboratory  seems 
to  have  escaped  attention  from  the  authors  of  books. 

The  design  of  the  laboratory  building  and  the  method  of  taking 
samples  and  recording  analyses  are  discussed  at  considerable 
length,  and  these  chapters  will  undoubtedly  be  of  value  to  any 
one  planning  a  laboratory  for  similar  work.  There  is  also 
much  general  discussion  of  the  persormel  of  the  laboratory  and 
of  the  internal  relation  of  the  members  to  each  other.  A  special 
system  of  costing  was  necessitated  by  the  cooperative  nature  of 
the  work,  and  would  seem  to  be  suitable  for  the  special  circum- 
stances of  this  laboratory. 

The  book  does  not  give  full  consideration  to  the  subject  of  re- 
search laboratories,  the  laboratory  described  apparently  having 
devoted  almost  all  its  attention  to  testing  and  analysis,  research 
being  referred  to  as  merely  incidental  to  these  other  activities. 
Fundamental  work  is  almost  ignored.  The  chief  value  of  the 
book  lies  in  its  careful  and  detailed  account  of  the  experience 
which  the  authors  have  had.  Its  chief  defect  is  the  absence  of 
any  general  knowledge  of  what  has  been  done  in  industrial 
laboratories  of  other  types.  ^  ^  ^  ^^^^ 
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Chemisch-Technische  Vorschriften.  Ein  Handbuch  der  speziel- 
len  chemischen  Technologie  insbesondere  fiir  chemische 
Fabriken  und  verwandte  technische  Betriebe  enthaltend 
Vorschriften  aus  alien  Gebieten  der  chemischen  Technologie 
mit  umfassenden  Literatumachweisen.  Band  I — Metalle 
und  Minerale.  By  Otto  Lange.  1011  pp.  Otto  Spamer, 
Leipzig,  1923.     Price,  paper,  S8.00;  cloth,  $9.00. 

This  work,  encyclopedic  in  character,  is  really  a  handbook 
of  methods  for  the  chemist  and  chemical  engineer.  It  aims  to 
answer  the  questions:  How  does  one  prepare  or  manipulate  a 
certain  product;  and  what  are  the  intermediate  or  final  prod- 
ucts? It  also  furnishes  literature  or  patent  references  to  prac- 
tically every  statement  made.  Nearly  all  the  references  are 
to  German  sources,  citations  from  German  abstract  journals 
replacing  references  to  the  original  source.  Because  of  the 
natiu'e  of  the  work,  no  critical  discussion  of  the  statements  con- 
tained therein  is  attempted. 

The  work  is  to  consist  of  four  volumes:  I — Metals  and  Min- 
erals; II — Fibers,  Leather,  Bones,  Celluloid,  Artificial  Plastics, 
etc.;  Ill — Resins,  Oils  and  Fats,  Rubber,  Petroleum,  Soaps, 
etc.;  IV — Fertilizers,    Explosives,   Foods,    and    Feeding    Stuffs. 

Volume  I  discusses  the  metals,  natural  and  artificial  silicates, 
ceramics,  glass,  alkali  and  akaline  earth  metals  and  compounds, 
mortar  and  cement,  artificial  stone  and  mineral  colors.  The 
method  of  treatment  and  scope  of  the  work  is  seen  from  the 
following  list  of  topics  under  the  heading  "Iron"  (100  pages): 
occiurence,  properties  and  uses,  preparation,  alloys,  corrosion 
of  iron  and  means  of  preventing  corrosion,  galvanizing,  sherard- 
izing  other  metallic  coatings,  nonmetallic  rust-preventing  agents, 
enameling  of  iron. 

The  volume  is  provided  with  a  3S-page  index  which  appears 
to  be  very  complete.  C.  J.   West 

Taschenbuch  fiir  die  Farben-  und  LackindustTie.  By  Hans 
Wolff  and  W.  Schlick.  4  X  G'A  inches.  Wissenschaft- 
liche   Verlagsgesellschaft   m.b.H.,    Stuttgart,   1923. 

This  little  book  is  divided  into  two  distinct,  separately  bound 
parts,  which  are  fitted  into  a  single  cover.  The  "Farben-und- 
Lackkalender,"  containing  177  pages  devoted  to  analytical  and 
descriptive  data  and  a  few  manufactiu^ing  formulas  of  interest 
to  the  paint  and  varnish  chemist,  is  permanently  bound  to  the 
cover.  The  "Schreib-Kalender"  consists  of  the  usual  diary 
with  about  fifty  pages  of  advertising  matter,  and  is  arranged 
to  fit  into  the  cover  in  such  a  way  that  it  may  be  replaced  with 
a  later  edition  for  next  year. 

In  the  first  part  there  is  nothing  of  a  technical  nature  that  is 
particularly  new  or  striking.  The  authors  state  their  purpose 
to  be  the  preparation  of  a  practical  book  for  the  practical  man, 
and  hence  are  to  be  excused  from  the  inclusion  of  new  and  un- 
tried material.  It  is  quite  probable,  too,  that  they  have  en- 
countered the  characteristic  reticence  of  manufacturers  to  let 
their  latest  developments  be  published.  Among  their  manu- 
factiuing  formulas  there  is  scarcely  one  which  cannot  be  found 
in  as  good,  if  not  better,  form  in  the  notebook  of  every  practical 
varnish  or  paint  maker. 

Probably  the  most  interesting  and  at  the  same  time  the  most 
practical  part  of  the  book  is  devoted  to  minutiae  of  plant  prac- 
tice which  few  books  contain.  Reduction  of  fire  risks,  trade- 
union  rules  (made  necessary  by  the  variety  of  rules  being  pro- 
mijgated  in  Germany  from  time  to  time  by  the  labor  unions), 
and  a  chapter  on  the  various  trade  usages  in  connection  with 
the  paint  and  varnish  materials,  are  quite  usefid  and  novel 
in  such  a  work. 

The  entire  get-up  of  the  book  is  cheap.  The  paper  and  print- 
ing are  of  very  low  quality,  and  the  proof-reading  has  not  been 
carefully  done.  One  of  the  tables  included,  for  instance,  deals 
with  equivalents  of  various  foreign  measures.  Here  we  find 
this  remarkable  statement,  "United  States  of  America,  One 
Bushel   =  8  Quarts." 


By-product  Coking.  By  G.  Stanley  Cooper.  2nd  edition, 
revised  by  Ernest  M.  Myers.  192  pp.  Benn  Bros.  Ltd., 
London,   1923.     Price,   12s.  6d. 

The  first  edition  of  this  work  appeared  in  1917.  While  some 
new  material  has  been  added  to  bring  the  work  more  up  to  date, 
the  new  book  is  for  the  most  part  merely  a  reprint  of  the  first 
edition.  The  greatest  change  is  the  addition  of  a  new  chapter 
on  condensers  and  scrubbers.  Other  minor  changes  of  no  great 
importance  have  been  made  throughout  the  book. 

The  purpose  of  the  book  is  best  expressed  in  the  words  of 
Mr.  Cooper:  "In  the  text  it  has  been  the  endeavour  of  the  writer 
to  steer  clear  of  intricate  technical  explanations,  and  also  to 
avoid  chemical  formulae,  etc.,  which  would  not  be  intelligible 
to  the  average  reader.  The  book  is  intended  primarily  for  the 
student,  but  it  is  hoped  that  it  may  be  found  useful  in  a  degree 
to  the  experienced  man  ♦  *  ♦  *  *."  The  book  should  fulfil  its 
purpose,  for  a  comprehensive  but  abbreviated  outline  of  the 
subject  is  given,  although  its  usefulness  to  the  experienced  man 
is  problematic. 

One  phase  of  the  subject  has  not  been  dealt  with — namely, 
that  of  gas  purification.  Undoubtedly,  this  is  not  a  universal 
practice  at  coke  plants,  but  it  would  seem  that  some  mention 
should  have  been  made  of  the  subject.  Perhaps  it  was  the  de- 
sire of  the  author  for  brevity  that  occasioned  this  omission. 

The  reader  should  bear  in  mind  that  the  typical  plants  and 
processes  are  largely  taken  from  English  practice.  In  a  more 
extended  treatise  one  might  wish  for  a  clearer  description  of 
American  practice,  but  it  is  hardly  fair  to  expect  a  more  complete 
treatment  in  a  book  of  this  scope.  This  work  should  be  wel- 
comed by  students  and  any  others  who  are  desirous  of  obtaining 
a  short  and  nontechnical  description  of  the  by-product  coke- 
oven   industry.  ^_   ^^    ^^^ 


Tested  Methods  of  Non-Ferrous  Metallurgical  Analysis.  By 
Seymour  Pile  and  Reginald  Johnston.  127  pages, 
10  figures.  5  X  7^/i  inches.  H.  F.  &  G.  Witherby,  London, 
1922.     Price,  7s.  6d. 

The  authors  present  individual  "Assays  in  Alphabetical 
Order  of  Metals"  for  twenty-three  elements.  Some  cross  refer- 
ences are  made,  but  these  are  entirely  too  few.  For  example,  the 
simultaneous  electrolytic  determination  of  copper  and  lead  is 
not  mentioned,  nor  is  the  determination  of  iron  and  aluminium  or 
of  antimony  and  tin  in  the  same  sample  considered.  The  methods 
are  no  improvement  over  those  which  are  well  known  and  in 
common  use.  It  is  surprising  that  the  authors  have  found  the 
determination  of  aluminium  as  aluminium  phosphate  to  be 
"verj-  satisfactory  for  pure  aluminium  metals,"  and  that  in  the 
analysis  of  spelter  they  obtained  99.94  per  cent  of  zinc  by  elec- 
trolysis of  a  zinc  nitrate-sodium  hydroxide  solution  with  amal- 
gamated copper  gauze  cathodes,  as  against  99.932  per  cent  by 
difference.  Some  obvious  faults  are:  Desiccants  are  used  in- 
discriminately in  the  carbon  method;  no  reference  is  made  to 
a  hydrofluoric  acid  treatment  of  sihca;  the  interference  of  iron 
in  the  separation  of  tin  as  metastannic  acid  is  not  mentioned; 
digestion  with  nitric  acid  is  recommended  for  the  separation  of 
small  amounts  of  antimony;  a  one-half  hour  settling  period  is 
specified  in  the  bismuthate  method;  the  method  for  cadmium 
is  not  accurate  because  cadmium  sulfide  is  not  the  compound 
which  is  obtained  by  precipitation  with  hydrogen  sulfide  in  acid 
solution. 

The  illustrations  seem  crude  when  compared  with  the  usual 
idealized  "set-ups,"  but  are  undoubtedly  more  true  to  laboratory 
life.  In  spite  of  the  authors'  warning  that  "the  technical  slang 
of  the  laborator>'  has  been  used,"  such  expressions  as  "magneted," 
"wangles,"  "a  good  fielder,"  "insert  the  bung,"  and  "pohce- 
maned"  are  somewhat  startling,  while  "dissolved  in  the  least 
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convenient  quantity  of  sulfuric  acid"  and  "bulk  allowed  to 
evaporate"  seem  like  carrying  technical  license  too  far.  In 
the  "Obiter  Dicta"  it  is  interesting  to  note  "Never  trust  any- 
body's sampling  but  your  own,"  "Never  attach  any  value  to 
the  manufacturer's  description  of  the  composition  of  the  alloy," 
and  "Don't  forget  to  subtract  the  weight  of  your  filter  ash." 

The  reviewer  believes  that  the  book  is  not  well  suited  for  stu- 
dent use,  that  it  has  a  limited  value  as  a  reference  text,  and  that 
its  chief  interest  lies  in  showing  what  methods  the  other  analyst 
is  using. 

G.  E.  F.  LuNDELL 

American  Petroleum  Refining.  By  H.  S.  Bell.  456  pp.,  263 
illustrations.    D.  Van  Nostrand  Co.,  New  York.   Price,  $5.00. 

The  object  of  this  book  is  to  present,  to  those  interested  in 
petroleum  refining,  the  fundamental  information  and  data 
involved  in  the  manufacture  of  petroleum  products.  The  chem- 
ical properties  are  described  in  one  chapter  of  37  pages,  the 
discussion  really  being  confined  to  an  outline  of  the  elementary 
chemistry  of  the  hydrocarbons.  This  description,  together 
with  that  on  physical  characteristics,  could  be  expanded  to 
include  more  details  and  additional  matter,  which  will  naturally 
be  missed  by  one  using  the  book.  The  American  Petroleum 
Institute  modulus,  showing  the  relation  between  petroleum 
hydrometer  (A  .P.  I.  degrees)  readings  and  the  corresponding 
specific  gravity,  was  adopted  about  two  years  ago  by  the  oil 
industry,  through  agreement  with  the  U.  S.  Bureau  of  Standards. 
Consequently,  Baume  degrees,  used  throughout  the  book,  may 
be  misleading.  The  outlines  of  methods  for  determining  phys- 
ical properties  would  be  improved  by  the  substitution  of  the 
adopted  methods  of  the  American  Society  for  Testing  Materials. 

The  descriptions  of  the  manufacturing  process  and  of  the 
various  apparatus  are  very  good;  much  valuable  data  of  a  prac- 
tical nature,  including  types  of  furnaces,  stills,  towers,  con- 
densers, and  heat  exchangers,  about  which  center  the  real  efficien- 
cies of  a  petroleum  refinery,  are  included.  The  theoretical 
considerations  sufficiently  illustrate  the  reasons  for  dimensions 
and  arrangements  selected  in  typical  installations.  Additional 
chapters  have  reference  to  special  departments,  such  as  filter- 
ing, wax,  and  lubricating  plants,  packages,  acid  recovery,  trans- 
portation, etc. 

The  efficient  operation  of  a  modern  refinery  is  impossible 
without  a  well-equipped  laboratory,  and  more  importance 
should  be  given  to  the  subject  in  future  editions.  It  is  dis- 
missed in  a  few  sentences  following  several  pages  devoted  to 
sanitary  conveniences  and  consequently  is  difficult  to  find. 

On  the  whole,  this  book  is  a  valuable  contribution  to  our 
petroleum  technology,  and  one  which  should  be  in  the  hands 
of  every  one  interested  in  petroleimi  refining. 

C.  K.  Francis 

The  Spectroscope  and  Its  Uses  in  General  Analytical  Chemistry. 
By  T.  Thorne  Baker.  2nd  edition,  x  +  208  pp.  98 
figures.  5.5  X  8.5  inches.  Wm.  Wood  &  Co.,  New  York, 
1923.     Price,  $3.00. 

The  author  has  given  us  a  remarkably  useful  book,  and  one 
which  is  far  beyond  the  expectations  engendered  by  the  title. 
He  has  by  no  means  limited  himself  to  applications  of  spectros- 
copy in  general  analytical  chemistry,  as  that  term  is  usually 
interpreted.  While  the  descriptions  of  the  spectroscopes  of 
various  types  and  their  accessories,  together  with  their  appli- 
cations, constitute  the  main  purpose  of  the  book,  the  fields 
touched  are  broad,  including,  for  example,  fluorescence.  Palmer's 
series,  and  X-ray  analysis.  While  sufficient  theory  is  given, 
the  emphasis  is  on  the  practical  side  of  the  subject. 

The  various  types  and  makes  of  instruments  are  described 
in  sufficient  detail  to  enable  one  to  make  a  wise  choice  for  what- 


ever work  is  to  be  done,  and  the  adjustments  and  technic  are 
described  adequately.  The  book  is  up  to  date  and  numerous 
references  of  work  done  in  1922  are  to  be  found. 

The  first  two  chapters  give  the  theory  of  spectroscopy  and  good 
descriptions  of  different  types  of  spectroscopes.  Possibly  a 
somewhat  more  complete  discussion  of  the  plane  grating  and 
echelon  grating  would  have  been  advisable.  Refraction  and 
resolving  power  are  discussed  in  the  third  chapter.  In  Chap- 
ters IV  and  V  the  principal  subjects  discussed  are:  the  spec- 
trmn  in  inorganic  chemical  analysis;  flame,  spark,  arc,  and  vac- 
uum tube  spectra;  iUuminants;  fluorescence  and  phosphores- 
cence; chemical  and  heat  energy  of  the  spectrtun;  distribution 
of  energy;  the  photo-electric  effect  and  the  infra  red  spectrum. 
Chapter  VI  contains  an  excellent  discussion  of  spectropho- 
tography  and  methods,  and  Chapter  VII  takes  up  the  prepara- 
tion of  special  photographic  plates  and  filters. 

Absorption  spectra,  spectrophotometry,  and  fluorescence 
are  discussed  in  Chapter  VIII.  Chapters  IX  and  X  contain 
discussions  of  the  Balmer  series,  atomic  relations,  the  Zeeman 
effect.  X-ray  spectra,  and  X-ray  analysis.  The  appendix  gives 
useful  information  concerning  the  preparation  of  safe  lights  for 
development,  silvering  of  glass,  blackening  of  metals,  and  clean- 
ing of  gratings. 

The  typography,  reproductions,  and  binding  are  excellent, 
and  but  few  errors  have  been  noted. 

J.  H.  Mathews 


The  Phase  Rule  and  Its  Applications.  By  Alexander  Find- 
lay,  M.A.,  Ph.D.,  D.Sc.  5th  edition,  xvi  -f  298  pages. 
158  figures,  5  inserted  as  plates.  22  X  14  cm.  Longmans, 
Green  &  Co.,  New  York,  London,  Toronto,  Bombay,  Calcutta, 
and  Madras,  1923.     Price,  $3.50  net. 

The  first  edition  of  this  well-known  book  was  published  in 
1903,  and  for  twenty  years  "Findlay"  has  been  without  a  rival 
as  an  elementary  text  on  the  phase  rule  and  its  applications. 
Frequent  revisions  have  kept  it  abreast  of  the  rapid  development 
of  the  subject  by  the  inclusion  of  new  experimental  material; 
in  this  fifth  edition  many  sections  have  been  revised,  and  some 
new  material  has  been  added.  The  section  on  phosphorus  has 
been  rewritten,  bringing  in  the  work  of  Smits  and  Bokhorst  and 
of  Bridgman;  and  the  treatment  of  sulfur  has  been  amplified  by 
the  inclusion  of  a  section  on  the  work  of  Alexander  Smith  and 
of  Aten  on  the  pseudo-binary  character  of  sulfur.  The  section  on 
the  iron-carbon  alloys  has  been  entirely  rewritten  in  the  light  of 
the  work  of  Ruer  on  3-ferrite;  LeChatelier's  data  for  the  dissocia- 
tion pressure  of  calcium  carbonate  have  been  superseded  by  those 
of  Johnston ;  the  data  for  the  system  water  have  been  revised ;  and 
the  section  dealing  with  liquid  crystals  has  been  largely  rewritten. 
Frequent  references  are  made  to  Smits'  theory  of  allotropy,  and 
BeUby's  views  as  to  the  presence  of  amorphous  material  in  worked 
metals  are  apparently  accepted.  The  "complete"  equilibrium 
diagram  of  the  system  H20-Na2SOi,  as  determined  by  Wuite, 
is  included,  but  since  the  term  "complete"  is  used,  a  further 
discussion  of  systems  in  which  the  critical  curve  is  intersected  by 
the  solubility  curve,  and  especially  the  relations  at  and  above 
the  second  critical  end  point,  would  be  advisable.  The 
inclusion  of  the  work  of  Rankin  and  Wright  on  the  system 
CaO-Al203-Si02  and  of  van't  Hoff  on  the  oceanic  salt  deposits 
are  valuable  additions,  but  this  value  would  be  greatly  enhanced 
by  a  little  more  discussion  of  these  complicated  systems.  In 
addition  to  those  enumerated,  many  minor  revisions  have  been 
made,  and  the  literature  references  have  been  greatly  amplified. 
Findlay's  "The  Phase  Rule  and  Its  Applications"  can  be  unhesi- 
tatingly recommended  as  the  best  elementary  treatise  on  the 
subject,  with  the  new  fifth  edition  a  material  improvement  over 
its  predecessors. 

George  W.  Morey 
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Trade  Association  Activities.  Published  by  the  Department  of 
Commerce.  368  pp.  Superintendent  of  Documents,  Wash- 
ington, D.  C,  1923.     Price,  50  cents. 

This  is  a  recent  publication  by  the  Department  of  Commerce — 
one  of  its  series  on  elimination  of  waste — which  merits  careful 
reading. 

In  the  introduction  the  Secretary  of  Commerce  quotes  the 
definition  of  a  trade  association  as  defined  by  the  American  Trade 
Association  Executives:  "A  trade  association  is  an  organization 
of  producers  or  distributors  of  a  commodity  or  service  upon  a 
mutual  basis  for  the  purpose  of  promoting  the  business  of  its 
branch  of  industry  or  commerce  and  improving  its  service  to  the 
pubhc."  In  the  pubUcation,  which  has  been  compiled  with  the 
assistance  of  many  specialists,  the  principal  legitimate  activities 
of  trade  associations  are  defined  as  trade  relations,  employee 
relations,  public  relations,  government  relations,  cost  accounting, 
credit  and  collection,  transportation,  insurance,  legislative  statis- 
tics, commercial  research,  simplification  and  standardization,  and 
industrial  research. 

Interesting  chapters  upon  these  topics  and  subdivisions  are 
included  and  are  followed  by  other  chapters  upon  those  govern- 
ment activities  which  are  of  immediate  interest  to  trade  organiza- 
tions, with  special  reference  to  the  various  bureaus  of  the  Depart- 
ment of  Commerce.  Due  emphasis  is  given  to  similar  relations 
with  other  federal  departments  and  scientific  bureaus. 

The  appendixes  alone  make  the  publication  valuable  to  most 
readers,  treating  as  they  do  the  history  of  trade  associations  in 
America,  trade  associations  abroad,  and  including  a  trade  bib- 
liography and  a  directory  of  national  and  international  associa- 
tions. This  directory  will  be  widely  used,  for  it  contains,  besides 
an  alphabetical  list,  a  classification  by  commodity  or  service  and  a 
classification  by  functions. 

That  trade  associations  have  a  definite  place  and  play  a  really 
important  part  in  our  industrial  Ufe  is  made  clear  by  this  publica- 
tion. There  are  sufficient  activities  to  engage  the  full  energy  of 
such  associations  and  to  justify  their  existence  without  their  en- 
gaging in  some  practices  that  have  recently  found  disfavor. 

Industries  as  well  as  individuals  are  recommended  to  secure  a 
copy  of  this  document,  which  is  written  in  a  concise  and  readable 
form. 

Coal  and  Allied  Subjects.  Being  Bulletins  1  to  10  of  the  Lan- 
cashire and  Cheshire  Coal  Research  Association,  1918  to 
1921,  inclusive.  By  F.  S.  Sinnaw  and  Associates.  S'A 
X  7  inches,  cloth,  205  pp.  H.  F.  &  G.  Witherby,  London, 
1923.     Price,  15s.  net. 

As  indicated  by  the  title,  this  publication  is  a  collection  of 
bulletins  on  sampling,  analysis,  determination  of  calorific  value, 
and  certain  special  analytical  tests  and  investigations  on  coal. 
Bulletin  I  covers  ten  introductory  lectures  on  organic  chem- 
istry, with  special  reference  to  coal.  These  are  presumably 
intended  for  engineers,  mining  students,  and  others  of  Umited 
training  in  chemistry.  The  tables  of  physical  constants  have 
the  common  fault  of  many  texts  in  omitting  reference  to  the 
original  soiu'ces.  A  brief  discussion  of  the  constitution  of  coal  as 
worked  out  by  Thiessen,  Wheeler,  Stopes,  and  others  would  have 
added  to  the  value  of  the  bulletin. 

Bulletins  II,  IV,  VII,  DC,  and  X,  on  the  sampling,  analysis,  and 
calorific  value  testing  of  coal,  are  the  most  generally  useful  bulle- 
tins in  the  book.  The  author  has  described  the  best  methods 
and  shows  familiarity  with  recent  progress  in  coal  analysis. 

Bulletin  III,  on  the  influence  of  the  addition  of  inert  matter 
upon  the  volatile  matter  evolved  when  coal  is  heated,  and  Bulletin 
VIII,  on  the  inorganic  constituents  of  coal  with  special  reference 
to  Lancashire  seams,  are  of  some  interest  to  the  highly  specialized 
student  of  the  chemistry  of  coal,  but  of  doubtful  practical  value. 
Bulletin  V,  on  coal  dust  and  fusain,  is  of  interest  to  the  coal- 
mLae  operator.     It  is  shown  that  fusain  (mother  of  coal)  tends 


to  collect  in  mine  dusts  and  washing  sludge.  It  may  be  an  im- 
portant factor  in  dust  explosions,  and  Sinnatt  has  shown  that  it 
detracts  from  the  coking  property  of  coal. 

Although  well  prepared,  and  of  undoubted  importance  in  con- 
nection with  highly  specialized  research  on  coal,  it  is  doubtful 
if  the  book,  as  a  whole,  is  worth  the  price  of  15  shillings  to  the 
American  coal  technologist.  a.  C.  Fieldner 

Fire  Losses — Locomotive  Sparks.  By  L.  W.  Wallace.  1st 
edition,  xi  +  203  pp.  6X9  inches,  illustrated.  Barr-Er- 
hardt  Press,  Inc.,  New  York,  1923.     Price,  $3.00. 

As  stated  in  the  preface: 

The  purpose  of  this  treatise  is  to  set  forth  the  facts  disclosed 
as  a  result  of  some  five  years  of  intense  investigation  of  locomotive 
sparks  and  their  relation  to  fires  occurring  along  the  right  of  way 
of  American  railways. 

In  conducting  the  investigations,  every  known  question  that 
had  arisen  in  connection  with  law  suits  for  damages  from  fires 
alleged  to  have  been  started  by  locomotive  sparks  was  studied. 

The  book  is  divided  into  two  parts  and  deals  with  fundamentals 
of  locomotive  construction,  maintenance,  and  operation  from  the 
standpoint  of  the  locomotive  spark;  the  extent  and  seriousness 
of  the  fire  hazard  from  locomotive  sparks;  the  formation  of  the 
spark  and  means  adopted  to  prevent  its  escape  from  the  loco- 
motive stack ;  the  effect  of  various  types  and  conditions  of  coal ; 
the  quantity  and  size  of  sparks  ejected  by  different  types  of  lo- 
comotives operated  under  various  conditions  of  tonnage,  speed, 
weather  conditions,  etc.;  the  weight  and  character  of  sparks 
caught  at  known  distances  from  the  center  of  the  track;  tem- 
perature at  which  a  wide  range  in  size  and  character  will  ignite 
dry  combustibles;  effect  of  wind  velocity  upon  the  height  and 
distance  to  which  sparks  are  carried;  and  the  effect  of  different 
types  of  netting  upon  the  quantity,  size,  and  fire-carrying  prop- 
erties of  locomotive  sparks. 

Important  data  not  previously  available  are  included  and  cer- 
tain fundamental  factors  which  have  hitherto  received  too  scant 
attention  are  stressed.  The  volume  is  gotten  out  in  a  most  attrac- 
tive form,  is  fully  illustrated,  bound  in  flexible  leather,  and  should 
prove  a  valuable  addition,  not  only  to  the  library  of  the  railway 
mechanical  engineer,  but  to  others  working  in  applied  fields. 

White     Lightening.    By     Edwin     Herbert     Lewis.    Covici 

McGee  Co.,  Chicago,  1923.     Price,  $2.00. 

This  is  a  novel,  not  a  treatise  on  chemistry  or  electricity. 
The  reason  for  this  notice  is  that  here  is  a  piece  of  literature 
written  by  a  man  who  draws  his  illustrations  as  easily  and  more 
freely  from  chemistry  than  from  the  classics,  and  who  evidently 
has  more  respect  for  the  heroes  of  science  than  for  those  of  myth- 
ology. It  deals  with  the  war,  Indian  lore,  big  business,  out  of 
doors,  and  sociological  problems.  In  fact,  it  contains  all  the 
elements  of  modem  fiction  except  the  post-marital  triangle, 
so  skilfully  interwoven  in  the  romance  that  no  one  of  them  could 
be  left  out  without  a  distinct  loss  to  the  continuity. 

Some  of  the  supposedly  original  achievements  of  the  youthful 
hero  may  seem  marvelous  to  those  of  us  who  know  with  what 
travail  such  ideas  are  brought  forth,  but  perhaps  such  intellectual 
tours  deforce  should  be  considered  no  more  improbable  than  the 
physical  accomplishments  which  we  swallow  without  hesitation 
in  most  works  of  fiction.  As  is  usually  the  case  when  a  writer 
without  exhaustive  technical  training  deals  with  scientific  mat- 
ters, some  statements  are  made  which  an  expert  might  question; 
however,  such  slips  are  not  frequent  enough  to  seriously  annoy 
the  chemist  or  mislead  the  general  reader.  The  book  is  clean, 
though  distinctly  not  asexual.  The  English  is  modem  and 
good,  the  style  is  clear,  and  the  book  is  easy  reading.  The  re- 
viewer recommends  this  book  to  any  of  his  confreres  who  enjoy 
fiction,  and  also  to  the  public  at  large,  which  should  get  from  its 
perusal  a  clearer  idea  of  the  proper  position  of  science  in  the  per- 
spective of  modem  life.  _,  ti    „      o 

Warren  Rufus  Smith 


September,  1923 
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A  development  of  considerable  interest  to  American  petroleum 
exporters  is  the  recent  announcement  by  the  Argentine  govern- 
ment of  a  project  for  the  building  of  a  complete  oil  refinery  at 
La  Plata,  and  a  smaller  refinery  at  Plaza  Huincul,  Argentina. 
(P.  17}  ^ 

The  Compagnie  Occidentale  des  Produits  du  Petrole,  of 
Paris,  has  under  consideration  plans  for  enlarging  its  facilities 
at  Donges,  which  will  make  this  plant  the  largest  petroleum 
importing  and  distributing  center  in  France.     (P.  18) 

A  new  method  of  making  coal  gas  has  been  invented  by  C. 
B.  Tully,  an  engineer  of  Newark-on-Trent,  Nottinghamshire. 
Experimental  work  has  passed  the  research  stage.  Mr.  Tully 
has  succeeded  in  reducing  the  amount  of  carbon  monoxide  in 
household  gas  below  the  usual  12  per  cent.     (P.  19) 

The  Italian  Ministry  of  Industry  and  Commerce  has  appointed 
a  technical  commission  to  study  the  necessity  for  establishing 
standard  specifications  covering  petroleum  products,  including 
gasoline,  kerosene,  lubricating  oils  and  greases,  fuel  oils,  etc. 
(P.   19j 

A  survey  of  divi-divi  sources,  development,  and  trade  is  de- 
scribed. The  efficacy  of  this  product  as  a  tanning  agent  is  ex- 
emplified in  the  significant  increases  in  our  imports  since  191.5, 
when  it  was  generally  adopted  by  American  tanners.  Its  tannin 
content  ranges  from  40  to  45  per  cent.     (Pp.  32-33) 

The  scale  of  prices  for  the  1923-24  nitrate  year,  adopted  by 
unanimous  consent  at  the  general  meeting  of  the  board  of  di- 
rectors of  the  Italian  Nitrate  Producers'  Association,  is  given 
together  with  corresponding  prices  for  the  year  1922-23.     (P.  39) 

Chemical  fertilizers  are  being  used  more  generously  in  Italy 
than  at  any  time  since  the  war.  In  1922  one  firm  supplied  541,- 
414  metric  tons  of  superphosphates,  as  compared  with  501,976 
metric  tons  in  1921,  and  the  strong  demand  for  the  spring  of  1923 
indicates  that  sales  for  the  present  year  will  reach  600,000  metric 
tons.     (P.  39) 

Two  sources  of  natural  potassium  nitrate  in  the  Caucasus  are 
described.  Both  deposits  are  in  the  south  Caucasus  mountain 
range,  approximately  40  miles  to  the  southeast  of  Tiglis.  One 
is  located  6  miles  south  of  the  Dzegan  railroad  station.  The 
salts  contained  therein  have  been  proved  by  surface  pits  to  be 
80  feet  deep.  Analysis  shows  3  per  cent  potassium  nitrate. 
The  second  deposit,  15  miles  from  the  Akstafa  station,  contains 
a  large  deposit  which  assays  up  to  10  per  cent.     (P.  39) 

The  preliminary  figures  for  May,  1923,  show  that  the  United 
States  export  trade  in  chemicals  has  been  rather  spotty  and  ir- 
regular, with  comparatively  large  shipments  of  a  commodity 
in  one  month  followed  by  small  shipments  in  the  next  month. 
Nevertheless,  the  steady  gain  in  the  total  exports  of  chemicals 
and  allied  products  continued  during  the  first  months  of  1923, 
until  the  aggregate  value  of  May  reached  $13,365,572 — the  peak 
month  for  the  year  thus  far,  and  an  increase  of  14  per  cent  over 
May,  1922.  Indications,  however,  are  that  importations  are 
still  in  excess  of  exportations  by  several  million  dollars.     (P.  85) 

The  South  African  market  for  perfumery  and  toilet  preparations 
is  described.     (Pp.  86-87) 

Reconstruction  in  the  textile  industries  in  the  northern  dis- 
trict of  France  has  advanced  to  such  an  extent  that  in  some  in- 
stances pre-war  production  has  been  exceeded.  Before  the  war 
the  dyeing  of  blue  fabrics  belonged  almost  exclusively  to  the 
Lille  region,  where  the  seven  principal  establishments  used  to 
treat  annually  an  average  of  100,000  pieces  of  100  meters,  with 
a  turnover  of  3,000,000  francs  (about  $600,000).  These  plants 
have  resumed  their  pre-war  leadership,  with  possibilities  of  still 
larger  production.  For  bleaching,  the  Lille  region  rates  two  im- 
portant establishments  whose  production  will  soon  exceed  the 
pre-war  output,  which  in  cotton  and  pure  linen  cloths  amounted 
to  about  500,000  pieces  annually,  with  a  3,000,000-franc  turn- 
over.    (P.  107) 


The  importation  of  chlorate  of  potash  into  China  is  prohibited 
(P.  125) 

The  salt  industry  in  Germany  is  described,  the  description  in- 
cluding methods  of  production,  producing  regions,  statistics 
showing  the  production  during  the  period  1913-21,  and  its  con- 
sumption and  uses  in  Germany.     (P.  159) 

A  company  has  recently  been  formed  in  Sweden  for  the  ex- 
ploitation, for  use  as  a  building  material,  of  the  large  deposits 
of  kieselguhr.  This  deposit  differs  from  all  others  in  that  there 
IS  a  natural  intermixture  of  about  20  per  cent  bituminous  prod- 
ucts. A  method  has  been  perfected  for  the  mechanical  mass 
production  of  plates  and  of  impregnating  them  through  a  simple 
and  inexpensive  process  by  which  they  will  be  completely  im- 
pervious to  moisture.  The  preliminary  plans  are  to  produce 
approximately  100,000  square  meters  of  insulating  plates  an- 
nually, but  to  increase  the  production  as  soon  as  possible.  (Pp 
106-67) 

Lime  production  in  Germany  in  1922  totaled  4,354,000  tons, 
an  mcrease  of  306,000  tons  or  7.5  per  cent  over  that  of  1921 
(P.  167) 

The  production  of  petroleum  iu  Italy  has  steadily  declined 
during  the  past  ten  years.     (P.  174) 

Germany's  production  of  petroleum  in  1922  amounted  to  but 
45,044  tons,  or  about  0.04  per  cent  of  the  world  production; 
yet  the  1922  estimate  is  higher  than  the  figure  for  any  year  since 
1916.     (P.  174) 

A  free  translation  is  given  of  the  statement  issued  by  the  in- 
dustrial experimental  laboratory  of  the  Mexican  Department  of 
Inilustry,  Commerce,  and  Labor  regarding  the  use  of  sangre 
de  drago  (dragon's  bloodj  as  a  tanning  extract.     (P.  179) 

The  Canadian  bill  to  amend  the  export  act,  providing  that 
the  Governor  in  Council  may,  by  regulation,  prohibit  the  ex- 
portation of  pulpwood  from  Canada,  was  assented  to  by  the 
Governor  General  on  June  30.     (Pp.  187-8) 

Beginning  with  November  1  an  import  license  must  be  obtained 
for  the  importation  into  France  of  all  benzenes,  benzines,  tol- 
uenes, and  spirits  derived  from  coal  tar,  pure  or  mixed,  gasoline 
and  simdar  products,  according  to  a  decree  of  May  30,  1923 
(P.  188) 

The  exportation  of  sulfate  of  ammonia  from  Tunis  is  subject 
to  license.     (P.  188) 

Anthraquinone  is  exempted  from  import  duty  by  a  French 
decree.      (P.  189) 

Eight  new  oil  claims  have  recently  been  denounced  in  Spain. 
Various  other  claims  are  in  process  of  investigation.     (P.  225) 

The  crude  mineral  oil  production  of  Japan  for  1922  was  1,860,- 
032  barrels,  a  decrease  of  14  per  cent  as  compared  with  the  vear 
1921.     (P.  225) 

The  Hongkong  camphor  and  camphor  oil  market  is  described. 
(Pp.  226-7) 

A  market  for  petroleiun  products  exists  in  Germany.  (Pp 
284-5) 

The  importance  of  -American  siunac  to  the  American  tanner  is 
described.     (Pp.  301-3) 

The  use  of  chemical  fertilizers  in  South  China  has  shown  a 
marked  mcrease  in  the  past  few  years,  the  fertilizer  most  in  de- 
mand being  sulfate  of  ammonia.     (P.  307) 

The  Chinese  wood-oil  situation  is  described.     (P.  307) 


Statistics  op  R 
Sweden— (P.  25) 

Wood  pulp 
Hongkong— (P.  3S) 

Wood  oil 
East  Prussia— (P.  198) 

Wood  pulp 


TO  THE  United  St.ates 
Netherlands— (P.  176) 
Beeswax 
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Fertilizers 
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Paints,   colors,   pigments,    etc. 
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United  Kingdo 


Brazil 

Dutch  East  Indies 
Paraguay 

Textile  Industries  of  Belgium  and   the    Netherlands,     S.   H.   Cross  and 
G.  E.  Anderson.      Trade  Information  Bulktin  105. 
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Lission  on  the  Calcium  Arsenate  Industry. 
ment  345.     21  pp.     Paper,  5  cents. 


Geological  Survey 

Asphalt  and  Related  Bitumens  in  1922.  K.  W.  Cottrell.  .Separate  fron 
Mineral  Resources  of  the  United  States,  1922,  Part  II.  7  pp.  Issuet 
July  19,  1923. 


Bismuth,  Selenium,  and  Tellurium  in  1922.  V.  C.  Heikes.  Separate 
from  Mineral  Resources  of  the  United  .States,  1922,  Part  I.  11  pp. 
Published  July  16,  1923. 

Ilsemannite  at  Ouray.  Utah.  F.  L.  Hess.  Bulletin  7S0-A.  Separate  from 
contributions  to  Economic  Geology,  1923,  Part  I.  16  pp.  Published 
June  28,   1923. 

Lead  and  Zinc  Pigments  and  Salts  in  1922.  C .  E.  Siebenthal  and  A.  Stolu. 
Separate  from  Mineral  Resources  of  the  United  States,  1922,  Part  I. 
9  pp.     Published  July  23,   1923. 

Lead  in  1922.  General  Report.  C.  E.  Siebenthal  and  A.  Stoll.  Sep- 
arate from  Mineral  Resources  of  the  United  States,  1922,  Part  I.  10 
pp.     Published  July  17,  1923. 

Mineral  Resources  of  the  United  States  in  1920.  Part  I.  Introduction. 
G.  F.  LOUGHLIN.     131  pp.     Issued  July,  1923. 

Progress  Report  on  a  Subsurface  Study  of  the  Pershing  Oil  and  Gas  Field, 
Osage  County,  Oklahoma.  W  W.  Rubey.  Bulletin  75I-B.  Sep- 
arate from  Contributions  to  Economic  Geology,  1923,  Part  II.  48 
pp.      Published  July    IS,    1923. 

Surface  Water  Supply  of  the  United  States,  1919-1920.  Part  L  North 
Atlantic  Slope  Drainage  Basins.  N.  C.  Grover,  C.  H.  Pierce,  C.  C. 
Covert,  O.  W.  Hartwell,  and  G.  C.  Stevens.  Prepared  in  cooperation 
with  the  States  of  Maine.  New  Hampshire,  Vermont,  Massachusetts, 
Connecticut,  New  York,  and  Pennsylvania.  Water-Supply  Paper  SOI. 
330  pp.     Paper,  30  cents. 

Surface  Water  Supply  of  the  United  States,  1919  and  1920.  Part  XII. 
North  Pacific  Slope  Drainage  Basins.  A.  Pacific  Basins  in  Wash- 
ington and  Upper  Columbia  River  Basin.  N  C.  Grover,  G  L  Parker, 
AND  W.  A  Lamb.  Prepared  in  cooperation  with  the  States  of  Wash- 
ington, Montana,  and  Idaho,  Water-Supply  Paper  512.  262  pp. 
Paper,  23  cents. 

Surface  Water  Supply  of  the  United  States,  1919-1920.  Part  X.  The 
Great  Basin.  N.  C.  Grover,  A.  B.  Purton.  H.  D.  McGlashan, 
F.  F.  Henshaw,  C.  G.  Paulsen,  and  Robert  Follansbee.  Prepared 
in  cooperation  with  the  States  of  Utah,  Nevada,  California,  Oregon, 
Wyoming,  and  Idaho.  Water-Supply  Paper  510.  348  pp.  Paper, 
30  cents. 

The  Lime  Belt  of  Massachusetts  and  Parts  of  Eastern  New  York  and  West- 
ern Connecticut.  T.  N.  Dale.  Bulletin  744.  71  pp.  Paper,  30 
cents. 

Zinc  in  1922.  C.  E.  Siebenthal  and  A.  Stoll.  Separate  from  Mineral 
Resources  of  the  United  States,  1922,  Part  I.  16  pp.  Published 
July    IS,    1923. 

National  Advisory  Committee  for  Aeronautics 

An  Airship  Slide  Rule.  E.  R.  Weaver  and  S.  F.  Pickering.  Report  160, 
12  pp. 

Public  Health  Service 

Indicators  for  pH  Control  of  Alum  Dosage.  Barnbtt  Cohen.  Reprint 
828  from  Public    Health    Reports.     4  pp.     Paper,  5  cents. 

Intensive  Localized  Distribution  of  the  Spore  of  B.  BotuUnus  and  Probable 
Relation  of  Preserved  Vegetables  to  Type  Demonstrated.  J.  C.  Geiger 
AND  Harriet_;^Benson.  Public  Health  Reports  38  (July  20,  1923), 
1611-5. 

Present  Status  of  Sanitary  Engineering.  Suggestions  for  Objects  and  Aims 
of  the  Sanitary  Engineering  Division  of  the  American  Society  of  Civil 
Engineers.  H.  P.  Eddy.  Reprint  831  from  Public  Health  Reports. 
13  pp.     Paper,  5  cents. 

Standardization  of  Insulin.  I.  Toxicity  of  Insulin  for  White  Rats  as  In- 
fluenced by  Temperature  of  Room  in  Which  Animals  Are  Kept.  Carl 
Voegtlin  and  E.  R.  Dunn.  Public  Health  Reports  38  (August  3,  1923), 
1747-9. 

Studies  on  Oxidation-Reduction.  I.  Introduction.  W.  M.  Clark. 
Reprint  823  from  Public   Health   Reports.     12  pp.     Paper,  5  cents. 

Studies  on  Oxidation-Reduction.  II.  An  Analysis  of  the  Theoretical  Re- 
lations between  Reduction  Potentials  and  pH.  W.  M.  Clark  and  Har- 
nett Cohen.  Reprint  826  from  Public  Health  Reports.  18  pp.  Paper, 
3  cents. 

Studies  on  Oxidation-Reduction.  IV.  Electrode  Potentials  of  Indigo 
Sulfonates,  Each  in  Equilibrium  with  Its  Reduction  Product.  M  X. 
Sullivan.  Barnett  Cohen,  and  W.  M.  Clark.  Public  Health  Reports 
38  (July  27,  1923),  1669-1718. 

Studies  on  the  Bio-Assay  of  Pituitary  Extracts  Concerning  the  Use  of  a 
Desiccated  Infundibular  Powder  as  a  Standard  in  the  Physiological 
Evaluation  of  Pituitary  Extracts.  M.  I.  Smith  and  W.  T.  McClosky. 
Reprint  822  from  Public  Health  Reports.     22  pp.     Paper,  5  cents. 

Smithsonian  Institution 

Some  Practical  Aspects  of  Fuel  Economy.  C.  W.  Mitman.  Publication 
2715.     19  pp.     June  2,  1923. 
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MARKET  REPORT- AUGUST,  1923 

[Supplied  by  Drug  &  Chemical  Markets] 


Although  there  has  been  some  spasmodic  buying  of  chemicals 
in  a  small  way  during  the  month,  price  movements,  where  they 
have  not  become  stagnated  at  low  levels,  were  downward  in  the 
big  majority  of  cases.  Quotations  for  all  groups  of  chemicals, 
coal-tar  products,  oils,  and  allied  products  reached  the  lowest 
point  of  the  year  during  August.  With  numerous  prices  quoted 
below  production  costs,  and  each  sale  representing  a  loss,  sellers 
have  gradually  built  up  a  resistance  to  further  price  shading  dur- 
ing the  month.  Rather  than  take  too  great  a  loss  on  goods  which 
are  held  in  storage,  sellers  who  are  financially  able  are  withdraw- 
ing from  the  market.  The  chemical  market,  as  a  whole,  has  be- 
come thoroughly  disorganized,  which  condition  can  be  traced 
back  directly  to  large  operations  by  financially  weak  importers 
throughout  four  months  of  a  falling  market. 

Usual  summer  dullness  and  a  waiting  policy  on  the  part  of 
buyers  holds  business  at  a  minimum.  The  first  part  of  August 
was  reported  somewhat  better  than  that  of  July,  but  far  from 
satisfactory  from  sellers'  point  of  view.  Prices  of  domestic 
chemicals  have  now  assumed  a  tendency  to  decline  while  im- 
ported materials  have  steadied  slightly,  especially  those  of  Ger- 
man origin.  Uncertainty  of  the  future  continues  to  keep  buyers 
marking  time  in  purchasing  and  they  have  been  taking  only 
enough  for  immediate  requirements.  This  procedure  has  de- 
veloped the  keenest  type  of  competition  among  dealers,  while 
manufacturers  have  been  shading  prices  as  well  to  get  the  busi- 
ness. 

Alkalies  have  been  a-  steady  feature  in  the  market.  Manu- 
facturers of  caustic  soda  and  soda  ash  report  business  slightly 
above  normal  for  this  season  of  the  year,  with  prices  on  a  stable 
basis.  The  increased  cost  of  production  has  been  offset  by  the 
increased  volume  of  business  this  year  and  makers  are  reluctant 
to  increase, prices.  Rumors  of  a  price  war  in  the  fall  are  without 
foundation  according  to  producers.  Demand  for  heavy  acids 
has  been  moderate  at  unchanged  prices.  Oxalic  acid  is  easier. 
Bleaching  powder  has  been  in  an  unsettled  state  owing  to  a 
slow  summer  demand  and  keen  competition  among  makers  and 
dealers.  Some  dealers  have  been  quoting  below  manufacturers' 
prices.  Chlorine  has  been  subject  to  price  shading.  Bichro- 
mates have  been  declining  gradually  owing  to  a  continued  lack 
of  demand  and  keen  competition  between  makers.  Demand  for 
copper  sulfate  has  quieted  down  and  prices  are  easier  owing  to 
weakness  in  the  metal.  Imported  sodium  prussiate  has  recovered 
from  its  slump  and  is  quoted  higher,  while  domestic  makers  have 
reduced  prices  to  meet  the  competition.  Barium  compounds  are 
firmer,  especially  the  imported  products. 

Domestic  production  of  potassium  permanganate  has  been 
started  with  prices  slightly  higher  than  the  imported  material. 
Potassium  chlorate  has  been  in  good  demand  and  prices  are 


higher.  Imported  caustic  potash  is  steady  with  shipment  prices 
slightly  higher.  Domestic  is  imchanged.  Yellow  potassium 
prussiate  is  steady  while  the  red  variety  is  lower.  Mercury  has 
declined  to  $63.00  to  $64.00  per  flask  owing  to  a  weakening  in 
the  London  market.  Tin  crystals  were  unchanged  during 
August,  while  tin  oxide  was  lower. 

Arsenic  and  calcium  arsenate  continue  weak  at  a  time  when  the 
market  should  be  strong.  The  lack  of  demand  for  arsenate 
has  been  very  disappointing  to  the  dealers  in  this  commodity. 
Early  estimates  predicted  that  there  would  be  a  shortage  of  ar- 
senate this  year  and  dealers  in  the  South  and  North  stocked 
up  in  anticipation  of  an  active  demand  when  the  boll  weevil 
began  its  attack  on  the  cotton  plants.  Owing  to  a  dry  season 
in  the  South,  the  boll  weevil  did  not  appear  in  great  numbers 
this  year,  and  much  arsenate  has  been  left  in  the  hands  of  dealers, 
who  have  been  anxious  to  dispose  of  their  stocks  at  almost  any 
price.  Prices  have  dropped  to  11  or  12  cents  per  pound  from 
earlier  quotations  of  16  and  17  cents  per  pound.  Toward  the 
middle  of  tlie  month  a  demand  for  arsenate  and  Paris  green  de- 
veloped owing  to  the  appearance  of  large  numbers  of  cotton  leaf 
worms. 

The  situation  on  coal-tar  products  has  improved  during  the 
summer  months.  Supplies  are  more  plentiful  and  prices  are 
easier  to  meet  than  those  recently  prevailing.  Open  market 
prices  for  phenol  have  been  close  to  30  cents  per  pound,  while 
two  domestic  makers  of  synthetic  phenol  are  quoting  35  cents 
per  pound  at  works.  Cresylic  acid  has  also  declined  and  pale 
material  has  been  sold  from  75  to  85  cents  per  gallon.  Demand 
for  these  products  has  not  been  active,  however.  Benzene  and 
toluene  are  lower  owing  to  a  larger  stock  in  sellers'  hands.  Naph- 
thalene has  been  quiet.  Pyridine  has  been  scarce  and  prices 
are  holding  at  high  levels.  Intermediates  and  coal-tar  dyes  have 
been  very  quiet.  Prices  of  intermediates  remain  steady,  while 
dyestuff  prices  are  subject  to  shading.  A  domestic  maker  of 
synthetic  indigo  announced  an  advance  from  22  to  26  cents  per 
pound  in  car  lots. 

With  the  future  uncertain,  buyers  are  not  anticipating  their 
requirements  and  are  only  purchasing  oils  for  their  immediate 
needs.  Linseed  oil  has  been  declining  steadily  and  is  now 
below  the  $1.00  level.  China  wood  oil  is  holding  steady 
owing  to  the  small  offerings  from  China  and  meager  stocks  on 
spot.  Menhaden  oil  has  been  yielding  to  the  lack  of  buying  in- 
terest and  operators  in  the  Chesapeake  district  have  reduced 
their  prices.  Buyers  are  still  holding  off  waiting  for  lower  prices. 
Cod  oil  has  been  declining  gradually.  Salicylic  acid  is  lower 
owing  to  keen  competition  among  manufacturers.  Prices  appear 
to  be  stabilized  at  35  cents  per  pound,  which  is  the  same  price 
quoted  for  phenol. 
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INDUSTRIAL  CHEMICAL  PRICES 
Average  Price  Per  Hundred  Pounds   of 
Twenty  Representative  Heavy  Chemicals 
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INOBQANIC  CHEMICALS 


Acid,  Boric,  cryst.  bbls lb. 

Hydrocbloric.comm'l.  20  "  lb. 

Hydrofluoric,  30%  bbls..  .lb. 

Hydriodic,  10%  U.S.  P...lb. 

Nitric,  42°,  cbys.  c/1  wks.Ib. 

Phosphoric,  50%  tech. ...lb. 

Sulfuric,  C.  P lb. 

66°  tks.  wks ton 

Olfum,  20% ton 

Alum,  Ammonia.  lump lb. 

Potash ,  lump lb. 

Chrome lb. 

Soda,  ground lb. 

Aluminum  Sulfate  (iron-free). lb. 
Ammonium  Carbonate,  pwd..lb. 

Chloride,  white  gran lb. 

Ammonia,  anhydrous lb. 

Ammonia  Water,  drums.  26°. lb. 

Arsenic,  white lb. 

Barium  Choride ton 

Nitrate lb. 

Barytes,  white ton 

Bleaching  Powd.,  35%,  works 

100  lbs. 

Borax,  cryst.,  bbls .lb. 

Bromine,  pure,  wks lb. 

Calcium  Chloride,  fused,  f.o.b. 

N.  Y ton 

Chlorine,  liquid lb. 

Copper  Sulfate 100  lbs. 

Iodine,  resubUmed lb. 

Lead  Acetate,  white  crystals . .  lb. 

Nitrate lb. 

Red 100  lbs. 

White  (Carb.) lb. 

Lime,  live  and  hydrated,  bbl.lb. 

Oyster  shell lb. 

Lime  Acetate 100  lbs. 

Magnesium  Carbonate,  tech.  .lb. 

Magnesite,  calcined ton 

Phosphorus,  yellow lb. 

Red lb. 

Plaster  of  Paris,  tech bbl. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate,  calc.,80-85%.lb. 

Chlorate,  cryst lb. 

Hydroxide,  88-92% lb. 

Iodide,  bulk,  U.  S.  P lb. 

Nitrate lb. 

Permanganate,  U.  S.  P..  .lb. 

Prussiate,  red lb. 

Yellow lb. 

Salt  Cake,  bulk ton 

Silver  Nitrate oz. 

Soda  Ash,  58%,  bags 100  lbs. 

Caustic,  76%,  N.  Y.  100  lbs. 
*  Resale  or  Imported  (not  i 


.65 

.65 

.65 

.05M 

■  05H 

.06 

.08 

.03 

.08 

.09 

.09 

.07 

15.00 

15.00 

15.00 

19.00 

19.00 

18.00 

■  oaa 

.03}^ 

.03M 

•.03K 

•.03Ji 

*.03H 

.05H 

.05H 

.05>4 

.04 

.04 

.04 

.02H 

.02H 

.02}^ 

.09 

.09 

.0914 

.07H 

.07K 

.01  y^ 

.30 

.30 

.30 

.OTA 

.07"^ 

.07H 

.09 

.10 

.15>4 

*80.00 

*S2.50 

•92.50 

*.07Ji 

*.07U 

*.o->i 

33.50 

33.50 

33.50 

1.75 

1.75 

2.15 

.Oi'A 

.OSJi 

■  ObVi 

.29 

.29 

.29 

24.50 

24.50 

24.50 

.05U 

.OoU 

.05M 

5.35 

5.25 

6.25 

4.55 

4.55 

4.60 

.14 

.14 

.13 

.22 

.22 

.22 

11.40 

11.40 

10.60 

.095i 

.09Ji 

.OSi^ 

3.30 

3.30 

3.30 

.lOJi 

.10,'s 

.10 

.17 

•.161.^ 

.14 

•.06>i 

•.06>.-i 

•.05 

•.07 

•.07 

*.05 

•.07}^ 

•.07H 

•.08 

3.75 

3.75 

3.60 

.06M 

.061^ 

.06 

26.00 

26.00 

28.00 

.44H 

.44H 

.44 

•2.00 

•2.00 

•2.00 

3.70 

3.70 

3.50 

Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulfite,  powd lb. 

Chlorate lb. 

Cyanide,  96-98%, lb. 

Fluoride,  tech lb. 

Hyposulfite,  bbls..  .  100  lbs. 

Nitrate,  95% 100  lbs. 

Nitrite lb. 

Prussiate,  yellow lb. 

Phosphate  (di-sod.),  tech. lb. 

Silicate,  40° 100  lbs. 

Sulfide,  60%,  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude,  mines long  ton 

Tin  Bichloride,  50%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbls lb. 


Aug.  1 

Aug.  15 

Jan.  1923 

.05^ 

.05 

.07K 

2.25 

2.25 

2.00 

.08 

.08 

.01% 

.04 

.04 

.04 

.06\i 

.06K 

.06K 

.23 

.23 

.23 

.09>^ 

.09}^ 

.09'A 

2.90 

2.90 

3.60 

2.42H 

2.42>4 

2.57}4 

.07i4 

.07)4. 

.08H 

.UVi 

.14 

.ISJi 

.0334 

.03H 

.03,4 

.80 

.80 

.80 

.05 

.05 

.05 

•.10 

*.10 

*.08Ji 

3.00 

3.00 

3.00 

14.00 

14.00 

14.00 

•  ll's 

.11}^ 

.lO'A 

ORGANIC  CHEMICALS 


AcetaniUde,  U.S.  P.,  bbls lb. 

Acid,  Acetic,  28  p.  c 100  lbs. 

Glacial 100  lbs. 

Benzoic,  U.  S.  P lb. 

Carbolic,  cryst.,  U.  S.  P., 

drums lb. 

50-  to  no-lb.  tins.,  .lb. 

Citric,  crystals,  kegs lb. 

Oxalic,  cryst.,  bbls.,  wks.Ib. 

P3T0galhc,  resubhmed.  .  .lb. 

SaUcylic,  U.  S.  P lb. 

Tannic,  U.S.  P.,  bbls lb. 

Tartaric,  cryst.,  U.  S.  P.. .  lb. 

Acetone,  drums lb. 

Alcohol.denatured,  complete,  gal. 

Ethyl.  190  proof,  bbls... gal. 

Amyl  Acetate gal. 

Camphor,  Jap,  refined,  cases  .lb. 
Carbon  Bisulfide,  c/1 lb. 

Tetrachloride lb. 

Chloroform,  U.  S.  P. ,  drums .  .  lb. 

Creosote,  U.  S.  P lb. 

Cresol,  U.  S.  P lb. 

Dextrin,  corn 100  lbs. 

Imported  Potato lb. 

Ether,  U.  S.  P..  100  lbs lb. 

Formaldehyde,  bbls lb. 

Glycerol,  dynamite,  drums.  .  .lb. 

Methanol,  pure,  drums gal. 

Methylene  Blue,  med lb. 

Petrolatum,  light  amber lb. 

Pyridine gal. 

Starch,  corn,  pow'd 100  lbs. 

Potato,  Jap lb. 

Sago lb. 


3.38 
12.78 


3.38 
12.78 


3.17H 
12.05 


•.48H 
.13H 
1.55 


4.75 

4.75 

4.70 

4.50 

4.50 

2.50 

.87 

.87 

.88 

.06M 

.0654 

.06H 

.lO'A 

.lOA 

.lOH 

.35 

.35 

.35 

.50 

.50 

.40 

.36 

.36 

.25 

3.79 

3.79 

3.09 

.07 

.07 

.09 

.13 

.13 

.13 

.14 

.14 

.16 

.15  A 

.16 

.16H 

1.30 

1.30 

1.35 

2.25 

2.25 

2.25 

.04H 

.04J^ 

.03?i 

4.00 

4.25 

2.75 

3.22 

3.22 

2.47 

1920 

1921                  1                  1922 

1923                1 

MKDICIMAL  CHEMICAL  PRICES 
\verage   Price   of  Twenty  Repre-; 
aentatlve  Pine  Cher.icals 

^ 

> 

■«a. 

■ 

S 

" 

S( 

1 

V 

s 

' 

ui    1    ' 

'  '  1  ' 

1 

s, 

1 

1 

— 

— 

— 

- 

- 

- 

- 

- 

^ 

< 

^ 

H- 

-Ljd^ 

- 

— 

— 

:^ 

L. 

. 

. 

=-- 

=H 

— 

-l 

-n 

- 

— 

— 

— 

— 

- 

— 

— 

— 

T^ 

1 

-J 

— 

^ 

= 

=a 

- 

- 

- 

— 

- 

— 

- 

- 

— 

1 

i 

1 

"- 





_ 



L 

_ 

L 

1 

U 

U 

_j 

u 

1 

_J 

u 

u 

u 

U 

U 

U 

-J 

1 

, 1 

u 



1 

1 

lJ 

Courtesy  oj  Dmg  &  Chemical  Markets 


990 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


OILS,  WAXES,  ETC. 

Aug.  1 

Beeswax,  pure,  white lb.  .37 

CMtor  Oil,  No.  3 lb-  -13}^ 

Ceresin,  yellow lb.  -08 

Corn  Oil,  crude,  tanks,  mills.,  .lb.  .07Ji 
Cottonseed  Oil,  crude,  f.  o.  b. 

mill "'•  — 

Unseed  Oil,  raw,  lc/1 gal.  1-00 

Menhaden  Oil,  crude,  mills. . .  gal.  .  40 

Neafs-foot  Oil.  20° lb.  .  16 Ji 

Paraffin,  128-130  m.  p..  ref.. .  .lb.  .04 

Rosin,  "F"  grade.  280  lbs.. .  .bbl.  6.00 

Rosin  Oil.  first  run gal.  .45 

SheUac.  T.  N lb-  -^ 

Sperm    Oil,    bleached    winter. 

38» g»l-  -'S 

Stearic  Acid,  double  pressed. . .  lb.  .13 

Tallow  Oil,  acidless lb.  .  lOH 

Turpentine,  spirits  of gal.  .98 

METALS 

Aluminium.  No   1,  ingots lb.  .25 

Antimony,  ordinary 100  lbs.  6 .  75 

Bismuth ">•  2.75 

Copper,  electrolytic lb.  AiVs 

Lake lb-  -1*^8 

Lead.N.Y 100  lbs.  6. SO 

Nickel,  electrolytic lb.  .29 

Platinum,  refined,  soft oz.  116.00 

Quicksilver,  flask 75  lbs.  ea.  65.00 

Silver,  foreign oi.  .63H 

Tin lb-  -SS?! 

Tungsten  Wolframite per  unit  8 .  50 

ZincN.  Y 100  lbs.  6.65 


FEBTILIZEB  MATERIALS 


.08H 


.95 

6.25 

.45 

.45 

.57 

.80 

.99 

1.03 

.13 

.12H 

.10 

.11^ 

6.75 

6.75 

2.75 

2.75 

.14!s 

.14Ji 

.14?-g 

.14M 

6.50 

7.80 

.29 

.36 

116,00 

118.00 

64.00 

73.00 

.63,1^ 

.63 

.  38,1-8 

.39 

8.50 

7.50 

6.55 

8.25 

Ammonium  Sulfate,  expt .  100  lbs.  3 .  40  3 .  45  3 .  90 

Blood,  dried,  f.o.b.  N.Y...  unit  3.75  3.75  4.70 

Bone,  3  and  50,  ground,  raw. .  ton  28 .00  25 .  00  28 .  00 

Calcium    Cyanamidc,    unit    of 

ammonia 2.25  2.25  2.25 

Fish  Scrap,  dried,  wks unit  3.75  3.7o  5.35&.10 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton  3.25  3.25  3.00 

Florida.  70% ton  3.55  3.55  3.55 

Florida, 74-75% ton  4.50  4.50  4.50 

Tennessee,  72% ton  5.50  5.50  5.25 

Potassium  Muriate.  80% unit  .68  .68  .68 

Tankage,  high-grade,   f.  o.   b. 

Chicago unit  3.60&.10     3.60&.10     4.75&.10 

COAL-TAB  CHEMICALS 

Crudes 

Anthracene,  80-85% lb.  .75  .75  .75 

Benzene,  pure,  tanks gal.  .25  .25  .30 

Naphthalene,  flake lb.  .07H  .07M  .06H 

Phenol,  drums lb.  .35  .35  .32 


Crudas     (.conciuded) 

Toluene,  pure,  tanks gal. 

Xylene,    2    deg.    dist.    range, 

drums gal. 

Intermediates 
Acids; 

Anthranilic lb. 

Benzoic,  tech lb. 

Cleve's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

MonosuLfonic  F lb. 

Napbtbionic.  crude lb. 

Nevile  &  Winther's lb. 

Picric lb 

Sulfanilic lb. 

Tobias' lb. 

Aminoazobenzene lb. 

AniUne  OU lb. 

Aniline  Salt lb. 

Anthraquinone  (sublimed) lb. 

Benzaldebyde,  tech lb. 

U.S.  P lb. 

Benzidine  Base lb. 

Benzidine  Sulfate lb. 

Diaminophenol lb. 

Dtanisidine lb. 

^-Dichlorobenzene lb. 

Diethylaniline lb. 

Dimethylaniline lb. 

Dinitrobenzene lb. 

Oinitrotoluene lb. 

Diphenylamine lb. 

GSalt lb. 

Hydroquinol lb. 

Monochlorobenzene lb. 

Monoethylaniline lb. 

6-Naphthol.  dist lb. 

a-Naphthylamine lb. 

fr-Naphtbyiamine lb. 

m-Nitroaniline lb. 

^•Nitroaniline lb. 

Nitrobenzene  (Oil  Mirbane) . .  .lb. 

p-Nitrophenol lb. 

o-Nitrotoluene lb. 

p-Nitrotoluene lb. 

m-Phenylenediamine lb. 

p.Pbenylenediamine lb. 

Phthalic  Anhydride lb. 

RSalt lb. 

Resorcinol,  tech lb. 

U.S.  P lb. 

Schaefier's  Salt lb. 

Sodium  Naphthionate lb. 

Thiocarbanilide lb. 

ToUdine  (base) lb. 

Toluidine,  mixed lb. 

o-Toluidine lb. 

p-Toluidine lb. 

m-Toluylenediamine  lb. 

Xylidine lb. 


Aug.  1 

.28 
.65 


1.00 

1.70 


.60 
2.30 


Vol.  15,  No.  9 

Aug.  15         Jan.  1923 


.28 


.19M 

.19, 

.19 

.19 

.48 

.48 

.55 

.55 

1.25 

1.25 

.10 

.10 

1.00 

1.00 

.22 

.22 

.74 

.74 

.10 

.10 

.00 

1.00 

.30 


1.25 
1.85 


1.30 

1.30 

1.30 

1.15 

1.15 

1.15 

.17 

.17 

.17 

.24 

.24 

.25 

1.30 

1.30 

1.30 

.75 

.75 

.65 

1.50 

1.50 

1.40 

.82 

.82 

.84 

.70 

.70 

.70 

3.80 

3.80 

3.75 

4.60 

4.60 

4.50 

.98 

.98 

1.00 

1.45 

1.45 

1.50 

.30 

.30 

.35 

.55 

.55 

.55 

1.50 

1.50 

1.50 

2.00 

2.00 

2.00 

.60 

.60 

.60 

.62 

.62 

.62 

.90 
.60 
.30 

1920 

1921 

1922 

1923                II 
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EDITORIALS 


The  Prize  Essay  Contest 

/^HEMISTS  have  a  splendid  opportunity  for  service  in 
^-^  carrying  out  the  details  of  the  prize  essay  contest  made 
ix).ssible  by  a  gift  on  the  part  of  Mr.  and  Mrs.  Francis  P. 
Garvan  to  encourage  the  study  of  chemistry  so  that  the 
youth  of  the  land  may  appreciate  what  the  science  is  doing 
for  our  everydajf  life.  Six  topics  have  been  chosen  bj'  the 
coimnittee,  and  the  first  prize  of  a  twenty  doUar  gold  piece 
with  a  certificate  wiU  be  awarded  in  each  state  and  the  Dis- 
trict of  Columbia  for  the  best  essay  within  these  geographical 
areas  on  each  topic.  Undoubtedly,  efforts  will  be  made 
within  the  various  states  to  pro\'ide  inducements  for  further 
study  in  the  form  of  scholarships  in  the  institutions  of  higher 
education.  From  among  the  state  winners  a  national  com- 
mittee, to  be  announced  later,  will  select  the  winners  to  re- 
ceive the  four-year  scholarsliips  at  Yale  or  Vassar.  These 
scholarsliips  carry  $500  a  year  and  tuition,  and  were  made 
possible  by  the  generosity  of  Mr.  and  Mrs.  Garvan. 

This  is  not  all  the  story,  for  to  insure  access  to  suitable 
literature,  the  reading  of  which  will  stimulate  the  imagination 
of  contestants  and  indicate  methods  of  attacking  their 
problem,  Mr.  Garvan  has  provided  for  the  distribution  of 
more  than  ten  thousand  sets  of  five  books  each,  these  to  be 
sent  to  the  accredited  secondary  schools,  both  public  and 
private,  without  so  much  as  a  request.  A  number  of  sets 
will  also  be  deposited  wth  libraries  prepared  to  faciUtate 
their  circulation,  and  w-e  prophesy  that  the  coming  winter 
will  see  a  wider  demand  for  and  a  more  extensive  reading 
of  popular  literature  on  chemical  subjects  than  ever  before. 
We  all  recognize  that  in  the  boys  and  girls  lies  our  greatest 
opportunity  to  encourage  chemistry.  Tliis  does  not  mean 
that  we  expect  all  high  and  secondary  school  students  to 
become  chemists.  It  does  mean  that  attention  will  be 
drawn  to  chemistry  as  a  cultural  study,  that  a  viader  view 
upon  everyday  affairs  will  be  obtained,  and  that  chemistry 
will  be  placed  in  the  popular  estimation,  on  a  par  with 
astronomy,  for  example,  which  has  obtained  a  big  hold  upon 
the  layman. 

This  is  the  first  nation-wide  plan  of  this  kind  to  be  evolved. 
In  accepting  its  administration  the  Societt  has  assumed  a 
real  responsibility.  It  is  a  call  to  the  indi\'idual  chemist  as 
well  as  to  the  organized  sections  to  recognize  their  responsi- 
bility in  the  successful  completion  of  the  work.  Everything 
possible  is  being  done  to  bring  the  contest  before  the  boys  and 
girls,  and  we  must  expect  frequent  calls  for  assistance  in 
recommending  literature,  sometimes  in  discussing  the  chemi- 
cal work,  and  perhaps  in  arranging  for  visits  to  plants  utUizing 
chemistry  in  some  of  its  phases.  There  wiU  doubtless  also 
be  a  large  number  of  essays  to  be  seriously  considered  in  the 
competition.  In  fact,  it  is  difficult  to  predict  all  the  ways  in 
which  some  service  may  be  required.  While  the  prizes  are 
to  be  awarded  to  students  of  liigh  school  grade,  much  of 
the  benefit  of  the  contest  -ndll  eventually  accrue  to  chemists 
and  their  science.  We  therefore  have  a  direct  interest  in  the 
success  of  the  contest. 

A  prize  essay  committee  has  been  organized,  wth  the 
secretary  equipped  to  handle  inquiries  which  chemists  and 
others  may  care  to  make.  There  wiU  be  ample  explanatory 
literature  for  distribution,  and  it  is  hoped  that  adequate  and 
proper  publicity  for  our  effort  may  be  obtained.    It  is  another 


opportunity  for  chemists  to  show  the  value  of  their  organiza- 
tion. The  work  at  its  inception  holds  promise  of  marked 
success. 


The  American  Chemical  Prize 

VY/^HEN'Dr.  Smith  announced  at  Pittsburgh  that  the 
Allied  Chemical  and  Dye  Corporation  through  WiUiam 
H.  Nichols  as  spokesman  had  founded  an  annual  prize  of 
$25,000,  the  CouncU  wisely  cho.se  a  conunittee  consisting  of 
Edgar  F.  Smith,  E.  W.  Morley,  C.  F.  Chandler,  F.  P.  Venable, 
and  Ira'Renisen,  to  collaborate  with  representatives  of  the 
corporation  in  arranging  the  necessary  details.  Shortly  be- 
fore the  New  Haven  meeting  the  death  of  Dr.  Morley  was 
announced_and  Theodore  W.  Richards  has  taken  his  place 
upon  the  committee.  The  committee  was  not  ready  to 
report  at  New  Haven  and  the  Council  eagerly  awaited  its 
report  at  Milwaukee.     The  magnificent  prize  will  be  known  as 

THE  AMESICAN  CHEMICAL  PRIZE 

{Founded  by  the  Allied  Chemical  and  Dye  Corporation) 

and  "win  be  awarded  annually  to  that  chemist,  man  or 
woman,  a  citizen  or  resident  of  the  United  States  of  America 
at  the  time,  who  in  a  certain  year  or  through  a  period  of 
years  has  made  a  contribution  of  high  merit  or  in  some 
marked  way  has  promoted  the  betterment  of  society  through 
the  science  of  chemistry." 

Our  committee  is  to  designate  the  additional  members  of 
the  American  Chemical  Society  upon  the  jury  of  award, 
and  as  soon  as  tliis  jury  can  be  completed  and  agree  upon 
recommendations  the  first  recipient  of  the  prize  will  be  an- 
nounced. Tliis  recognition  of  outstanding  work  in  chemistry 
cannot  fail  to  benefit  chemistry  in  America  to  a  degree  in 
comparison  with  which  the  monetary  reward  to  the  chemist 
is  insignificant.  Somehow,  for  the  encouragement  of  the 
large  number  of  chemists  who  now  work  faithfully  in  obscure 
places,  we  hope  the  first  to  receive  this  prize  will  be  some  one 
who  has  labored  in  a  little-known  laboratory  with  inadequate 
facilities.  We  should  like  to  see  it  demonstrated  that  a  man 
with  native  ability  and  steadfast  purpose  can  achieve  things 
even  though  he  does  not  have  the  advantages  obtained  in 
large  institutions  and  centers  of  population.  We  should 
also  hke  to  see  one  of  the  younger  men  encouraged  in  his 
work,  as  an  indication  that  the  prize  is  not  to  go  necessarily 
to  the  older  members  of  the  profession  and  to  dispel  the  idea 
that  in  addition  to  outstanding  work  a  man  must  attain 
years  before  he  can  win  fuU  recognition. 

Long  after  those  who  have  been  instrumental  in  the  foun- 
dation of  this  annual  prize  have  passed  on,  the  science  and 
the  general  pubUc  will  continue  to  reap  the  harvest.  The 
thanks  of  chemists  are  properly  due  to  William  H.  Nichols, 
a  past  president  of  our  Society,  an  honorary  member,  and 
the  recipient  of  many  scientific  honors,  who  has  acted  as 
spokesman  for  the  Allied  Chemical  and  Dye  Corporation  in 
this  matter.  As  for  our  committee,  nothing  that  can  be 
said  here  would  add  to  the  frequent  expressions  of  the  debt 
of  gratitude  that  American  chemists  owe  the  members  of  the 
committee  for  their  continued  work  which  has  done  so  much 
in  the  past,  as  in  the  present,  to  bring  chemistry  to  the  fore- 
front and  maintain  America's  position  as  a  nation  unsur- 
passed in  its  modern  chemical  achievement. 
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In  Duncan's  Footsteps 

A  CCORDING  to  the  best  of  our  information  it  was  the 
-^*-  late  Robert  Kennedy  Duncan  who,  in  modern  times, 
emphasized  the  necessity  of  popularizing  our  science  in  or- 
der to  win  that  sympathetic  appreciation  on  the  part  of  the 
public  which  we  must  have  if  fundamental  research  and 
even  the  industrial  application  of  its  results  is  to  have  sup- 
port upon  an  adequate  scale.  The  "Chemistry  of  Com- 
merce" and  other  works  by  Duncan  are  classics,  and  form 
the  nucleus  of  a  growing  series  of  publications  which  are 
not  only  valuable  to  us  as  chemists,  but  which  have  attracted 
so  wide  a  circle  of  nontechnical  readers  as  to  make  them 
commercially  attractive  to  the  publishers. 

Interest  in  the  popularization  of  science  on  the  part  of 
those  charged  with  public  responsibiUty  is  manifest  in  the 
message  upon  the  cover  of  our  September  issue,  which  was 
especially  prepared  for  Industrial  and  Engineering  Chemistry 
by  the  Secretary  of  Commerce,  and  shows  an  appreciation 
for  science  which  until  lately  has  been  unique  among  public 
men. 

The  women  of  the  country  are  becoming  increasingly  in- 
terested in  the  application  of  science  to  everyday  life.  Those 
who  heard  Mrs.  Winter  at  the  General  Meeting  at  Milwaukee 
could  not  fail  to  be  impressed  by  her  plea  for  further  simplifi- 
cation of  scientific  facts  to  facilitate  their  assimilation  by  the 
intelligent  lay  reader.  She  offered  the  cooperation  of  the 
efficient  organizations  of  American  women  if  chemists  will 
do  their  part  in  preparing  the  results  of  their  labors,  their 
plans  for  the  future,  and  statements  concerning  the  signifi- 
cance of  their  work,  so  they  may  be  comprehended  without 
previous  training  in  the  science. 

The  newspapers  must  consider  the  desire  of  the  public  in 
preparing  copy  for  their  numerous  editions,  and  subjects  not 
considered  news  are  practically  debarred  from  their  columns. 
We  doubt  if  any  organization  has  ever  obtained  more  de- 
sirable space  in  first-rate  newspapers  than  was  accorded  the 
American  Chemical  Society  in  connection  with  the  Mil- 
waukee meeting.  We  seem  to  have  passed  the  stage  when  a 
few  inches  tucked  away  on  an  inconspicuous  page  was  con- 
sidered adequate  by  the  editor.  We  are  frequently  given 
preferred  space,  and  our  stories  are  carried  on  different  pages 
•of  the  same  edition. 

We,  who  are  committed  to  the  popularization  of  our  science 
through  the  publication  of  authentic  but  nontechnical 
articles,  are  further  encouraged  by  the  steadily  changing 
.attitude  of  those  who  confine  their  efforts  to  researches  in 
pure  science.  In  this  group  are  the  representatives  of 
^sciences  other  than  chemistry  who  have  come  toreahzethat, 
"to  some  extent  at  least,  the  present  position  of  chemistry  in 
America  is  due  to  the  willingness  of  even  our  most  renowned 
chemists  to  have  the  public  understand  their  work. 

All  of  which  means  that  something  is  happening.  The 
public  is  asking  for  chemical  information.  The  daily  press 
is  making  a  greater  effort  to  study  that  demand,  and  the 
■extent  to  which  we  may  go  in  securing  publicity  depends 
wholly  upon  the  cooperation  which  the  chemist  gives,  not 
•only  to  our  A.  C.  S.  News  Service,  our  News  Edition,  and  the 
publicity  coimnittees  of  local  sections,  but  to  the  individual 
reporter  bent  upon  serious  inquiry.  Sometimes  we  cannot 
.approve  the  headlines  employed,  but  these  are  becoming 
more  satisfactory  and,  after  all,  are  not  so  objectionable  as 
would  be  an  omission  of  authentic  chemical  information  from 
the  daily  press. 

We  have  established  an  enviable  reputation  in  the  populari- 
.zation  of  science  and  our  influence  can  be  greatly  extended 
'with  your  hearty  cooperation. 


An  Appeal  for  Opinions 


T^IME  after  time  the  Council  of  the  Society  creates  a  com- 
■*■  mittee  of  busy  men  and  charges  them  with  the  duty  of 
formulating  plans  or  making  decisions  upon  questions  of 
vital  interest  to  the  life  and  growth  of  our  organization. 
Having  created  the  committee,  members  of  the  Society 
forget  their  responsibility  in  its  work,  and  as  a  consequence 
may  be  disappointed  in  the  committee's  report  when  it  ap- 
pears. We  know  that  in  many  localities  men  are  devoting 
a  great  deal  of  thought  to  questions  now  before  the  Society, 
but  for  some  unexplained  reason  results  of  their  deliberations 
are  too  seldom  registered  with  those  who  endeavor  to  serve 
the  Society.  We  wish  to  appeal  to  sections  and  individuals 
to  send  their  criticisms  and  suggestions  to  the  committees 
seeking  information.  Two  of  the  committees  continued — 
namely,  those  on  intersectional  meetings  and  the  classification 
of  membership — have  before  them  questions  which  merit  pro- 
longed discussion.  These  questions  should  be  discussed  by  the 
local  sections  and  their  recommendations  transmitted  through 
the  executive  committees.  In  no  other  way  wiD  committees 
be  able  to  discharge  their  duty  as  they  see  it  and  perform  the 
service  which  they  desire  to  render.  There  are  more  than 
sixty-five  sections  in  the  American  Chemical  Society,  and 
the  Committee  on  Intersectional  Meetings  has  heard  from 
but  twenty-nine.  The  Committee  on  Prize  Essays  has  also 
appealed  to  various  local  sections  for  recommendations  with 
respect  to  the  personnel  of  state  committees  and  other  de- 
tails.    The  response  has  been  far  from  complete. 

These  and  other  questions  shoidd  be  placed  upon  the  pro- 
gram of  each  local  section  for  early  consideration  and  dis- 
cussion. Do  not  let  the  matter  end  with  discussion.  By 
all  means  transmit  to  the  appropriate  committee  or  individual 
specific  opinions  containing  suggestions  along  definite  lines 
and,  whgre  possible,  complete  plans  for  consideration.  In 
the  case  of  questions  requiring  sectional  action,  communica- 
tions should  be  official  and  not  merely  the  expression  of 
individual  ideas. 


Earning  Power  of  Research 

/^RIGINALLY,  the  lead  from  which  cable  sheaths  are 
^-^  made  was  given  a  3  per  cent  admixture  of  tin  to  obtain 
the  necessary  mechanical  properties  in  the  alloy.  About 
twelve  years  ago  the  price  of  tin  advanced,  while  the  mcrease 
in  the  quantity  required  for  new  telephone  cable  construction 
became  so  large  that  research  was  called  upon  to  provide 
a  substitute.  As  a  result  new  sheaths  contain  one  per  cent 
of  antimony  and  in  ten  years  the  new  formula  has  earned  a 
saving  approximating  $6,000,000. 

Another  important  metallurgical  result  was  an  improved 
contact  metal  used  in  the  milUons  of  relays  and  tiny  switches 
required  in  telephone  plants  and  central  stations.  Since  1916 
this  new  metal  has  earned  through  savings  about  $13,000,000. 

Another  illustration  of  the  earning  power  of  research 
taken  from  the  experience  of  the  Bell  system  is  the  use  of 
so-called  phantom  circuits.  A  simple  circuit  consists  of 
two  line  wires.  In  phantoming  it  is  possible  to  superimpose 
a  third  circuit  upon  two  pairs  of  such  wires,  utilizing  each 
pair  as  if  it  were  a  single  fine  wire.  At  present  there  are 
about  400,000  mUes  of  phantom  circuit  in  the  Bell  system. 
The  cost  involved  in  obtaining  these  phantom  circuits  was 
about  $9,000,000,  but  the  cost  of  the  additional  copper  wire 
necessary  to  string  simple  circuits  to  do  this  work  would 
have  been  $90,000,000. 

These  earnings  are  real  and  the  income  upon  the  investment 
in  research  wliich  makes  them  possible  is  greater  than  that 
usually  obtained  in  commercial  ventures. 
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Minimizing  Human  Error 

T^HOSE  who  ha\'e  been  for  long  associated  with  the  scientific 
■*■  apparatus  and  supply  business  know  how  continually 
Americans  have  been  told  that  it  would  be  impossible,  for 
three  principal  reasons,  to  produce  precise  ware  in  this  coun- 
try. These  reasons  are  fundamental  characteristics  which 
differentiate  American  business  methods  from  those  of  most 
other  countries,  and  upon  two  of  these  the  success  of  many 
an  American  enterprise  has  to  a  large  extent  depended. 
Fu'st,  our  standards  of  living  make  high  wages  necessary  in 
practically  every  line  of  our  activity.  Second,  to  compete 
successfully  with  this  unavoidable  high  cost,  we  have  de- 
veloped automatic  or  semi-automatic  machinery  to  an  un- 
usually high  degree.  Third,  the  manufacture  of  precise 
scientific  instruments  requires  a  patience  and  diligence,  not 
to  saj'  an  actual  lo\'e  of  one's  work,  which  unfortunately  has 
never  been  characteristic  of  the  American  worker.  But  those 
who  assured  us  that  precision  glassware,  for  example,  would 
never  be  made  in  America,  did  not  take  into  account  American 
genius  in  providing  mechanical  devices  which  would  be  almost 
human  in  their  movements,  and  which  would  not  only  mini- 
mize errors  of  the  workman,  but  provide  a  substitute  for  an 
extreme  accuracy  which  they  thought  impossible  in  America. 

We  are  accustomed  to  think  of  "shoes  and  ships  and  sealing 
wax,"  automobOes,  tj^pewriters,  sewing  machines,  etc.,  as 
standardized  and  produced  in  immense  quantities,  but  it  has 
taken  Americans  to  standardize  and  produce  in  quantity  such 
an  article  as  an  analytical  buret  of  precision.  A  recent  visit 
to  a  plant  in  Vineland,  N.  J.,  impressed  us  most  of  all  with  the 
great  genius  displayed  in  minimizing  human  errors  and  in 
attaining  a  quantity  production  of  precise  apparatus  which 
makes  it  more  nearly  possible  to  compete  with  low  wage 
standards  of  other  countries  and  to  surpass  in  quality  ap- 
paratus formerly  made  solely  by  hand. 

We  used  to  marvel  at  the  skill  of  the  glass-blower  who  was 
able  to  produce  standard  lengths  of  tubing,  fairly  uniform  in 
diameter  and  thickness  of  wall,  but  here  is  a  mechanical  de- 
vice which  works  continuously  and  draws  tubing  to  a  given 
size  varying  not  more  than  0.2  mm.  in  diameter  and  0.02  mm. 
in  thickness  of  wall,  without  striae  or  air  bubbles.  Such 
tubing  is  blown  by  the  mile  and  is  cut  in  specified  lengths  by  an 
automatic  machine  as  it  cools. 

To  be  sure,  the  graduation  of  a  buret  made  from  such  an 
ideal  piece  of  straight  tubing  is  comparatively  simple,  and 
yet  to  do  this  mechanicallj^,  making  allowances  for  slight  but 
inevitable  variations,  even  in  machine-made  tubing,  is  an 
accomplishment  worthy  of  note.  The  tubing  is  first  fitted 
with  a  stopcock  and  is  then  coated  with  wax  upon  which  the 
engraving  is  done  prior  to  etching.  Bench  marks  are  placed 
at  intervals  on  the  basis  of  weighed  mercury  fillings.  This 
part  of  the  process  is  carried  out  by  an  expert  operative,  using 
all  possible  mechanical  aids.  The  tube  is  next  put  into  the 
automatic  grading  machine  upon  which  adjustments  are 
made  so  that  the  major  diA-isions  coincide  accurately  with 
those  previously  determined.  Each  interval  is  automatically 
graduated  with  the  same  number  of  divisions,  and  in  this 
fashion  error  is  practically  eliminated.  The  etching  of  the 
glass  and  the  removal  of  the  wax,  followed  by  filling  the  etched 
marks  with  color,  is  but  a  detail. 

The  marked  success  mth  which  ware  made  in  this  fashion 
meets  the  requirements  of  the  Bureau  of  Standards  is  ample 
e\-idence  of  the  success  of  the  process.  It  has  taken  much 
expenditure  of  patience,  enerigy,  and  ea])ital  to  achieve  what 
now  appears  simple.  It  shows  the  determination  of  some 
Americans  never  again  to  be  dependent  for  essentials  upon 
other  sources,  and  if  we  are  so  constituted  as  a  people  that  we 
compete  with  difficulty  where  the  work  is  tedious  and  often- 
times uninteresting,  we  appear  to  have  the  ability  to  create 


machines  which  will  do  such  labor  for  us.  It  is  a  piece  of  work 
undertaken  in  a  field  where  the  monetary  returns  are  not  large 
and  the  volume  of  business  is  never  great,  but  it  indicates  a 
spirit  which  we  appreciate  and  applaud. 


Where  Lies  the  Difficulty? 

'lA/'E  HAVE  received  several  comments  upon  a  "want  ad" 
by  a  member  of  the  Society  which  appeared  in  a  recent 
number  of  the  News  Edition. 

The  following  is  taken  from  one  of  these  letters : 

What  is  wrong  with  our  profession  when  its  younger  members  insist 
upon  advertising  themselves  for  work  "salary  unimportant."  etc.?  (I 
won't  go  through  the  list.)  Are  we  not  the  doctors  of  the  material  world? 
Has  not  every  trouble  in  the  material  world  a  chemical  foundation?  Why, 
then,  are  the  chemists  the  poorest  paid,  the  worst  treated,  the  most  ignored 
of  professional  men?      Do  we  act  like  professional  men? 

Does  the  college  professor's  influence  rob  the  profession  of  the  wage 
demands  its  members  should  make?  Does  the  smallness  of  the  college 
professor's  salary  cause  him  to  advise  his  students  to  accept  niggardly  terms? 
Or,  are  the  graduates  and  chemists  of  no  greater  value  than  the  salary  they 
now  earn?  Are  there  too  many  chemists  or  too  many  so-called  "chemists?" 
Does  the  individual  chemist  dispense  his  knowledge  too  readily  to  the  laymen 
with  the  desire  to  appear  learned,  forgetting  that  he  is  robbing  his  brother 
chemists  of  their  wage?  *  *  * 

Has  professional  dignity  and  disdain  for  monetary  matters  dragged  the 
profession  down?  Probably  there  are  many  men  who  work  for  science's 
sake  alone,  without  any  thought  of  using  their  knowledge  as  a  means  tea 
livelihood,  but  the  great  advances  in  technical  work  have  been  made  by  men 
whose  bread,  butter,  and  position  depended  upon  their  getting  results. 

I  know  you  cannot  answer  these  questions,  nor  do  I  expect  you  to  do  so. 
Most  of  them  may  be  far-fetched.  However,  I  feel  that  a  real  problem  exists 
and  that  something  should  be  done  to  solve  it.  We  who  are  in  responsible 
positions  should  shoulder  some  of  the  problems  of  the  under  dog,  because 
we  are  no  doubt  in  some  sense  responsible  for  his  state  of  being.  It  is  not  an 
impossible  task.  The  physicians  have  a  dignified  profession  and  yet  they 
charge  for  it,  their  elevation  in  the  laymen's  mind  increasing  with  their 
increase  in  rates. 

Why,  then,  must  chemists  advertise  themselves  as  willing  to  work  for 
nothing  or  almost  nothing?  Are  our  graduates  so  narrowly  trained  that  they 
can  doonlyone  kind  of  work?  Are  they  single-tracked?  Are  they  afraid  of 
work?  Have  they  been  disillusioned?  At  any  rate,  after  a  chemist  (a  real 
chemist)  has  served  an  apprenticeship  of  some  years,  should  not  his  aver- 
age salary  compare  favorably  with  that  of  men  in  other  professions?  How 
are  we  going  to  get  rid  of  the  ne'er  do  wells? 

As  our  friend  states,  we  cannot  attempt  to  answer  all  these 
questions.  Graduation  signifies,  not  the  completion  of  one's 
education,  but  its  commencement.  The  coUege  course  is  a 
success  if  it  equips  a  man  so  that  he  can  grasp  facts  readily, 
know  sources  of  reUable  information,  and  segregate  truth 
from  the  mass  of  material  offered  to  him.  Because  he  can  do 
these  things  the  graduate  chemist  is  worth  a  fair  wage  and 
only  a  fair  wage  until  he  begins  to  become  acquainted  with 
the  detailed  work  of  his  employer.  No  doubt  the  employer 
feels  that  the  experience  gained  by  the  chemist  should  be 
reckoned  as  a  part  of  his  remuneration;  but  in  too  many  cases 
the  chemist  is  kept  too  long  on  probation.  He  should  be  pro- 
moted in  a  substantial  manner,  given  to  understand  that  such 
promotion  has  not  been  earned,  or  replaced  within  a  reason- 
able time.     Nothing  is  so  deadening  as  uncertainty. 


The  Priestley  Medal 

T^HE  award  of  the  Priestley  Medal  to  Ira  Remsen  is 
■*■  another  ei-idence  of  the  work  originally  undertaken 
through  the  enthusiasm  of  the  late  Francis  C.  PhilUps.  The 
Priestley  Medal  is  an  important  award.  It  is  a  distinct 
honor  which  wiU  be  conferred  once  in  three  years  in  accor- 
dance ■ndth  the  rules  established  by  the  Priestley  Medal 
Committee.  Tins  conmiittee  has  done  valuable  work  in 
as,«embhng  letters,  apparatus,  and  books  of  Joseph  Priestley, 
and  placing  much  of  this  material  in  the  old  home  at  North- 
umberland, Pa.,  which  is  being  restored  as  a  result  of  the  com- 
mittee's further  acti\'ity.  There  is  also  the  portrait  of 
Priestley  presented  to  the  National  Museum  in  Wasliington, 
and  now  this  gold  medal  which  will  be  more  and  more  higlily 
prized  as  its  import  is  understood.  We  congratulate  Dr. 
Remsen,  who  is  the  first  recipient  of  the  medal,  and  beUeve  its 
triennial  award  will  be  a  further  incentive  to  chemists  to 
put  forth  their  best  efforts. 
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MILWAUKEE  MEETING 


'  I  ^HE  events  of  the  short  five  days  occupied  by  the  Sixty- 
*■  sixth  Meeting  of  the  American  Chemical  Society  held  at 
Milwaukee,  Wis.,  September  10  to  14,  inclusive,  can  be  recorded 
in  comparatively  little  space,  but  only  time  can  record  the  far- 
reaching  effect  which  the  developments  at  Milwaukee  will  have 
upon  the  future  of  American  chemistry. 

In  summarizing,  briefly,  the  outstanding  features  of  the 
meeting,  first  place  must  be  given  to  the  two  prize  awards  which 
will  be  sponsored  by  the  American  Chemical  Society  as  a  re- 
sult of  the  generous  gifts  of  the  Allied  Chemical  and  Dye  Corpora- 
tion on  the  one  hand  and  Mr.  and  Mrs.  Francis  P.  Garvan  on 
the  other.  Stimulation  for  both  the  workers  in  chemistry  and 
those  who  are  about  to  begin  a  career  is  provided  through  these 
two  magnificent  prize  offers. 

Next  in  order  of  importance  perhaps  was  the  splendid  scien- 
tific showing  made  by  the  Society  through  the  work  of  its 
divisions  and  sections,  which  provided  a  total  of  more  than  three 
hundred  papers  on  a  wide  range  of  chemical  and  allied  subjects. 
Not  only  were  these  papers  of  intense  interest  to  the  assembled 
members,  but  many  of  them  furnished  interesting  newspaper 
stories,  thus  keeping  the  work  of  the  Society  before  the  public. 

The  great  interest  displayed  by  college  men,  as  well  as  those 
identified  with  the  industries,  in  the  subject  of  chemical  educa- 
tion and  the  general  recognition  that  the  future  of  chemistry 
depends  largely  upon  the  training  of  the  coming  chemist,  as  well 
as  the  desire  of  all  to  make  this  training  as  effective  as  possible, 
might  well  be  characterized  as  another  outstanding  feature  of 
the  meeting. 

The  award  of  the  first  Priestley  Medal  to  Dr.  Ira  Remseu; 
the  public  meeting  at  which  Mrs.  Thomas  G.  Winter,  president 
of  the  General  Federation  of  Women's  Clubs,  delivered  an  ad- 
dress full  of  practical  suggestions  for  bringing  chemistry  home  to 
the  public;  the  trip  to  Madison,  Wis.;  and  lastly,  the  splendid 
manner  in  which  the  convention  was  handled  by  the  local  com- 
mittee completes  the  brief  survey  of  outstanding  features,  but 
by  no  means  describes  the  various  other  items  of  business  and 
scientific  interest  which  transpired.  Entertainments  for  all 
and  especially  for  the  ladies  were  provided  most  lavishly  by  the 
local  hosts. 

Following  the  council  meeting  on  Monday,  the  meeting  was 
formally  opened  Tuesday  morning  in  Plankinton  Hall  of  the 
Municipal  Auditorium.  Clare  H.  Hall,  the  chairman  of  the 
local  section,  presided.  Welcoming  addresses  were  made  by 
Mayor  Daniel  W.  Hoan,  State  Senator  Oscar  Morris,  and  Pres- 
ident Albert  C.  Fox  of  Marquette  University.     President  Frank- 


lin responded  for  the  Society,  after  which  two  general  addresses 
were  delivered.  Charles  F.  Burgess,  director  of  the  C.  F.  Bur- 
gess Laboratories,  spoke  on  "Marketing  Chemical  Discoveries," 
and  Dean  Arthur  I.  Kendall,  of  the  Medical  School  of  North- 
western University,  spoke  on  "Bacteria  and  the  Chemist." 

Special  general  divisional  programs  arranged  by  the  Divisions 
of  Physical  and  Inorganic  Chemistry,  Organic  Chemistry,  and 
the  Section  on  Chemical  Education  occupied  the  afternoon  of 
the  first  general  meeting  day.  In  the  evening  a  dinner  and 
entertainment  were  provided  which  turned  the  thoughts  of  those 
present  from  science  to  sociability,  and  a  very  enjoyable  evening 
was  spent. 

All  the  divisions  and  sections  met  some  time  Wednesday  or 
Thursday,  and  some  on  both  days.  Symposia  on  "Bread," 
"Soils,  Fertilizers,  and  Crops,"  "Synthetic  Methods,"  "Gelatin," 
"Chemistry  of  Glandular  Products,"  "Activated  Sludge,"  and 
"Biological  Chemistry"  were  held  in  connection  with  several 
of  the  divisional  meetings. 

f  The  Section  on  Chemical  Education  held  a  joint  meeting  with 
the  Division  of  Industrial  and  Engineering  Chemistry  and  the 
Milwaukee  Chamber  of  Commerce.  While  few  of  the  last  group 
attended  the  meeting,  the  main  object  was  accomplished,  be- 
cause educators  and  industrialists  were  provided  with  an  op- 
portunity to  air  their  views,  which  they  did,  and  a  wholesome 
cooperative  effort  will  very  likely  result. 

Mention  has  already  been  made  of  two  features  of  the  public 
meeting  on  Wednesday  evening.  The  closing  number  on  the 
program  of  the  meeting  was  an  address  by  President  E.  C.  Frank- 
lin on  "Systems  of  Acids,  Bases,  and  Salts." 

The  trip  to  Madison,  Wis.,  including  inspection  of  the  Uni- 
versity of  Wisconsin  buildings  and  the  Forest  Products  Labo- 
ratory, proved  to  be  very  delightful  to  the  one  hundred  and  fifty 
or  more  who  spent  Friday  as  the  guests  of  the  Wisconsin  Section. 
Industrial  excursions  in  Milwaukee  had  been  provided  for  those 
not  desiring  to  make  the  trip  to  Madison. 

Newspapers  of  Milwaukee  were  quite  generous  with  their 
space  in  recording  the  doings  of  the  Society  and  it  was  quite 
evident  from  this  and  from  the  remarks  of  Mayor  Hoan  that 
chemistry  has  found  an  important  place  in  the  activities  of  the 
City  of  Milwaukee.  Doubtless  the  recent  meeting  will  help  to 
impress  its  importance  more  firmly  upon  the  public.  This 
should  be  compensation,  in  a  small  way  at  least,  for  the  splendid 
hospitality  and  untiring  efforts  of  the  Milwaukee  .Section  in  mak- 
ing the  Sixty-sixth  Meeting  of  the  Society  so  successful. 


Guests  oh  Wisconsin  Section  at  Madison,  Wis 
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The  Council  Meeting 

Past  Presidents  Bancroft,  Herty,  Hillebrand,  Smith,  and 
Whitney,  the  officers  of  the  Society,  and  108  councilors  were 
present  at  the  council  meeting  which  was  held  in  Milwaukee 
on  September  10. 

The  Prize  Essay  Contest  was  announced  in  some  detail  by  the 
chairman  of  the  committee,  whose  report  was  received  with  the 
enthusiasm  due  an  undertaking  of  this  importance. 

Edgar  F.  Smith,  chairman  of  the  committee  appointed  after 
the  Pittsburgh  meeting  to  arrange  all  matters  relative  to  the 
annual  prize  made  possible  by  the  Allied  Chemical  and  Dye  Cor- 
poration, reported  that  the  committee  had  agreed  upon  "The 
American  Chemical  Prize"  as  the  name  of  this  annual  award, 
and  that  the  jury  of  award  is  to  be  a  self-perpetuating  body  con- 
sisting of  five  representing  the  American  Chemical  Society 
and  two  appointed  by  the  Allied  Chemical  and  Dye  Corporation. 
The  Council  not  only  approved  the  report  as  presented,  but  em- 
powered its  committee,  consisting  of  Edgar  F.  Smith,  C.  F. 
Chandler,  F.  P.  Venable,  Ira  Remsen,  and  Theodore  W.  Rich- 
ards, to  designate  five  who  are  officially  to  represent  the  Society 
upon  the  jury  of  award. 

The  application  of  the  Section  on  Chemical  Education  to  be- 
come a  division  was  approved.  A  number  of  additional  fellow- 
ships have  been  founded  since  our  last  annual  meeting,  and 
Secretary  Parsons  read  a  list  of  existing  fellowships  including 
these  additions.     This  list  will  appear  in  the  Proceedings. 

Upon  the  motion  of  the  Committee  on  the  Metric  System  it 
was  voted  that  hereafter  the  metric  system  should  be  used  in  all 
Society  journal  articles,  with  English  equivalents  in  parenthe- 
sis if  the  authors  so  desire.  The  recent  announcement  that, 
following  overtures  by  the  drug  manufacturers,  the  Public 
Health  Service  and  later  the  Army  had  abandoned  its  former 
policy  of  purchasing  drug  and  medical  supplies  by  metric  units 
on  the  plea  of  a  slight  economy,  brought  forth  a  resolution 
unanimously  passed  disapproving  this  action  and  expressing 
great  disappointment  at  the  step,  which  certainly  appears  to  be 
a  backward  one. 

The  report  of  the  editor  of  the  Technologic  Monographs  was 
approved,  as  was  the  interim  report  of  the  Finance  Committee, 
presented  by  the  treasurer. 

The  invitation  of  the  Washington  Section  to  hold  the  spring 
meeting  of  1924  in  that  city  in  April,  with  definite  date  to  be 
announced  later,  was  approved.  The  invitation  of  the  Cornell 
Section  to  entertain  the  annual  meeting  in  1924  was  unanimously 
accepted. 

The  Advisory  Committee,  having  given  careful  consideration 
to  the  financial  needs  of  the  local  sections,  brought  in  a  recom- 
mendation that  beginning  with  1924  local  sections  be  given  a 
rebate  of  $5.00  on  each  new  member  paying  $15.00  dues,  and 
$2.50  on  any  nonmember  reinstated  in  membership  after  an 
interval  of  two  years,  provided  this  membership  is  originally 
transmitted  to  Secretary  Parsons  and  rebate  claimed  by  the 
secretary  of  the  local  section  or  the  chairman  of  its  membership 
committee. 

It  was  voted  that  the  Committee  on  Chemical  Education  of 
the  Division  of  Chemical  Education  be  made  a  committee  of  the 
Council. 

When  the  Committee  on  Progress  in  Society  Procedure  re- 
ported at  New  Haven,  its  recommendation  for  the  establishment 
of  two  special  committees,  one  to  investigate  the  question  of 
intersectional  or  regional  meetings  and  the  other  the  classifi- 
cation of  membership,  was  adopted.  Both  questions  are  com- 
plicated by  a  number  of  factors,  and  while  the  Council  sees  the 
wisdom  of  proceeding  very  slowly,  there  was  some  disappoint- 
ment that  circumstances  made  it  impossible  for  more  than  prog- 
ress reports  to  be  made.  One  of  the  conditions  has  been  the 
failure  of  many  local  sections  to  express  their  views  on  these 
questions.     Both  committees  were  continued  and  will  endeavor 


to  make  reports  at  the  Washington  meeting,  but  no  progress  can 
be  made  by  them  unless  those  individuals  and  groups  which 
have  given  thought  to  these  matters  express  their  views  to  the 
chairmen  of  the  respective  committees. 

Both  these  committees  having  sprung  from  work  before  the 
Committee  on  Progress  in  Society  Procedure,  it  occurred  to  sev- 
eral individual  councilors  that  much  time  might  have  been  gained 
had  some  member  of  the  older  committee  been  placed  upon  each 
of  these  new  committees,  so  that  some  continuity  in  the  work 
might  have  been  maintained  and  the  duplication  of  certain  effort 
thereby  avoided. 

A  new  local  section,  with  headquarters  at  State  College,  Pa., 
was  authorized  as  soon  as  certain  formal  requirements  have  been 
met.  The  report  of  the  Supervisory  Committee  on  Standard 
Methods  of  Analysis  was  referred  to  the  Advisory  Committee 
and  the  motion  to  permit  student  members  to  become  enrolled 
in  September  with  dues  of  $3.50  for  the  balance  of  the  year  was 
approved.     The  editors  were  reelected. 

Another  recommendation  of  the  Council  at  New  Haven 
creating  an  Executive  Committee  to  replace  the  present  Com- 
mittee on  National  Policy,  to  have  the  usual  powers  of  an  execu- 
tive committee  and  to  have  full  authority  to  act  ad  interim  for 
and  in  behalf  of  the  Council  on  questions  of  national  policy  or 
import  and  to  serve  in  an  advisory  capacity  to  the  Coimcil,  was 
approved.  This  committee  will  consist  of  the  immediate  past 
president,  the  president,  the  secretary,  the  treasurer,  the  editors 
of  the  Society's  journals,  and  three  councilors.  The  present 
coxmcilors,  A.  M.  Coraey  and  Wm.  McPherson,  were  continued 
upon  the  new  committee,  and  George  D.  Rosengarten  was 
elected  as  a  third  member.  The  provision  for  the  election 
of  directors  by  some  regional  plan  has  been  greatly  desired  by 
some  sections,  and  a  satisfactory  plan  having  been  devised  by 
the  Advisory  Committee,  this  was  unanimously  adopted.  It 
will  require  another  year  to  put  the  plan  into  full  effect.  Full 
details  will  be  given  in  the  Proceedings. 

The  size  of  the  Council  then  came  under  discussion  and  the 
recommendation  of  the  Advisory  Committee  that  the  right 
to  substitution  be  discontinued  was  refused.  A  number  of  other 
plans  were  suggested  and  debated  at  length,  but  the  final  action 
of  the  Council  was  that  the  size  of  the  body  is  not  to  change. 
This  is  a  reversal  of  the  vote  at  New  Haven. 

The  name  of  the  Division  of  Leather  Chemistry  was  changed 
to  Leather  and  Gelatin  Chemistry.  There  was  prolonged  dis- 
cussion of  two  motions  presented  by  the  Leather  Division.  The 
first  motion  was  intended  to  rescind  the  Council  action  that  no 
papers  be  presented  unless  the  titles  are  printed  upon  the  final 
program.  This  motion  was  lost.  The  second  motion  was  to 
bring  about  a  modification  of  the  action  taken  at  Pittsburgh  to 
the  effect  that  nonmembers  may  not  present  papers  before 
divisions  and  sections  unless  of  unusual  importance,  and  then 
only  upon  an  agreement  between  the  secretary  of  the  division  or 
section  and  of  the  Society.  After  prolonged  debate  the  Coun- 
cil approved  the  action  of  the  Secretary  so  far  taken  and  in- 
structed him  to  continue  his  present  policy  and  interpretation, 
except  as  provided  in  an  amendment  to  the  Pittsburgh  action — 
namely,  "except  papers  invited  by  chairmen  and  secretaries  of 
divisions,  and  that  such  papers  are  to  be  so  designated  on  the 
program." 

The  Council  approved  the  plan  of  encouraging  the  Cincinnati 
Section  to  organize  an  intersectional  or  regional  meeting  to  be  held 
in  conjunction  with  that  of  Section  C  at  the  December,  1923, 
meeting  of  the  American  Society  for  the  Advancement  of  Science. 

While  the  discussion  at  times  was  spirited,  the  Council  was 
harmonious  to  a  degree.  The  actions  taken  were  either  unani- 
mous or  by  considerable  majorities,  and  there  was  both  time  and 
opportunity  for  extensive  discussion  and  the  relation  of  many 
experiences.  After  a  hearty  vote  of  thanks  to  all  local  officers 
and  others  contributing  to  an  unusually  successful  meeting,  ad- 
journment was  taken  at  10: 30  p.m. 
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By  C.  F.  Burgess 


C.  F.  Burgess  La 


iGs,  Madison,  Wis. 


WERE  I  to  fall  into  the  spirit  of  the  times  and  try  to 
emulate  the  big  talkers  of  the  day,  I  would  dwell  upon 
the  noble  work  which  chemists  are  doing  in  the  cause 
of  humanity;  I  would  tell  how  they  are  being  deprived  by  the 
big  interests  of  their  birthright — a  living  wage;  I  would  show 
that  they  have  no  real  market  for  their 
product,  that  Wall  Street  controls  the  situ- 
ation; and  I  would  urge  that  it  is  time  for 
chemists  to  arise  and  throw  off  the  shackles 
which  are  holding  them  in  the  ranks  of  the 
oppressed. 

But  for  various  reasons,  one  of  which  is 
the  scarcity  of  facts  upon  which  to  base 
such  talk,  I  shall  take  an  opposite  course 
and  even  at  the  risk  of  incurring  possible 
displeasure,  I  shall  refer  to  the  product  of 
the  chemists'  brains,  chemical  ideas,  as 
a  commodity,  and,  therefore,  subject  to 
barter  and  exchange.  I  may  find  it  neces- 
sary to  depart  from  the  time-honored  cus- 
tom of  scientists  and  refer  to  the  value  of 
chemical  ideas  in  terms  of  money,  and  I 
hope  to  be  able  to  show  that  the  chemist 
has  in  his  own  control  the  methods  of  reg- 
ulating the  returns  for  his  services. 

In  using  the  term  "chemist"  in  this  dis- 
cussion, I  intend  to  refer  only  to  those 
men  of  chemical  training  who  have  ability  C.  F.  ] 

to  do  creative  work,  to  produce  "chemical 
ideas,"  as  differentiating  from  the  chemist  who  is  confined 
to  pure  routine  work,  and  is  like  the  Ford  type  of  me- 
chanic, whose  principal  experience  is  "screwing  in  bolt  No. 
647."  By  the  expression  "chemical  ideas"  I  refer  to  the  dis- 
coveries, inventions,  or  proposals  which  are  capable  of  being 
turned  to  the  service  of  man  through  offering  a  new  product, 
a  new  process,  a  "method  of  making  two  blades  of  grass 
grow  where  one  grew  before" — or,  in  other  words,  to  those 
ideas  which  have  a  value,  either  immediate  or  potential. 

During  the  past  few  years  a  great  deal  has  been  said  about 
the  earning  power  of  research.  Popular  interest  has  been  cre- 
ated. Graduate  and  undergraduate  courses  in  chemistry  show 
increased  enrolment.  There  is  a  rapidly  increasing  volume 
of  chemical  literature  and  the  production  of  chemical  ideas  is 
a  growing  industry.  In  chemical  circles,  however,  the  opinion 
prevails  that  the  chemist  is  not  sharing  adequately  in  the  profits 
which  arise  through  the  application  of  his  ideas.  Seldom  is 
the  suggestion  made  that  there  may  be  an  over-production 
from  chemical  research  and  that  the  meager  returns  to  the 
chemist  are  but  a  working  out  of  the  economic  law  of  supply 
and  demand. 

In  the  sense  that  there  is  an  established  market  for  manufac- 
tured goods,  for  agricultural  and  mineral  products,  for  the  works 
of  the  writer  and  composer,  it  might  be  said  that  there  is  no 
organized  or  established  market  for  chemical  ideas.  The  pro- 
ducer of  chemical  ideas  must  do  the  best  he  can  in  a  market 
which  may  at  best  be  described  as  chaotic. 

Such  market  as  does  exist  may  be  classified  into  various 
divisions. 

The  one  which  furnishes  the  easiest  path  for  marketing  chem- 
ical ideas  is  that  afforded  by  our  scientific  and  technical  societies, 
and  by  the  publishers  of  scientific  journals.     To  this  the  chemist 
1  Title  on  program,  "Marketing  Chemical  Discoveries," 


brings  his  wares  in  the  form  of  papers,  monographs,  or  theses. 
There  seems  to  be  little  restriction  upon  the  volume  which  can 
be  absorbed.  The  compensation  secured  through  this  outlet 
is  indefinite  and  comes  in  a  roundabout  way.  Through  a  pe- 
culiar system  which  has  been  evolved  in  our  educational  and 
other  publicly  endowed  chemical  labora- 
tories, an  investigator's  advancement,  title, 
and  salary  are  determined  in  large  measure 
by  his  research  ability.  And  this  in  turn 
is  often  measured  by  the  number  of  papers 
he  has  published.  The  public,  which  sup- 
ports these  laboratories,  is  in  the  end  the 
actual  purchaser  of  these  papers,  and  buys 
at  low  prices.  Knowing  something  of  the 
salaries  of  college  research  men,  and  of  the 
amounts  which  constitute  an  increase  of 
salary,  I  would  not  estimate  the  selling 
price  to  be  more  than  a  few  hundred  dollars 
per  paper. 

This  market  has  the  advantage  of  size, 
and  the  disadvantage  of  offering  small  re- 
turns to  the  producer.  It  can  be  criticized 
from  the  standpoint  of  the  public.  Some 
weeks  ago  I  participated  in  a  discussion  at 
a  meeting  of  the  directors  of  a  national 
scientific  society,  the  debated  question  be- 
ing the  increasing  mediocrity  in  the  quality 
RGEss  of    chemical    papers   finding     their     way 

into  the  chemical  journals.  The  opinion 
prevailed  that  the  system  of  forcing  laboratory  workers  to 
write  numerous  papers,  often  presenting  fragmentary  investi- 
gations coupled  with  a  lack  of  proper  censorship  as  to  quality, 
is  a  factor  contributing  to  an  unfortimate  deterioration  in  cur- 
rent chemical  literature.  In  other  words,  this  market  is  likely 
to  be  disrupted  unless  attention  is  given  to  improving  the  qual- 
ity of  goods  dumped  upon  it. 

The  second  division  of  the  market  for  chemical  ideas  is  that 
in  which  the  chemist  contracts  to  furnish  his  entire  supply  to 
his  employer,  usually  one  engaged  in  the  business  of  manufactur- 
ing. The  market  price  is  embodied  in  the  salary  under  which 
the  chemist  accepts  employment.  Many  a  worker  finds  this 
is  an  unsatisfactory  market  in  which  to  deal,  because  it  involves 
sacrifice  of  independence  and  an  exclusion  of  other  outlets  for 
his  discoveries.  He  feels  that  this  loss  is  not  compensated 
fully  by  the  amount  of  salary  paid.  He  may  see  his  ideas  adopted 
freely  by  the  management.  Presumably,  the  corporation  pros- 
pers, but  without  giving  the  chemist  the  compensation  which  he 
considers  his  due. 

When  the  chemist  looks  for  larger  financial  retium  than  is 
afforded  through  publication,  and  is  tmwilling  to  sacrifice  his 
independence  by  accepting  a  salary,  he  has  recourse  to  a  third 
division  of  markets,  which  is  open  to  him  if  he  can  show  property 
rights  or  title  to  his  discovery  or  invention.  This  he  can  do  by 
estabhshing  it  as  a  trade  secret,  or  making  it  the  subject  of  a 
United  States  patent.  It  is  beyond  the  scope  of  this  paper  to 
discuss  trade  secrets  or  patents,  but  it  is  certainly  not  outside 
the  essential  duties  of  the  chemist  to  familiarize  himself  with 
the  law  relating  to  trade  secrets,  and  the  complex  details  of  the 
patent  art,  if  he  ventiures  into  this  field  of  marketing. 

Perhaps  the  chemist  who  presents  his  ideas  to  an  unappreciative 
world  may  profit  by  the  words  of  the  noted  divine  who  said: 
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"When  I  find  an  audience  cold  and  unresponsive,  I  do  not  seek 
consolation  in  blaming  the  audience.  I  know  there  is  some- 
thing lacking  in  myself  and  I  seek  to  remedy  my  defects." 

Let  us,  therefore,  look  at  the  position  of  the  chemist  from  the 
viewpoint  of  the  public  and  through  the  eyes  of  the  business 
executive  who  has  to  deal  With  research  as  an  adjunct  to  industry. 

From  this  viewpoint  there  is  no  tendency  to  belittle  the  im- 
portance of  chemical  research ;  the  fundamental  value  of  chemical 
ideas  is  recognized  universally;  in  the  distance  can  be  seen  new 
industrial  worlds  to  be  conquered  through  the  chemist's  leader- 
ship. The  store  hoijse  of  chemical  knowledge  to  which  he  is 
continually  adding  has  become  an  immensely  valuable  asset 
to  industry. 

But  attention  must  be  called  to  the  fact  that  just  as  a  manu- 
facturer's inventory  of  raw  material  may  be  larger  than  is  neces- 
sary for  the  current  needs  of  a  business  and  thus  become  a  dead 
rather  than  a  live  asset,  so  the  store  house  of  chemical  knowl- 
edge can  be  overcrowded  with  ideas  at  a  rate  greater  than  that 
at  which  they  can  be  put  to  practical  use. 

This  is  a  condition  which  must  be  recognized.  It  has  been 
estimated  that  if  all  chemical  research  work  were  discontinued 
for  twenty  years,  industry  would  still  progress  through  reduction 
to  practice  of  the  many  chemical  ideas  which  have  been  offered 
in  the  past.  The  lapse  of  time,  sometimes  short  but  usually 
long,  between  the  chemical  discovery  and  its  reduction  to  com- 
mercial practice  accounts  in  part  for  our  large  inventory  of 
chemical  knowledge,  and  for  the  manufacturer's  inability  to 
pay  large  prices  for  new  ideas  which  cannot  be  used  at  once. 

To  apply  an  idea  may  upset  a  long-established  routine  carried 
out  by  trained  workers,  involving  the  upbuilding  of  a  new 
organization;  the  discovery  of  a  new  and  better  raw  material 
may  mean  the  abandonment  of  a  plant  in  one  place  and  its 
reestablishment  elsewhere;  another  proposal  may  have  to  await 
the  whims  of  a  legislature.  Delays  such  as  these  may  tax  the 
patience  of  the  chemist. 

The  business  man  has  been  criticized  for  his  lack  of  chemical 
knowledge,  and  his  consequent  indifference  to  or  ignorance  of 
the  work  the  chemist  is  doing.  But  it  is  asking  the  impossible 
to  expect  the  busy  executive  to  review  and  pass  judgment  on 
the  value  of  chemical  ideas  as  rapidly  as  they  are  presented. 
In  every  plant  where  chemists  are  employed  new  ideas  and 
proposals  are  coming  up  continually.  As  a  fair  index  to  the 
number  of  chemical  ideas  being  offered  to  the  public,  the  abstracts 


of  the  American  Chemical  Society  may  be  cited.  Assuming 
that  each  abstract  refers  to  an  idea  embodied  in  some  book, 
paper,  pamphlet,  or  patent,  the  current  monthly  volumes  show 
that  a  new  chemical  idea  is  presented  to  the  public  at  the  rate 
of  one  for  every  five  minutes  of  the  business  day. 

The  immensity  of  the  volume  of  chemical  literature  through 
which  the  business  man  struggles  in  his  endeavor  to  keep  abreast 
of  chemical  knowledge  is  bad  enough,  but  the  task  is  made 
more  difficult  by  the  chemist's  language,  a  language  of  words, 
formulas,  and  symbols  which  mean  no  more  to  the  uninitiated 
than  the  cryptic,  mystical  expressions  of  the  medieval  alchemist 
do  to  the  modern  worker.  The  truth  of  this  statement  can  be 
tested  by  choosing  almost  any  paper  presented  before  this 
Society,  and  asking  some  intelligent  banker  or  other  type  of 
business  man — possessing  an  academic  degree,  if  you  wish — 
to  read  the  paper  and  tell  what  he  finds  in  it.  The  chances 
are  that  he  will  laugh. 

To  the  complaint  that  business  is  blind  to  the  opportunities 
for  profit  which  the  adoption  of  new  chemical  ideas  affords, 
the  reply  is  that  if  the  chemist  has  something  meritorious  to 
sell  it  is  necessary  for  him  to  practice  "the  science  of  human 
service"  (business),  which  embraces  the  art  of  imparting  knowl- 
edge to  the  public  (advertising). 

It  is  a  notorious  fact  that  chemists  are  deficient  in  the  science 
of  salesmanship;  their  writings  fail  by  far  from  "touching  the 
imagination  of  crowds."  I  have  asked  various  investigators 
why  they  confine  their  announcements  of  discoveries  to  the 
scientific  journals  and  do  not  reveal  them  to  the  larger  public 
through  the  daily  press.  Their  attitude  may  be  typified  by 
the  following  questions  and  answers  of  a  conversation  held  some 
months  ago  with  an  active  and  honored  member  of  this  Society. 

If  you  are  disappointed  in  the  interest  shown  in  your  recent 
discoveries,  why  do  you  not  try  an  announcement  through  the 
Associated  Press? 

That  is  out  of  the  question.  My  principal  concern  is  to  see 
that  the  daily  papers  do  not  attempt  to  describe  my  work.  I 
have  been  terribly  embarrassed  by  the  garbled  reports  which 
have  been  given  out  concerning  some  of  my  discoveries. 

Why  do  you  not  prepare,  then,  an  accurate  statement  in  news- 
paper style?  If  the  subject  matter  is  of  importance  and  written 
clearly  so  as  to  be  understandable,  your  contributions  will  be 
welcomed 

You  are  suggesting  the  impossible,  for  an  adequate  description 
cannot  be  written  without  using  scientific  terms  and  formulas, 
which  are,  of  course,  unintelligible  to  the  newspaper  reader. 
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That  man  failed  to  appreciate  the  well-known  truth  that  no 
man  can  become  complete  master  of  his  subject  without  being 
able  to  explain  it  in  a  manner  intelligible  to  the  average  man. 

The  exceptional  view  was  held  by  another  member  of  this 
Society.  He  has  contributed  many  papers,  and  could  tell  you, 
if  he  would,  that  a  public  press  announcement  of  a  certain  dis- 
covery brought  him  a  hundredfold  greater  correspondence 
with  interested  persons  than  he  had  ever  had  from  a  paper 
published  in  the  chemical  journals.  In  other  words,  as  an 
advertising  medium  the  daily  press  has  a  far  greater  drawing 
power  than  has  the  scientific  journal. 

While  the  average  chemist  finds  it  impossible  to  write  his 
own  advertisement,  there  are  notable  examples  of  ability  in 
this  field.  Dr.  Robert  Kennedy  Duncan  has  shown  how  the 
chemical  idea  can  be  sold  to  the  public,  and  although  he  incurred 
the  displeasure  of  fellow  chemists  in  his  use  of  popular  language, 
he  rendered  a  monumental  service  to  the  downtrodden  chemist. 

If  the  popular  appeal  does  not  fit  in  with  his  standards  of 
ethics  and  professional  pride,  the  chemist  must  admit  that 
Pasteur  lost  nothing  in  dignity  or  professional  standing  when 
he  uttered  that  forceful  appeal  which  might  well  be  placed  among 
the  classics  in  advertising : 

I  have  a  head  full  of  the  most  beautiful  projects  for  work.  I 
am  ready  for  new  productions.  Oh,  why  am  1  not  rich — a 
millionaire?  I  would  say  to  you:  Come,  we  shall  transform 
the  world  by  our  discoveries. 

The  business  executive  will  admit  that  the  salaries  of  chemical 
workers  are  low  and  that  few  chemists  advance  into  the  better 
paid  administrative  and  executive  positions.  But  he  will 
deny  that  there  is  any  system  working  against  the  chemist's 
advancement  other  than  the  chemist's  own  inability  or  lack 
of  interest  in  handling  the  busmess  problems  that  are  always 
involved  in  the  reduction  to  practice  of  a  chemical  idea. 

One  employer  says  that  his  greatest  difficulty  with  his  chemical 
workers  is  their  tendency  to  study  their  equities  in  the  business 
without  showing  a  willingness  to  follow  the  chemical  idea  from 
the  laboratory  through  the  semicommercial  stage  and  into  full 
commercial  operation,  or  dealing  helpfully  with  all  the  problems 
of  equipment  design,  handling  of  labor,  marketing  diflaculties, 
and  the  like. 

It  is  the  experience  of  employers  that  it  takes  time  for  the 
chemistry  graduate  to  go  through  the  disillusionment  period 


before  he  can  become  a  valuable  cooperating  force  in  the  business 
organization;  the  longer  he  has  been  trained  in  academic  work 
the  harder  it  is  for  him  to  become  adjusted  to  industrial  con- 
ditions. During  a  discussion  of  this  feature  before  a  branch 
meeting  of  this  Society,  the  executive  officer  of  one  of  the  largest 
industrial  laboratories  said  that  his  company  had  compiled  a 
rating  of  the  universities  on  the  basis  of  time  taken  for  graduates 
to  adapt  themselves  to  industrial  research  and  development. 
Under  this  rating  the  range  is  from  four  years  for  some  of  the 
larger  universities  to  one  year  for  certain  of  the  smaller.  This 
is  mentioned  as  being  suggestive  of  the  help  which  the  educational 
institutions  might  give  in  increasing  the  service  value  of  their 
graduates. 

From  the  management  standpoint  much  study  has  been 
given  the  question  of  adequate  compensation  to  the  chemical 
worker,  just  as  it  has  been  given  to  other  classes  of  producers; 
but  the  chemical  idea  is  such  an  intangible  commodity  that 
its  valuation  is  exceedingly  difficult.  As  an  Ulustration  I  recall 
the  solution  of  a  problem  for  increasing  the  production  of  a  cer- 
tain manufactured  article. 

The  standard  rate  of  production  was  800  per  day  per  employee. 
The  chemist  proposed  a  quick  drying  adhesive  as  a  means  of 
increased  yield,  and  he  showed  how  the  output  figure  could 
be  increased  to  1200.  One  of  the  shop  workers  then  made  a 
time  study  of  the  operator's  movements,  redesigned  the  work 
tables,  and  installed  a  conveyor  system,  resulting  in  an  increase 
to  2000,  and  the  shop  superintendent,  by  installing  a  carefully 
worked-out  piece  rate  and  bonus  system,  succeeded  in  increasing 
the  production  to  about  5000  units  per  day.  It  required  over  a 
year  to  effect  these  improvements  and  of  this  time  the  chemist 
contributed  perhaps  two  or  three  days  in  the  beginning  of  the 
period. 

To  value  the  equities  in  the  final  result  becomes  much  like 
crediting  to  the  little  acorn  its  property  right  in  the  tall  oak. 
If  the  chemist  had  exercised  the  opportunity  presented  to  him 
he  could  have  supplemented  his  chemical  study  with  suggestions 
as  to  management  and  payment  of  labor.  His  contribution 
to  the  business  success  would  have  been  more  easy  of  calculation, 
and  his  opportunity  for  advancement  into  increased  responsibility 
would  have  been  bettered. 

The  average  chemist  is  so  little  posted  on  patent  matters 
that  he  shares  the  general  popular  misconception  of  the  actual 
\alue  of  a  patent.     Even  though  a  patent  may  be  secured  with 
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little  more  expense  than  is  involved  in  the  purchase  of  a  good 
suit  of  clothes,  the  newspapers  in  the  home  town  have  a  practice 
of  announcing  as  of  news  interest  the  awarding  of  a  patent  to 
one  of  its  local  inventors,  and  as  the  inventor  passes  down 
Main  Street  he  is  stopped  by  his  fellow  citizens,  who  congratulate 
him  upon  his  good  fortune. 

When  he  offers  his  patent  to  the  business  executive  he  is 
greeted  in  a  far  different  manner.  He  is  asked  whether  the 
patent  has  been  validated  by  the  courts.  The  cautious  in- 
vestor knows  that  if  a  patent  happens  to  be  of  little  value  its 
validity  will  never  be  questioned,  but  that  if  it  is  of  importance 
infringement  is  sure  to  follow.  If  the  infringers  are  to  be  pros- 
ecuted, litigation  with  its  attendant  expense  results.  This 
may  necessitate  an  investment  of  a  few  thousand  doUars,  or  a 
few  hundred  thousand  dollars.  Another  question  raised  by  the 
purchaser  is  this :  Will  the  patent  give  the  right  of  use  without 
infringing  the  rights  of  others?  This  question  is  answered  in 
the  form  of  an  opinion  by  the  legal  department  which  must 
first  institute  a  search  through  all  the  patent  literature  as  well 
as  other  publications.  Such  a  search  usually  involves  an  in- 
vestment of  over  one  thousand  dollars,  and  I  have  known  of 
validity  searches  costing  over  fifty  times  that  figure. 

If  the  inventor  is  willing  to  share  the  labor  and  expense  of 
conducting  these  investigations  and  litigations  and  cooperate 
in  working  out  the  ideas  to  a  commercial  success,  he  becomes  a 
business  man  and  as  such  can  deal  on  much  better  terms  in  se- 
curing his  rewards  than  he  can  if  he  wishes  to  turn  over  his 
patented  invention  without  assuming  responsibilities. 

We  may  wonder  why  the  chemist  holds  himself  aloof  from 
business  affairs.  Perhaps  his  pride  and  dignity  stand  in  his  way. 
In  a  suggested  code  of  ethics  for  chemists,  published  recently, 
appears  this  clause: 

The  chemist  should  not  use  his  professional  standing  as  a 
means  of  sponsoring  or  promoting  commercial  or  other  under- 
takings of  a  speculative  character. 

From  the  numerous  hazards  surrounding  a  manufacturing 
undertaking  we  know  that  it  cannot  help  but  be  speculative  in 
character.  Even  the  railroad  business  has  become  so  speculative 
that  few  will  invest  in  its  stock.  If  the  chemist  puts  himself 
on  a  pedestal  and  refuses  his  whole-hearted  support  to  an  enter- 
prise in  which  he  may  believe  but  which  is  nevertheless  spec- 
ulative, he  places  himself  outside  of  a  cooperative  relationship 
with  the  man  of  business. 

In  a  bitter  tirade  against  existing  conditions,  entitled  "Is  a 
Commercial  War  between  Chemists  and  Business  Men 
Coming?,"2  the  threat  is  made  that  if  the  interests  do  not  better 
recognize  the  chemist's  work,  there  will  be  an  uprising  in 
which  chemists  will  become  business  men  and  as  such  will  re- 
ceive the  rewards  to  which  they  are  entitled.  Far  from  throwing 
fear  into  the  commercial  world  the  carrying  out  of  this  threat 
would  be  welcomed  by  employers  who  complain  that  chemists 
take  too  little  interest  in  business  affairs. 

Perhaps  a  useful  step  in  this  direction  is  being  taken  by  some 
of  our  universities  in  combining  business  courses  with  courses 
in  chemistry;  but  the  greatest  opportunity  lies  in  encouraging 
research  men  who  have  already  received  their  degrees  to  take 
a  greater  interest  and  share  in  working  out  business  problems. 
Just  how  this  can  be  done  remains  for  the  individual  worker  to 
decide. 

To  the  man  trained  in  academic  research  who  contemplates 
the  establishment  of  a  business  enterprise,  a  word  and,  in  fact, 
several  words  of  caution  may  be  offered.  He  will  find  the  various 
state  legislatures  pass  26,000  or  more  laws  every  two  years  and 
that  many  of  these  involve  compliance  on  his  part.  He  will 
find  that  the  laxity  in  ventilating  facilities,  appliances  for  safety, 
and  methods  of  fire  prevention  found  in  university  laboratories 

1  Chem.  Aee,  31,  255  (1923). 
«  Tras  Journal,  14,  356  (1922). 


is  not  permitted  in  industrial  plants.  Inspectors  of  various 
kinds  clothed  with  governmental  authority  will  call  upon  him 
at  frequent  intervals  to  tell  him  just  what  he  must  and  must 
not  do.  Commercial  credit  houses  will  ask  him  to  furnish  a 
detailed  financial  report  and  proofs  that  he  is  willing  and  able 
to  pay  his  debts.  No  matter  what  his  own  confidence  may  be 
in  the  success  of  his  undertaking,  his  banker  will  tell  him  that 
he  considers  him  a  purely  speculative  risk  and  must  continue 
to  do  so  until  he  has  established  a  seasoned  industry  with  demon- 
strated ability  to  pay  dividends  over  a  period  of  years. 

The  opportunities  for  getting  into  litigation  are  boundless, 
and  legal  expenses  become  an  unavoidable  part  of  his  overhead 
expense.  The  blue  sky  department  may  try  to  prove  he  is 
less  prosperous  than  he  thinks  he  is  and  the  income  tax  auditors 
may  assert  that  he  is  more  prosperous  than  he  claims  to  be. 
If  incidents  such  as  these  can  be  met  by  the  chemist  as  patiently 
and  cheerfully  as  he  meets  the  problems  involved  in  laboratory 
research,  the  chances  for  pleasure  and  profit  from  his  business 
are  excellent. 

As  bearing  upon  the  opportunities  for  success  in  carrying  on 
research  as  a  business  venture,  I  am  privileged  to  describe  an 
experiment  which  was  begun  thirteen  years  ago  and  is  still  under 
way.  A  small  group  of  men  trained  in  chemical  research  joined 
in  the  organization  of  a  corporation  under  the  laws  of  the  State 
of  Wisconsin,  with  the  purpose  of  carrying  on  investigations 
of  the  kind  which  abound  in  college  laboratories.  The  result- 
ing discoveries  were  to  be  marketed  as  patent  rights,  trade  se- 
crets, as  a  part  of  consulting  service,  or  as  a  manufactured  prod- 
uct in  which  the  results  of  research  were  to  be  incorporated. 

One  of  the  incorporators  had  served  fifteen  years  in  educational 
work  and  in  laboratory  research  along  chemical  and  electro- 
chemical lines.  One  had  ten  years'  record  of  both  university 
and  industrial  laboratory  work  in  chemistry  and  chemical 
engineering;  another  had  served  for  eight  years  as  chemist  in 
an  industrial  laboratory;  another  presented  ten  years'  experience 
in  commercial  foundry  practice  and  two  years  in  college  research. 
A  fifth  man  had  just  completed  his  university  training.  A 
practicing  attorney  constituted  the  sixth  member  of  the  group 
that  conducted  the  business  during  the  early  years. 

The  thirteen  years'  record  of  this  organization  is  an  interest- 
ing story,  ludicrous  in  some  spots,  and  bordering  on  the  tragic 
in  others.  Many  chemical  ideas  were  evolved,  and  all  the  ways 
of  marketing  hitherto  referred  to  were  tried  out.  Many  of  the 
undertakings  failed,  and  some  of  them  succeeded.  Licenses 
have  been  granted  on  some  of  the  ideas,  other  ideas  have  been 
sold,  still  others  have  been  made  the  basis  of  manufacturing 
business  controlled  by  the  laboratory  corporation. 

Whether  the  experiment  as  a  whole  is  a  success  may  be  a 
matter  of  opinion.  To  form  the  basis  of  such  opinion  I  may 
give  some  facts.  The  original  capital  was  $9000.  This  has 
been  increased  through  earnings  and  sale  of  stock  to  over  $900,- 
000.  The  annual  sales  of  ideas  and  of  material  products  have 
increased  to  $3,000,000,  and  with  a  world-wide  distribution. 
Manufactured  products  of  others  and  employing  the  discoveries 
of  the  laboratories  run  into  much  larger  figures.  Two  industries 
manufacturing  new  products  have  been  created  and  several 
other  similar  projects  are  now  under  way.  The  personnel  has 
naturally  increased  greatly  in  numbers  to  a  total  of  over  six 
hundred  men  and  women.  At  the  present  time  twelve  of  these 
are  men  trained  in  science  and  engineering,  most  of  whom  occupy 
executive  positions  or  are  actively  engaged  in  directing  pro- 
ductive work. 

What  about  the  rewards  which  come  to  the  individual  workers? 
As  to  how  their  financial  returns  compare  with  those  received 
in  other  fields,  I  am  unable  to  say,  but  there  is  abundant  evidence 
to  show  that  inspiration  and  joy  come  in  prosecuting  research 
under  conditions  in  which  the  worker  can  watch  his  idea,  started 
in  the  laboratory,  becoming  an  instrument  of  service  to  mankind. 
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IT  IS  distinctive  of  the  fundamental  sciences  that  as  their 
respective  fields  of  inquiry  become  more  completely  ex- 
plored, frontiers  which  in  earlier  periods  of  their  develop- 
ment appeared  to  limit  their  scope,  imperceptibly  merge  with 
those  of  related  or  coextensive  subjects.  This  tendency  toward 
amplification  is  peculiarly  noticeable  in  the 
history  of  chemistry.  In  the  earlier  days, 
before  complex  compounds  of  carbon  were 
well  studied,  the  phenomena  of  life  proc- 
esses and  the  environmental  interchanges 
associated  therewith  were  presumed  to  be 
endowed  with  an  intangible  "vital  princi- 
ple," wholly  unapproachable  from  the  in- 
vestigative side.  With  the  rise  and  de- 
velopment of  organic  chemistry,  however, 
and  particularly  after  the  synthesis  of  urea 
— an  important  waste  product  inseparably 
associated  with  higher  animal  life — from 
ammonia  and  lead  cyanate  by  Wohler 
(1828),  the  vitalistic  conception  of  life  be- 
gan to  give  way.  The  belief  is  rapidly 
gaining  ground  that  the  dynamics  of  life 
itself  may  be  expressible  in  terms  of  chem- 
ical equations;  indeed,  some  of  the  simpler 
of  these  equations  are  already  qualita- 
tively understood.  At  the  present  time, 
of  all  the  fundamental  sciences,  biological 
chemistry,  "the  handmaiden  of  medicine,"  A.  I.  ] 

is    justly    regarded  as    holding    forth    the 

greatest  promise  of  fruitful  contributions  to  the  interpretation 
of  the  mysteries  of  these  vital  processes. 

Life  appears  to  be  essentially  a  continuous  interchange  be- 
tween an  organism  and  its  environment.  Death  intervenes 
when  this  interchange  ceases.  The  investigation  of  the  nature 
of  this  interchange  lies  within  the  domain  of  chemistry.  In 
organisms  of  great  structural  differentiation,  as  animals  and 
man,  the  association  of  many  simultaneous  reactions,  inevitable 
from  the  cellular  division  of  labor,  masks  the  elemental  phe- 
nomena of  the  chemical  interchange  which  continually  takes 
place  between  the  organism  and  its  environment.  It  seems 
justifiable,  therefore,  to  turn  to  simpler  living  entities  than  man 
or  animals  for  the  unfolding  of  the  chemical  pattern  upon  which 
the  more  complex  reactions  are  molded. 

Among  the  simplest  of  known  living  things  are  the  bacteria, 
that  group  of  asexual,  unicellular  organisms  found  at  the  very 
foot  of  the  ladder  of  life.  All  the  fundamental  phenomena  and 
manifestations  of  life — morphology,  hereditary  architecture, 
nutrition,  and  reproduction — are  performed  in  this  group  by 
units  so  minute  that  fully  fifteen  millions  of  million  of  them 
would  scarcely  balance  an  ounce  weight.  The  ratio  of  surface 
exposure  to  volume,  furthermore,  a  factor  which  determines  in 
a  very  large  degree  the  magnitude  of  their  energy  requirements, 
is  relatively  great. 

Finally,  reproduction  is,  or  may  be,  extremely  rapid  among 
the  bacteria.  In  the  more  vigorously  growing  types,  as  for  ex- 
ample the  cholera  microbe,  that  dread  germ  which  incites  Asiatic 
cholera,  successive  generations  of  fully  mature  organisms  may 
appear  at  intervals  as  frequent  as  every  fifteen  minutes.  In 
as  much  as  there  are  ninety-six  periods  of  fifteen  minutes'  dura- 
tion in  one  day,  the  theoretical  descendants  of  this  germ  would 
be  2''  in  twenty-four  hours.     This  is  indeed  a  truly  prodigious 


number;  fortunately,  it  never  is  and  never  can  be  even  approxi- 
mated. Nature  interposes  insuperable  barriers  to  such  a  theo- 
retical progeny,  but  even  with  the  limitations  of  diminishing 
food  supply,  accumulation  of  waste  products,  and  other  en- 
vironmental deterrents,  the  spawn  of  a  single  microbe  number 
countless  millions  within  a  very  short  time. 
These  facts,  together  with  the  compara- 
tive readiness  with  which  pure  cultures 
may  be  procured  and  kept  alive,  make  the 
bacteria  peculiarly  adapted  to  the  study  of 
the  chemical  phenomena  of  life  reduced 
to  its  lowest  terms.  Such  studies  as  have 
been  made  of  the  nature  of  the  chemistry  of 
bacterial  interchange  with  their  nutritive 
environment — their  metabolism,  as  it  is 
properly  designated — have  revealed  an  un- 
expected similarity  with  the  general  phenom- 
ena of  metabolism  in  higher  organisms, 
as  animals  and  man.  Perhaps  this  might 
have  been  anticipated. 

Bacteria  are  fundamentally  digestive  sys- 
tems, and  they  are  endowed  with  the  power 
of  deriving  the  energy  essential  for  their  life 
processes  from  chemical  substances  of  va- 
ried, but  by  no  means  unlimited,  compo- 
sition and  stereo-configuration.  Each  kind 
of  microbe,  indeed,  exhibits  striking  fas- 
sDALi,  tidiousness  in   its   choice  of  these  energy- 

containing  substances.  Herein  lies  a  most 
important  relationship  between  the  microbe  and  the  chemist. 
A  word  in  explanation  will  make  this  point  clear. 

There  are  two  important  phases  clearly  discernible  in  the  life 
history  of  bacteria — a  structural  phase,  in  which  the  microbe 
reproduces  and  transmits  to  its  progeny  the  hereditary  chemical 
architecture  characteristic  of  its  kind;  and  an  energy  phase,  in 
which  the  mature  microbe  and  its  descendants  perform  their 
characteristic  functions,  or  chemical  transformations  of  their 
nutritive  environment. 

In  point  of  time  the  structural  phase  precedes  the  energy  phase. 
In  the  amount  of  chemical  interchange,  the  energy  phase  exceeds 
the  structural  phase  many  fold.  Also — and  this  is  important — 
the  general  characters  of  the  chemistry  of  structural  develop- 
ment and  that  of  the  energy  interchange  are  quite  unlike.  The 
former  is  inseparably  associated  with  the  proteinization  of 
nitrogen;  the  latter  is  inextricably  bound  up  with  the  oxidization 
of  carbon. 

Stated  differently,  nitrogen  is  as  essential  for  the  structure  of 
the  bacterial  cell  as  iron  is  for  the  structure  of  a  locomotive; 
and  carbon  is  as  necessary  for  the  energy  requirements  of  the 
bacterial  cell  as  coal  is  for  the  moving  of  the  locomotive.  The 
amounts  of  chemical  substance  required,  respectively,  for  the 
structural  and  energy  phases  of  bacterial  development  also  are 
very  unequal,  even  as  the  weights  of  iron  and  of  coal  are  unequal 
in  the  respective  structural  and  energy  phases  in  the  life  history 
of  the  locomotive. 

A  suitable  medium  frequently  used  for  the  cultivation  of  most 
bacteria  is  prepared  from  a  clear  watery  infusion  of  meat,  re- 
inforced with  peptone.  This  is  ordinarily  referred  to  as  plain 
nutrient  broth,  or  plain  broth.  It  contains  salts,  including 
phosphates,  water,  and  complex  compounds  of  nitrogen,  carbon, 
hydrogen,  and  oxygen.     The  latter  are  complexes  of  the  amino 
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acids,  of  which  about  nineteen  are  well  known.  These  in  various 
combinations  confer  upon  proteins  their  specificity.  In  such  a 
medium  most  bacteria  find  all  the  nitrogenous  constituents  for 
their  structural  needs  and  also  the  carbon  necessary  for  their 
energy  requirements. 

Bacteria  could  not  grow  if  nitrogen  in  proper  combination  were 
not  available;  hence,  this  plain  broth,  which  offers  to  bacteria 
the  requisite  nitrogenous  constituents,  is  the  nutritive  basis  for 
ordinary  microbic  cultivation. 

The  carbon  of  amino  acids  and  of  peptone  is  not  so  readily 
utilized  for  energy,  however,  as  the  carbon  of  carbohydrates; 
consequently,  it  is  frequently  advantageous  to  add  some  glucose  or 
lactose,  or  other  member  of  the  carbohydrate  group,  to  the  plain 
broth.  In  such  a  glucose  broth  or  lactose  broth  medium,  the  mi- 
crobes clearly  have  a  choice  between  the  carbon  of  the  amino  acids 
and  the  carbon  of  the  carbohydrates  for  their  energy  require- 
ments. If  the  stereo-configuration  of  the  protoplasm — that  is, 
the  living  substance — of  the  microbe  fits  the  stereo-configuration 
of  the  glucose,  or  the  lactose,  or  whatever  carbohydrate  has  been 
added,  the  microbe  will  turn  to  the  sugar  for  its  energy  in  prefer- 
ence to  the  amino  acid,  utilizing  the  amino  nitrogen  of  the  latter, 
of  course,  both  for  its  own  structural  needs  and  the  structural 
needs  of  its  progeny.  In  physiological  parlance,  the  utilizable 
carbohydrate  spares  the  protein  constituents  of  the  medium 
from  bacterial  decomposition,  aside  from  the  very  small  amount 
of  the  latter  required  to  build  up  the  bodies  of  the  microbes. 

It  is  not  a  matter  of  indifference  which  type  of  compound, 
carbohydrate  or  amino  acid,  is  used  by  the  various  microbes  for 
energy.  Thus,  diphtheria  bacilli  grown  in  plain  broth,  contain- 
ing no  carbohydrate,  produce  that  extremely  potent  soluble 
poison  or  toxin  known  as  diphtheria  toxin,  which  constitutes 
the  aggressive  weapon  of  this  formidable  germ.  If,  however, 
a  small  amount  of  glucose  is  added  to  plain  broth  before  the 
diphtheria  bacillus  develops  in  it,  the  resulting  growth  product 
is  radically  different.  It  no  longer  contains  the  potent  poison; 
in  place  of  this  powerful  toxin  the  culture  medium  contains  lactic 
acid,  the  chemical  basis  of  buttermilk. 

Here  is  in  actuality  the  realization  of  that  strange  conception 
of  Dr.  Jekyll  and  Mr.  Hyde,  which  Robert  Louis  Stevenson 
has  made  so  well  known.  The  plot  is  unique.  The  same  indi- 
vidual, under  the  influence  of  a  chemical,  changes  his  disposition 
from  that  of  a  useful  member  of  society  to  that  of  a  miscreant. 
The  difference  between  diphtheria  poison  and  buttermilk  is 
surely  as  great  a  divergence  in  activity  as  that  of  the  dual  person- 
ality of  the  fabulous  Dr.  Jekyll  and  Mr.  Hyde. 

The  striking  change  brought  about  by  the  addition  of  util- 
izable carbohydrate  to  a  plain  broth  inoculum  of  the  diphtheria 
bacillus  is  but  one  of  a  large  number  of  examples  well  known 
among  the  bacteria,  however,  and  its  significance  is  far  deeper 
than  a  mere  actual  living  instance  of  a  hitherto  pleasant  myth. 

In  the  field  of  medicine,  for  example,  the  baneful  effects  of 
typhoid,  cholera,  dysentery,  and  other  germs  that  cause  severe 
infections  in  the  alimentary  canal  can  be  ameliorated  through 
proper  dietary  procedures,  and  the  character  of  their  products 
can  be  changed  from  poisons  to  lactic  acid  by  the  same  measures 
that  reformed,  as  it  were,  the  activities  of  the  diphtheria  bacillus 
in  culture  media.  This  procedure  of  dietary  therapy  has  been 
practiced   successfully  in   typhoid   and   dysentery. 

For  the  chemist,  however,  the  underlying  principle  of  the  in- 
fluence of  carbohydrates  upon  the  character  of  microbic  chem- 
istry has  a  very  practical  bearing.  Space  does  not  permit  of 
a  discussion  of  the  possibilities  in  this  field  except  in  a  relatively 
restricted  group  of  substances,  the  carbohydrates.  Inasmuch 
as  carbohydrates  are  of  great  interest  and  importance  both  in 
animal  and  human  nutrition  and  in  many  industries,  however, 
this  limitation  is  not  incompatible  with  a  survey  of  the  relations 
of  the  microbe  to  the  chemist. 

Returning  to  the  diphtheria  bacillus,  it  will  be  recalled  that 
in  a  plain,  glucose-free  medium,  a  potent  specific  toxin  is  pro- 


duced. Also,  the  reaction  of  the  medium  becomes  progressively 
more  alkaline.  In  the  same  medium  to  which  glucose  is  added — 
that  is  to  say,  in  glucose  broth — there  is  no  toxin  formed  and 
the  reaction  becomes  progressively  acid,  owing  to  the  formation 
of  lactic  acid. 

Herein  lies  a  chemical  test  for  glucose.  Either  the  absence 
of  toxin  or  the  increase  in  acidity  would  with  suitable  controls 
be  diagnostic.  Extending  this  type  of  test  to  a  library  of  mi- 
crobes, each  of  which  possesses  the  power  of  fermenting  or  util- 
izing certain  definite  carbohydrate  configurations,  there  is  at 
once  available  a  new  method  of  detecting  and  identifying  mem- 
bers of  the  carbohydrate  group. 

Several  methods  of  procedure  follow  from  this  utilization  of 
microbes  as  chemical  reagents.  First,  the  identification  of  an 
unknown  member  of  the  sugar  group.  This  is  readily  accom- 
plished through  a  series  of  bacteria,  each  of  which  will  use  only 
certain  sugar  configurations. 

Secondly,  the  recognition  of  impurities  in  carbohydrate  sam- 
ples. 

Thirdly,  the  quantitative  estimation  of  carbohydrates,  both 
singly  and  in  mixture. 

Fourthly,  the  identification  of  hydrolytic  products  resulting 
from  the  cleavage  of  complex  carbohydrates. 

These  various  procedures  have  been  used  successfully  in  a 
limited  group  of  sugars,  and  the  entire  carbohydrate  group  is 
open  to  exploration  by  this  comparatively  simple  method  of 
microbic  analysis. 

It  is  of  some  interest  to  know  how  sensitive  the  bacterial 
reagent  is — how  small  an  amount  of  sugar  can  be  definitely 
detected.  A  long  series  of  experiments  has  shown  that  as  little 
as  one  one-thousandth  of  a  per  cent,  or  one  one-hundred-thou- 
sandth of  a  gram,  of  a  utilizable  carbohydrate  dissolved  in  a  cubic 
centimeter  of  a  culture  medium  may,  under  favorable  conditions, 
give  definite  indication  of  its  presence. 

When  one  realizes  that  two  unlike  sugars,  as  glucose  and  lac- 
tose, may  have  nearly  the  same  optical  rotation  and  about  the 
same  reducing  power,  it  will  be  seen  that  the  microbe  holds 
forth  possibilities  of  interest  and  importance  in  this  field. 

In  the  animal  and  human  bodies,  several  problems  are  still 
unsolved  which  would  seem  to  be  approachable  from  the  stand- 
point of  the  microbe  chemist — the  place  of  formation  of  lactose 
in  the  lactating  animal;  the  differentiation  between  glucose, 
pentoses,  lactose,  and  glycuronic  acid  in  the  urine;  the  identi- 
fication of  the  sugars  which  are  found  in  the  nucleins  and  in  the 
brain,  and  also  the  stereo-configuration  of  the  sugar  in  the  blood 
and  the  tissues. 

The  direct  relationship  between  glucose,  the  sugar  of  the  blood 
and  tissues  in  the  human  body,  and  the  energy  derived  there- 
from focuses  attention  upon  the  corresponding  phenomena  in 
bacteria.  The  stereo-configuration  of  the  protoplasm  of  the 
living  cell  and  its  ability  to  utilize  a  similar,  compatible  sugar 
configuration  seems  to  be  one  of  the  fundamental  reactions  of 
life  itself.  The  intimate  workings  of  this  energy  complex  yet 
remain  to  be  unfolded,  and  the  answer  must  be  sought  for  in  the 
domain  of  chemistry. 

Finally,  a  word  about  bacteria  in  the  industries.  Some  of 
the  most  venerable  processes  known  to  mankind  depend  upon 
microbic  participation.  The  retting  of  flax  in  the  manufacture 
of  linen,  the  tanning  of  leather,  various  fermentation  processes 
associated  with  the  souring  of  milk,  sauerkraut,  ensilage,  the 
manufacture  of  vinegar,  and  various  alcohols,  as  butyl,  and  ethyl 
alcohol,  acetone,  glycerol,  and  even  the  initial  steps  in  the  manu- 
facture of  synthetic  rubber,  are  but  a  few  instances  of  the  de- 
liberate exploitation  or  spontaneous  activity  of  microbes. 

As  time  goes  on  and  knowledge  becomes  more  complete,  the 
chemist  will  utilize  this  cheap,  ceaseless  energy  of  the  microbe 
to  perform  almost  numberless  processes  that  are  unattainable 
at  present  or  accomplished  only  by  an  extortionate  expenditure 
of  energy. 


October,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


1003 


NINTH  NATIONAL  EXPOSITION 
OF  CHEMICAL  INDUSTRIES 


T  TPON  entering  the  Ninth  National  Exposition  of  Chemical 
Industries  held  at  the  Grand  Central  Palace,  New  York,  Sep- 
tember 17  to  22,  one's  first  impression  was  that  the  entire  scheme 
of  things  had  been  arranged  with  taste  and  a  keen  eye  to  a  general 
pleasing  effect.  At  the  extreme  end  of  the  center  aisle  hung 
a  large  placard  bearing  this  legend: 

CHEMISTRY  IS  THE  PRIMARY  ELEMENT  THAT    GOVERNS 
SUCCESSFUL  MANUFACTURING 

If  the  chemical  and  chemical  equipment  industries 
represented  at  the  Exposition  should  cease  operating  for 
one  year,  every  vital  industry  of  the  United  States  might 
be  forced  to  suspend  operations  before  the  expiration 
of  that  period. — Rubber  Age. 

The  most  casual  visitor  could  not  fail  to  be  impressed  with 
the  fact  that  the  chemical  industries  play  an  increasingly  large 
part  in  the  world's  work.  Former  expositions  were  not  so  well 
balanced  as  the  one  of  this  year;  the  individual  exhibits  showed 
greater  thoughtfulness  on  the  part  of  exhibitors  and  concentration 
upon  a  few  products  or  pieces  of  apparatus,  which  were  thereby 
made  more  interesting  and  intelligible  to  the  visitor.  Fewer 
booths  contained  the  conventional  lounging  chairs  and  settees, 
and  there  was  a  tendency  on  the  part  of  all  exhibitors  to  add 
something  of  educational  value  to  the  exposition  and  to  avoid 
merely  filling  their  space  with  miscellaneous  collections  of  un- 
related material.  As  a  result  more  real  information  was  avail- 
able than  on  previous  occasions;  definite  ideas  definitely  pre- 
sented were  met  everywhere. 

Undoubtedly,  the  exhibitors  are  profiting  by  the  experience 
of  previous  expositions,  and,  following  the  agitation  of  last  year 
for  a  diff'erent  type  of  exposition  under  a  different  management, 
it  appears  certain  that  the  management  of  the  National  Ex- 
position of  Chemical  Industries  has  made  an  effort  to  meet  some 
of  the  criticisms.  The  enlarged  advisory  committee,  upon  which 
all  the  elements  of  the  industry  are  now  represented,  has  had  a 
more  deciding  voice  in  the  proceedings  than  heretofore.  The 
results  speak  for  themselves.  From  year  to  year  the  exposition 
has  contained  fewer  representatives  of  the  actual  manufacturers 
of  chemicals  and  an  increasing  number  of  those  who  have  some- 
thing to  sell  to  the  chemical  industry.  Chemists  generally  look 
upon  this  as  undesirable,  for,  if  continued,  this  policy  would 
result  in  an  exposition  of  these  who  are  purveyors  to  chemistry 
rather  than  one  which  demonstrates  the  progress  of  chemistry 
in  America.  This  fault  has  been  overcome  to  some  extent  by 
the  equipment  of  booths  to  illustrate  the  progress  of  special 
Ijranches  of  the  chemical  industry,  rather  than  the  products  of 
individual  manufacturers. 

A  notable  example  of  this  was  the  booth  devoted  to  American 
dyes,  where  the  contention  that  "American  Dyes  Are  Fast" 
was  clearly  demonstrated  through  the  cooperation  of  manufac- 
turers of  dyes  and  textiles  and  laundrymen,  ably  assisted  by  a 
manufacturer  of  dress  patterns  and  attractive  living  models. 
The  exhibits  devoted  to  insulin  and  intarvin,  the  year's  out- 
standing chemical  contributions  to  the  treatment  of  diabetes, 
to  chemistry  in  the  service  of  radio,  to  the  Chemical  Warfare 
Service,  to  the  Bureau  of  Standards,  and  the  illustrations  of 
the  earning  power  of  research  presented  by  the  AmeriC'^n 
Chemical  Society,  all  present  new  developments  in  the  service 
of  chemistry  to  civilization  and  show  to  what  extent  exhibits 
interesting  to  both  the  chemist  and  the  public  may  be  made  a 
part  of  the  exposition.  The  demonstration  of  such  new  develop- 
ments is  believed  to  be  more  effective  than  the  use  of  booths  to 


display  numbers  of  specimen  bottles  filled  with  materials  already 
familiar  to  those  who  visit  the  exposition. 

The  experience  of  certain  groups  of  chemical  engineering 
students  in  utilizing  the  opportunities  for  instruction  afforded 
by  the  exposition  led  to  the  initiation  of  a  new  policy  at  the 
Ninth  Exposition.  Before  the  summer  vacation  professors  were 
invited  to  enrol  members  of  their  classes,  particularly  juniors 
in  chemical  engineering,  in  a  Students'  Course  on  the  Funda- 
mentals of  Chemical  Engineering  and  Industrial  Chemical 
Practice.  Of  those  who  registered  about  125  took  the  course, 
which  had  the  following  major  topics : 

1 — Plant  Equipment  in  the  Chemical  Industries 
(a)  Disintegration — Crushing  and  Grinding 
(fc)     Mechanical  Separation — Grading 

General  discussion  led  by  Galen  H.  Clevenger 
(c)     Separation  of  Solids  from  Liquids — Thickening,  Filtration,  Centrif- 
ugal Separation 
General  discussion  led  by  H.  N.  Spicer 
(i^)      Separation  with  Phase  Change — Evaporation,  Distillation,  Drying 

General  discussion  led  by  W.  H.  McAdams 
(c)      Handling  of  Materials 

General  discussion  led  by  A.  E.  Marshall 
2 — Materials  of  Construction,  What  Materials  to  Use:     When.  Where,  and 
Why 

General  discussion  led  by  W.  S.  Calcott 
3 — Chemicals  in  Commerce,  the  Distribution  of  Chemicals 
General  discussion  led  by  E.  V.  Peters 

Under  each  of  these  topics  a  nmnber  of  specialists  contributed 
from  their  experience,  and  this,  together  with  afternoons  and 
evenings  spent  in  the  studies  of  exhibits  and  of  industrial  motion 
pictures,  led  up  to  a  general  review,  various  quizzes,  and  a  check- 
ing of  reports.  To  facilitate  the  arrangement  of  the  course  Colum- 
bia University  generously  arranged  for  housing  visiting  students. 
The  students'  course  satisfactorily  replaced  the  special  addresses 
heretofore  included  in  the  program  of  the  exposition.  Each  after- 
noon and  evening  special  programs  of  motion  pictures  were  offered, 
these  being  industrial  in  character  and  especially  informing. 

With  this  year  the  plan  of  the  exposition  is  to  be  changed  to 
biennial.  This  should  result  in  an  increase  in  the  number  of 
exhibits,  the  ease  with  which  they  are  planned,  and  the  interest 
which  they  carry  when  the  Tenth  Exposition  is  opened.  The 
chemical  manufacturers  themselves  must  not  fail  in  their  sup- 
port of  the  enterprise,  since  it  is  directly  in  their  interest  to 
assist  in  thus  bringing  to  the  public  a  clearer  understanding  of 
what  the  chemical  industry  as  a  whole  means  to  it.  The  view 
held  by  some  that  the  only  people  exhibitors  care  to  have  call 
at  their  booths  are  those  in  position  to  leave  an  order,  we  believe 
to  be  narrow,  for,  while  few  of  the  exhibitors  cater  directly  to 
the  public  through  retail  channels,  yet  ultimately  all  the  products 
of  the  industry  are  consumed  by  individuals  whose  interest 
should  be  secured  and  held.  Very  few  of  the  questions  asked 
by  the  visiting  public  are  unintelligent,  and  the  effort  made  this 
year  to  have  exhibits  clearly  understood  seems  to  be  an  argument 
against  discouraging  the  attendance  of  the  general  public. 

The  management  deserves  much  credit  for  the  wide  publicity 
given  the  exposition.  The  attendance  of  a  large  number  of 
business  men  is  due  to  its  efforts.  To  describe  the  individual 
exhibits  would  require  more  space  than  is  available  here,  but 
if  the  number  of  exhibitors  was  less  than  last  year,  there  is  no 
doubt  but  that  the  interest  of  the  visitor  was  more  securely 
held  than  on  previous  occasions.  The  chemists  are  grateful 
for  the  support  given  the  enterprise,  and  the  American  Chemical 
Society  acknowledges  with  appreciation  those  laboratories 
which  contributed  examples  of  their  work  to  prove  that  research 
does  earn  dividends. 

All  in  all  the  Ninth  Exposition  showed  a  marked  improvement 
over  the  Eighth  and  may  be  taken  as  an  indication  that  the  one 
two  years  hence  will  be  the  best  of  its  kind  yet  conceived. 
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American  Chemical  Society  Exhibit 

It  is  the  privilege  of  This  Joxirxal  to  publish  from  time  to 
time  references  to  the  earning  power  of  research,  and  in  line  with 
this  poUcy  there  were  shown  at  the  booth  of  the  Society  a  few 
concrete  examples  of  research  as  a  factor  in  earning  dividends. 
Materials  displayed  were  contributed  by  the  Industrial  Fibre 
Company,  the  National  Lamp  \^'orks  of  the  General  Electric 
Company,  the  Geophj'sical  Laboratory  of  the  Carnegie  Institu- 
tion of  Washington,  the  Union  Carbide  &  Carbon  Research 
Corporation,  the  General  Electric  Company,  the  Ward  Baking 
Company,  the  Union  Pacific  System,  Arthur  D.  Little,  Inc., 
and  the  Miner  Laboratories.  The  materials,  arranged  in  units, 
were  made  self-explanatory  by  large  placards,  the  wording  of 
which  is  quoted  below: 

Research  in  Growing  Sugar 

Wastes  utilized  to  prevent  other  wastes  is  often  the  result  of 
research.  Ten  tons  more  cane  per  acre  (equivalent  to  one  ton 
raw  sugar)  and  50  to  70  per  cent  less  labor  in  the  field  followed 
the  use  of  a  paper  made  from  waste  cane  bagasse  in  the  cane 
fields  of  Hawaii  to  prevent  the  growth  of  weeds. 

Research  on  Water  Supply 

The  life  of  locomotive  boilers  has  been  lengthened  sevenfold 
and  the  coal  consumed  in  operation  reduced  by  many  millions 
of  tons  per  year  through  the  application  of  research  to  water 
supply  on  our  raUroads.  The  life  of  a  locomotive  fire  box 
(costing  SI  700)  on  a  certain  bad  water  was  two  years.  After 
treating  the  water  properly  to  prevent  corrosion,  the  steel  lasted 
fourteen  years,  making  a  saving  of  more  than  $700  per  locomotive 
per  year. 

Research  in  Bread  Making 

Two  outstanding  examples  of  the  value  of  research  to  the 
baking  industry : 

(1)  A  food  for  yeast,  consisting  of  a  mixture  of  mineral  salts, 
prevents  a  yearly  waste  in  the  fermentation  process  of  200,000 


barrels  of  flour,  30,000  barrels  of  sugar,  and  15,000,000  pounds 
of  yeast.  These  savings  reach  the  amazing  total  of  $5,000,000 
yearly. 

(2)  A  loaf  of  white  bread  which  contains  within  itself  all  the 
elements  necessary  for  a  complete  diet.  The  composition  to 
this  bread  and  the  comparative  feeding  experiments  on  animals 
are  shown.  Experiments  on  human  subjects  have  not  yet  been 
completed. 

Research  and  X-Rays 

The  modem  efficient  X-ray  tube  is  distinctly  a  product  of 
research,  and  is  becoming  more  and  more  a  tool  for  further 
research.  Its  uses  in  treating  disease,  in  watching  the  functions 
of  the  vital  organs  in  the  human  body,  and  in  detecting  foreign 
substances  in  living  and  inanimate  bodies  are  well  known. 
The  use  of  X-rays  in  determining  the  constitution  of  matter 
fspace  arrangement  of  atoms  in  the  molecules)  is  still  in  its 
infancy,  but  results  already  achieved  indicate  that  future  ac- 
complishments in  this  field  will  be  of  extreme  importance  in  the 
solution  of  this  problem. 

Research  in  Electric  Lighting 
Organized  and  continuous  research  on  the  lighting  problem 
has  produced  types  of  lamps  with  which  this  country's  lighting 
bill  in  1922  was  one  and  a  half  billion  dollars  less  than  the  cost 
of  the  same  amount  of  light  if  the  best  lamps  available  less  than 
20  years  ago  had  been  used.  This  represents  a  saving,  among 
other  things,  of  25,000,000  tons  of  coal. 

Research  on  Waste  Material 
The  value  of  oat  hulls  is  increased  800  per  cent  by  conversion 
into  furfural,  the  cheapest  commercial  aldehyde,  having  many 
industrial  uses.     Thus  through  research  a  waste  becomes  a  raw 
material  for  a  new  industry. 

Research  and  Artificial  Silk 

Through  research,  wood  pulp  and  other  cellulose  materials 
valued  at  approximately  five  cents  per  pound  are  converted  into 
artificial  silk,  valued  at  an  average  of  S2.50  per  pound.  The 
value  of  the  artificial  silk  produced  in  the  United  States  is  ap- 
proximately forty-five  miUion  dollars  per  year. 

This  exhibit  shows  viscose  silk  made  from  wood  pulp. 
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Accelerators  of  Vulcanization 


By  G.  Stafford  Whitby 


McGiLi,  University,  Montreai,.  C/i 


HAD  it  not  been  that  tlie  mixture  employed  contained 
a  catalyst,  Goodyear  might  not  have  discovered  the 
peculiar  effect  of  heating  rubber  -with  sulfur,  now 
known  as  vulcanization,  which  involves  such  an  important 
change  in  the  physical  properties  of  rubber  that  it  is  the 
basis  of  the  present-day  rubber  manu- 
facturing industry.  The  catalyst  used 
by  Goodyear  was  an  inorganic  lead  com- 
pound, and  inorganic  catalysts,  particu- 
larly oxides  of  lead,  calcium,  and  mag- 
nesium, have  been  continuously  and 
largely  used  by  the  rubber  industry,  al- 
though it  is  only  recently  that  an  ex- 
planation of  their  mode  of  action'  has 
seemed  possible. 

Within  the  last  decade  it  has  been  found 
that  many  organic  compounds  act  as  ac- 
celerators of  vulcanization,  and  a  number 
of  such  compounds  have  come  into  wide 
technical  use.  Organic  accelerators  have 
proved  to  possess  capabilities  so  much 
wider  and  more  valuable  than  those  of 
inorganic  accelerators,  that  they  have 
attracted  much  more  study  than  has 
been  given  to  the  latter.  Furthermore 
at  the  time  their  existence  was  discov- 
ered, rubber  manufacturing,  wluch  had 
previously  been  conducted  on  almost 
entirely  empirical  lines,  began  to  be 
an  object  of  scientific  study. 

To  designate  an  agent  wliich  when  present  in  a  small 
proportion  hastens  the  rate  of  vulcanization  of  rubber,  the 
term  "accelerator"  is  preferred  to  "catalyst,"  because  it  is 
behe\'ed  that,  in  some  cases  at  least,  not  the  agent  originally 
introduced  into  the  rubber,  but  a  product  derived  from  it 
by  decomposition  or  reaction  is  the  actual  catalj'st,  and 
because  it  is  not  improbable  that  in  some  cases  the  active 
substance  is  gradually  changed  during  the  course  of  vulcan- 
ization into  an  inactive  product.  Few  or  no  investigations, 
however,  have  been  made  to  determine  the  possibility  of 
isolating  quantitatively  from  a  vulcanizate  an  accelerator 
originally  introduced. 

The  number  of  compounds  capable  of  accelerating  vul- 
canization is  so  large,  they  vary  so  much  in  potency  and  in 
the  character  of  their  effects,  and  their  potency  is  influenced 
so  much  by  some  components  of  rubber  mi.xings  other  than 
rubber  and  sulfur,  that  the  field  wliich  they  present  for  both 
scientific  and  technical  investigation  is  very  large.  Among 
the  accelerators  which  are  or  have  been  most  widely  used  in 
technical  practice  are  the  following:  aniline,  hexamethylene- 
tetramine,  anhydi-oacetaldehydeaniline,  aldehyde  ammonia, 
and  thiocarbanilide.  These  may  be  considered  as  repre- 
sentative of  the  following  tliree  classes  of  substances  in  which 
many  accelerators  have  been  found:  (1)  bases;  (2)  conden- 
sation products  of  aldehydes  with  ammonia  or  amines; 
(3)   thioureas.    Most  of  the  accelerators  used  technically 

1  Bedford  and  Winkleman,  in  a  paper  presented  before  the  Division 
of  Rubber  Chemistry  at  the  65th  Meeting  of  the  American  Chemical  Society, 
New  Haven,  Conn.,  April  2  to  7,  1923;  Seidl,  Cammi-Z.,  26,  710,  748  (1911): 
Scott  and  Bedford,  This  Journai,,  13,  125  (1921). 


are  comparatively  mild  in  their  action.  The  order  of  their 
potency  may  be  indicated  roughly  by  saying  that  1  per 
cent  will  reduce  the  time  of  \ailcanization  to  one-half  to 
one-sixth  of  that  required  in  the  absence  of  an  artificial  accel- 
erator. 

Ultra- Accelerators 

Witliin  the  past  three  years  or  so  the 
attention  of  investigators  has  been  di- 
rected chiefly  to  classes  of  substances,  the 
potency  of  which  as  vulcanization  accel- 
erators is  of  a  much  higher  order  than 
that  just  indicated.  These  more  active 
agents  have  been  distinguished  from  the 
milder  ones  by  calling  them  "ultra-accel- 
erators." Their  activity  is  such  that 
they  can  produce  vulcanization  with  a 
proportion  of  sulfur  which  would  be  too 
small  and  at  a  temperature  which  would 
be  too  low  for  vulcanization  in  theii- 
absence.  The  term  "ultra-accelerator" 
has  been  defined  by  the  writer  in  the 
sense  of  this  ability.^  In  the  futm-e  the 
distinguishing  prefix  "ultra"  may  no 
longer  be  necessary,  for  the  possibihties 
which  such  accelerators  present  are  so 
valuable  that  probably  they  will  in  the 
course  of  time  be  the  main  class  of  ac- 
celerators used  in  practice.  Their  general 
employment  wiU  demand  some  modifications  in  present-day 
manufactm-ing  operations  and  a  great  deal  more  study  be- 
fore completely  satisfactory  results  can  be  obtained. 

The  degree  of  potency  of  ultra-accelerators  may  be  illus- 
trated by  some  data  (obtained  in  conjunction  with  A.  H. 
Smith)  on  the  ditluocarbamate  obtained  by  the  addition  of 
piperidine  to  carbon  disulfide— piperidinimn  pentamethyl- 
eneditluocarbamate  (CjHioN.CS . SNH2C6H10). 

Table  I  and  Figs.  1  and  2  show  the  effect  of  one  part  of  the 
accelerator  on  the  vulcanization  of  a  mi,xture  (rubber,  90; 
sulfur,  10;  zinc  oxide,  10  parts)  which  is  vulcanizable  without 
an  accelerator. 
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Table 

I — Vulcanization  ok  Mi.xtuhe  A 

Without  Accelerator                          With  Accelerator 

Time 

TbXLb'              ^. 

TbXLb" 

Hours    Tb° 

Lb' 

100         Lm''  Minutes  Tb° 
Cures  al  141°  C. 

Lb' 

100 

Lm^ 

1  1300 

2  1440 

3  2200 

4  2000 

970 
940 
865 
815 

12,610         845         1       3440 
13,536         808         2       3125 
19,030         694         3         355 
16,300         643         5         300 
Cures  al  131 "  C. 

810 
685 
280 
205 

27,864 

21,406 

994 

615 

585 
466 

1  690 

2  1030 

3  1093 

4  1410 

5  1500 

1060 
1030 
971 
930 
895 

7,314       (1084)      1       2740 
10,609         968         2       3500 
10,613         891         3       3450 
13,113         813         5         365 
13,425         763          

850 
750 
710 
290 

23,290 
26,250 
24,495 
1,058 

659 
535 
480 

a  Breaking   stress   in   pounds  per  square  inch, 

b  Percentage   length   at   break. 

c  Tensile   product. 

d  Percentage  length  at  a  load  of  750  pounds 

per  square  inch 

At  141  °  C.  (Fig.  1)  vulcanization  for  1  minute  with  the  accel- 
erator serves  to  bring  the  stress-strain  curve  to  a  lower  posi- 
tion than  vulcanization  for  4  hours  without  it,  and  vulcan- 

2  J.  Soc.  Ckem.  Ind.,  42,  369R  (1923). 
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ization  for  3  minutes  with  the  accelerator  results  in  a  brittle 
product — that  is,  in  a  complete  overcure.  It  would  appear 
that  without  the  accelerator  a  cure  for  about  300  minutes 
would  be  required  to  bring  the  curve  to  as  low  a  position  as 
that  occupied  by  the  curve  obtained  by  vulcanization  for 
1  minute  with  the  accelerator.  Hence,  the  acceleration 
factor  for  1  per  cent  of  this  accelerator  in  the  mixture  in 
question  is  about  300°  at  141  °  C.  At  131  °  C.  (Fig.  2)  \'ulcani- 
zation  for  1  minute  with  the  accelerator  brings  the  curve  into 
a  lower  position  than  vulcanization  for  5  hours  without  it, 
and  vulcanization  for  .5  minutes  leads  to  a  complete  overcure. 
It  would  appear  that  wthout  the  accelerator  a  cure  for  nearly 
7  hours  would  be  necessary  to  bring  the  curve  into  as  low 
a  position  as  that  occupied  by  the  curve  corresponding  to 
the  one  obtained  by  curing  for  1  minute  with  the  accelerator. 
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Fig.  1— Vulcanizations  at  141°  o?  Mixture  A  (1  to  4  Hours  with- 
out Accblbrator;  I  to  5  Minutbs  with  Accblerator) 

On  the  basis  of  the  stress-strain  curves,  then,  1  per  cent 
of  the  accelerator,  in  the  presence  of  10  parts  of  zinc  oxide, 
increases  the  speed  of  xiilcanization  of  a  90 :  10  rubber-sulfur 
mixture  300  to  400  times  at  temperatures  from  131  °  to  141  °  C. 

In  Table  II  the  potency  of  the  accelerator  is  still  more 
evident.  This  table  shows  the  effect  of  one  part  of  the  accel- 
erator on  Mixture  B  (rubber,  90;  sulfur,  2;  zinc  oxide,  10) 
which  is  for  all  practical  purposes  unvulcanizable  in  the 
absence  of  the  accelerator. 


Table  II- 

-Vulcanization  of  Mixture 

B  WITH  Accelerator 

Time 
Minutes 

TbXLb 

Tb 

Lb 

100 

L7iO 

Cures  al  141° 

C. 

2 
5 
10 

■     SOo 
305 
300 

420 
310 
320 
Cures  at  131' 

C. 

2,121 
945 
900 

2 
5 
10 
20 

3630 
3770 
450 
460 

850 
760 
375 
390 
Cures  at  115' 

C. 

30.855 
28,6.'i2 
1,687 
1,794 

583 
505 

5 
10 
20 
30 
60 

3500 
4300 
3930 
4100 
3180 

855 
790 
740 
735 
670 

29,925 
33,970 
29,082 
30,135 
21,306 

617 
550 
485 
468 
468 

Without  the  accelerator,  heating  for  periods  of  1,  2,  3,  and  4  hours 
gave  products  which  were  practically  unvulcanized,  the  highest  value  for 
To  for  any  one  sheet  being  less  than  100  pounds  per  square  inch. 

In  the  absence  of  the  accelerator  the  material  remains 
practically  un\'Tilcanized  after  heating  for  4  hours  at  141°  C. 
In  its  presence  the  stock  is  badly  overcured  by  heating  for 
2  minutes  at  the  same  temperature  and  weU  cured  by  heating 
for  2  minutes  at  131  °  F.  or  for  5  minutes  at  115°  F.  The  ten- 
sile strength  obtainable  in  the  vulcanized  product  is  greatly 
increased  by  the  use  of  the  accelerator  (Figs.  1  and  2). 

Ultra-accelerators  increase  the  speed  of  vulcanization  so 
greatly  that  with  their  aid  it  becomes  possible  to  vulcanize 
rubber  mixtures  at  room  temperatures.  Their  practical 
use  for  the  cold  vulcanization  of  rubber  goods  is  as  yet  hardly 
beyond  the  experimental  stage.  A  great  deal  of  investiga- 
tion must  be  conducted  on  the  proportion  of  sulfur,  choice 
of  accelerator,  proportion  of  accelerator,  and  composition 


of  the  mixtm-e  before  the  vulcanization  of  the  various  rubber 
mixtures  in  a  tire,  for  example,  can  be  satisfactorily  and 
simultaneously  conducted  in  the  cold,  to  give  a  product  pos- 
sessing all  possible  improved  physical  properties  and  also 
aging  well.  But  ultimately  rubber  manufacturers  will  prob- 
ably find  it  possible  to  dispense  with  much  of  the  expensive 
equipment  now  required  for  hot  vulcanization. 

Some  evidence  indicates  that  many  accelerators  improve 
the  aging  of  vulcanized  rubber,  especially  when  the  propor- 
tion of  sulfur  and  accelerator  is  rightly  balanced.'  A 
more  intensive  study  of  the  nature  of  aging  is  desirable. 
Marzetti''  concludes  that  aging  is  essentially  dependent  upon 
the  absorption  of  ox-ygen  by  rubber.  It  should  be  possible 
to  choose  accelerators  of  such  a  nature  and  to  use  them  under 
such  conditions  that  rubber  goods  with  aging  properties 
greatly  superior  to  those  of  the  products  now  usually  made 
can  be  prepared. 

One  of  the  difficulties  which  may  attend  the  practical 
employment  of  ultra-accelerators,  because  of  the  great 
activity  of  these  substances,  is  "scorching,"  or  premature 
vailcanization,  during  the  mixing  and  other  preliminary 
operations.  This  difficulty,  however,  is  not  Likely  to  prove 
insuperable.  Various  preventative  procedures  have  already 
been  suggested.' 

Reactions  of  Ultra-Accelerators  in  Vulcanization 

The  question  of  the  reactions  of  accelerators  during  vul- 
canization raises  some  interesting  points  in  organic  chemistry. 
As  Bedford  and  Sebrell^  have  remarked,  while  the  reactions 
of  organic  compounds  with  sulfur  have  hitherto  been  of 
interest  with  respect  to  tlie  sulfur  colors,  such  reactions  now 
become  of  interest  with  respect  to  the  vulcanization  of  rubber. 
A  study  of  the  behavior  of  organic  compounds,  such  as  those 
employed  as  vulcanization  accelerators,  towards  sulfur  at 
temperatures  lower  than  the  temperatures  used  in  the  pro- 
duction of  sulfur  dyes  is  desirable. 

Within  the  two  or  tliree  years  during  which  the  reactions 
and  mode  of  action  of  vulcanization  accelerators  have  re- 
ceived attention,  very  satisfactory  progress  has  been  made. 
A  scheme  intended  to  cover  a  number  of  cases  has  been 
put  forward  by  Bruni  and  Romani,'  and  a  more  compre- 
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Fig.  2 — Vulcanizations  at  131°  (I'A  to  5  Hours  without  Accel-' 
erator;  Other  Cures  with  Accelerator) 

hensive  one  by  Bedford  and  his  co-workers.*  There  are, 
however,  many  elements  of  speculation  in  both  these  schemes, 
which  to  a  large  extent  must  be  regarded  as  merely  suggestive 
of  the  types  of  reactions  which  accelerators  probably  undergo 

'  Schidrowitz  and  Burnand,  J.  Soc.  Chem.  Ind.,  40,  268T  (1921) ;  Whitby 
and  Walker,  This  Journal,  IS,  816  (1921);  Marzetti,  Ciorn.  chim.  ind. 
appHcata,  6,   122  (1923). 

*  Loc.  cit. 

'  Pestalozza,  India-Ruhber  J.,  66,  623  (1923);  Morton,  U.  S.  Patent, 
1,434,908  (1922);  Romani,  Le  Caoutchouc,  19,  11626  (1922). 

»This  Journal,  13,   1034  (1921). 

'  Bruni  and  Romani,  India-Rubber  J.;  Romani,  Le  Caoutchouc,  19, 
11626  (1922). 

8  This   Journal.  16,  720  (1923). 
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in  vulcanization  and  as  offering  working  hypotlieses  on  which 
to  base  a  closer  study  of  the  various  classes  of  compounds 
capable  of  accelerating  vulcanization. 

The  most  active  accelerators  known  belong  to  the  foIloTving 
classes  of  compounds: 


1 — Salts  of  dithiocarbamic  acids  from  secondary 
2 — Dithio  acids  and  their  salts  (R.CS.SM) 
3— Xanthates  (RO.CS.SM) 


4 — Mercaptobe 


OtIiJi 


nd  the 


aptides  I  C«H.<'        ^C.SH  1 


5 — Disulfides  corresponding  to  the  foregoing  classes: 
(a)  Thiuram  disulfides   (RjN.  CS.S.S.  CS.  NRi) 
(6)   Di-dithioacyl  disulfides  (R.  CS.S.S.  CS.  R) 
(c)   Dixanthogens  (RO.CS.S.S.  CS.OR) 
(li)    Di-benzothiazole  disulfides 

Bruni  and  Romani^  found  that  such  disulfides  are  "auto- 
ultra-accelerators" — that  is,  they  are  capable  of  bringing 
about  the  rapid  \'ulcanization  of  rubber  in  the  absence  of 
free  sulfur.'  Tiiese  authors  assume  that  this  capacity  is 
due  to  the  .splitting  off  of  sulfur  in  an  active  form,  accom- 
panied by  the  conversion  of  the  disulfide  into  a  monosulfide.'" 
X.CS.S.S.CS.X — >S  -i-X.CS.S.CS.X 

They  also  beUeve  that  the  accelerating  action  of  accel- 
erators in  the  first  four  classes  is  dependent  upon  their  con- 
version into  the  corresponding  disulfides.  This  conversion 
they  regard  as  being  brought  about  by  the  action  of  sulfur 
on  the  zinc  salt,  the  latter  being  the  substance  originally 
introduced  or  being  formed  from  that  substance  by  reaction 
with  zinc  oxide.  The  presence  of  this  oxide  is  essential  in 
order  that  all  these  accelerators  may  display  their  full  ac- 
tivity. 

(X.S)2Zn  -I-  S — >-X,S.S-X  4-  ZnS 

Certain  pieces  of  evidence  tell  against  the  correctness  of 
this  view.  Bedford  and  Sebrell"  find  that  zinc  dimethyl- 
dithiocarbamate  undergoes  little  or  no  reaction  with  sulfur 
when  heated  with  it  at  \'ulcanization  temperature  (in  boiling 
xylene).  Although  from  the  view  stated  above,  it  is  reason- 
able to  expect  the  disulfides  to  be  somewhat  more  active 
than  the  zinc  salts,  it  has  been  found'^  that  the  disulfides 
of  Classes  5a,  56,  and  5c  are  appreciably  less  active  than  the 
corresponding  zinc  mercaptides  of  Classes  1,  2,  and  3.     Maxi- 

•  A  point  of  some  importance  here  is  not  clear — that  is.  whether  such 
disulfides  when  used  in  the  absence  of  free  sulfur  require  zinc  oxide  to  bring 
out  their  full  curing  power.  Romani  [Gtorn.  chim.  ind.  applicala,  3,  197 
(1921)]  states  that  vulcanization  by  thiuram  disulfides  in  the  absence  of 
free  sulfur  is  rendered  more  energetic  by  the  addition  of  zinc  oxide,  whereas 
Bedford  and  Sebrell  [This  Journau,  14,  25  (1922)]  state  that  zinc  oxide 
does  not  enhance  the  activity  of  these  compounds. 

10  So  far  as  the  writer  knows,  it  has  not  been  experimentally  demon- 
strated that  the  disulfides  undergo  conversion  to  monosulfides  when  heated. 
The  method  which  has  been  used  in  the  laboratory  for  this  conversion  has 
been  treatment  with  potassium  cyanide.  Further,  Bruni  and  Rotnani 
do  not  make  it  clear  whether,  when  vulcanization  is  conducted  in  the  pres- 
ence of  free  sulfur,  they  regard  the  monosulfide,  which  they  believe  to  be 
formed,  as  combining  with  sulfur  to  regenerate  the  disulfide  and  so  activate 
the  free  sulfur.  Vulcanization  with  a  disulfide  takes  place  much  more 
quickly  in  the  presence  of  zinc  oxide  and  free  sulfur  than  in  the  presence  of 
zinc  oxide  alone.  Furthermore,  the  monosulfides,  although  not  quite  so 
active  as  the  disulfides,  are,  as  Whitby  and  .Simmons  have  recently  found, 
powerful  accelerators  in  the  presence  of  zinc  oxide. 

In  any  case  the  question  arises — what  is  the  constitution  of  such  organic 
S 
disulfides?     Are  they  Y.S.S.Y.  or  Y.-Y?     If  the  former,  the  suggestion 

that  they  can  split  off  sulfur  and  give  monosulfides  is  less  credible  than  if 
the  latter.  Their  formation  from  thioles  by  oxidation  would  appear  to 
indicate  the  former  formula,  whereas  their  conversion  to  monosulfides  by 
treatment  with  potassium  cyanide  would  appear  to  indicate  the  latter. 

Bedford  and  Sebrell  [This  Journal,  14,  25  (1922)]  agree  with  Bruni  and 
Romani  to  the  extent  of  concluding  that  one-quarter  of  the  total  sulfur  of 
thiuram  disulfides  is  available  for  vulcanization. 

"  This  Journal,  14,  25  (1922). 

1^  Whitby  and  Simmons,  in  a  paper  presented  before  the  Division  of 
Rubber  Chemistry,  at  the  65th  Meeting  of  the  American  Chemical  Society, 
New  Haven,  Conn.,  April  2  to  7,   1923. 


moff"  has  found  that  when  they  are  melted  with  zinc  oxide 
thiuram  di-  or  monosulfides  give  zinc  dithiocarbamates. 
Bedford  and  SebrelF'  find  that,  whereas  zinc  dimethyl 
dithiooarbamate  will  vulcanize  a  mbber-sulfur-zinc  o.xide 
cement  at  room  temperature,  the  corresponding  thiuram 
disulfide  fails  to  do  so. 

Bedford  and  Sebrell,  however,  state  that  in  the  presence 
of  hydrogen  sulfide  the  disulfide  will  vulcanize  at  ordinary 
temperature,  which  result  they  ascribe  to  the  formation  of 
the   zinc   dithiocarbamate,   as  follows: 

X.S.S.X  -I-  HjS — >-2X.SH  +  S 
2X.SH-|-ZnO — >-(X.S)2Zn  +  H2O 

Maximoff"  and  Bedford"  almost  simultaneously  ex- 
pressed the  view  that  in  the  case  of  all  substances  belonging 
to  Classes  1  to  5,  employed  in  the  presence  of  zinc  oxide, 
the  active  agent  is  the  zinc  salt."  In  the  case  of  Classes 
1  to  4  the  zinc  salt  is  the  substance  originally  introduced  or 
is  formed  easily  by  reaction  with  zinc  oxide.  In  the  case  of 
Class  5  the  zinc  salt  is  formed,  according  to  Maximoflf, 
by  reaction  with  zinc  oxide,  and  according  to  Bedford;  by 
reaction  with  hydrogen  sulfide  and  zinc  o.xide. 

Other  evidence  supports  the  view  that  the  zinc  salts,  and 
not  the  disulfides,  are  the  active  agents.  Bedford  supposes 
that  the  zinc  salts  function  through  the  formation  of  poly- 
sulfides.  While  this  is  not  improbable,  there  is  as  yet  little 
direct  experimental  evidence  in  favor  of  this  belief. 

Reactions  of  Other  Accelerators 

Bruni  and  Romani  have  with  some  ingenuity  sought  to 
bring  a  large  number  of  other  types  of  accelerators  within 
the  same  scheme  as  that  which  they  propose  for  Classes 
1  to  5,  but  all  their  suggestions  call  for  closer  investigation 
before  they  can  be  accepted.  These  authors  give  the  follow- 
ing scheme  for  thiocarbanilide: 

Under  the  influence  of  heat  the  accelerator  breaks  down  into 
phenyl  mustard  oil  and  aniline.     The  phenyl  mustard  oil  then 
reacts  with  sulfur  to  give  mercaptobenzothiazole,  which,  in  the 
manner  already  suggested,  is  converted  into  the  disulfide. 
SC(NHPh)2 >-PhNH2    -I-    PhNCS 

PhNCS    -I-    S — J-CsH/      >C.SH 

Since  mercaptobenzothiazole  can  also  be  obtained  by 
the  action  of  sulfur  on  other  disubstituted  thioureas,  on 
mono-  and  on  trisubstituted  thioureas,  on  dimethylaniline, 
and  on  methyleneaniUne,  Bruni  and  Romani  consider  that 
the  accelerating  action  of  all  these  substances  can  be  brought 
into  the  same  scheme.  Romani'^  has  suggested  that  the 
mode  of  action  of  accelerators,  such  as  aldehyde  ammonia, 
hydrobeuzamide,  and  furfuramide,  formed  by  the  condensa- 
tion of  an  aldehyde  mth  ammonia,  can  be  similarly  envisaged. 
He  suggests  that  such  substances  give  rise  to  the  aldehyde 
and  ammonia,  that  the  ammonia  forms  polysulfides  with 
hydrogen  sulfide  generated  during  vulcanization,"  and 
that  the  polysulfides  form  a  dithio  acid  (accelerator  of  Class 
3)  with  the  aldehyde. 

The  case  of  thiocarbanilide  has  also  been  discussed  by 
others.    ICratz,   Flower,  and   Coolidge'*  concluded  that  its 

'3  Z.e  Caoutchouc,   18,  10986  (1921). 

^' Ibid..   18,  10944,  109S6  (1921). 

's  Earlier  Bedford  and  Scott  [This  Journal,  12,  31(1920)]  had  ex- 
pressed a  different  view  as  to  the  mode  of  action  of  dithiocarbamates.  They 
supposed  that  at  vulcanizing  temperatures  such  compounds  as  the  piper- 
idinium  salt  of  pentamethylenedithiocarbamic  acid  and  the  dimethyl- 
ammonium  salt  of  dimethyldithiocarbamic  acid  lose  hydrogen  sulfide  to 
give  thioiu"eas.  Apparently,  at  this  time  the  important  relation  of  zinc 
oxide  to  such  accelerators  was  not  recognized. 

'«!.«  Caoutchouc,  19,  11626  (1922). 

"  This  reaction  has  been  described  as  a  method  of  preparing  dithio 
acids  by  Bruni  and  Levi    [Atli  accad.  Lined,  [5]  32,  5  (1923)]. 

"This  Journal,    12,   317    (1920). 
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action  is  dependent  essentially  upon  the  aniline  formed  by 
its  decomposition  into  aniline  and  phenyl  mustard  oil.  They 
considered  the  latter  substance  to  be  inactive."  Bedford 
and  Sebrell'  beUeve  that  thiocarbanihde  accelerates  vnl- 
canization  by  reacting,  in  its  tautomeric  form,  PhN:C- 
(SH) .  NHPh,  to  form  a  zinc  mercaptide,  which,  as  in  the 
case  of  Classes  1  to  5,  they  believe  to  be  the  active  substance. 
These  authors  state  that  the  formation  of  mercaptobenzo- 
thiazole  from  thiocarbanilide  under  the  influence  of  heat 
and  sulfur  does  not  occur,  as  the  views  of  Bruni  and  Romani 
would  demand,  at  the  temperature  of  vulcanization.  They 
quote  some  suggestive  experiments  in  support  of  their  view. 

The  ideas  of  Bedford  have  undergone  much  modification 
during  their  development,  but  his  final  belief  apparently 
is  that  most  cases  of  acceleration  are  due  to  polysulfide 
formation  on  the  part  of  the  thiole'"  or  disulfide-'  groups. 

Some  investigators"'"  hold  that  an  important  factor  in  the 
ability  of  certain  compounds  containing  an  — SH  group  to 
act  as  accelerators  and  of  certain  metallic  oxides  to  "activate" 
such  compounds  is  the  stability  of  the  mercaptides  in  ques- 
tion. Yet  recent  experiments"  show  that,  although  the 
heavy  metal  salts  of  accelerators  in  Classes  1  to  4  are  dis- 
tinguished in  general  by  remarkable  stability,  the  mere 
ability  to  form  mercaptides,  even  of  zinc,  which  are  stable 
at  vulcanizing  temperatures  is  not  enough  to  confer  accel- 
erating power,  as  some  stable  mercaptides,  such  as  zinc 
phenyltliiobiazoltliione  mercaptide,  have  little  or  no  accel- 
erating power. 

Dispersing  Agents  as  Accelerators 

Recent  experiments^'  have  introduced  a  new  factor  for 
consideration  with  respect  to  the  mechanism  of  accelerator 
action.  They  make  it  appear  that  in  some  cases  accelerators 
may  owe  part  or  all  of  their  effect  on  the  rate  of  \Tilcamza- 
tion,  not  to  action  on  the  sulfur,  but  to  action  on  the  caout- 
chouc.^'i  It  has  been  shown  that  soaps  hasten  \'ulcaniza- 
tion  in  the  presence  of  recognized  \'ulcanization  accelerators.-' 

"  Whitby  and  Dolid  (paper  presented  before  the  Division  of  Rubber 
Chemistry  at  the  65th  Meeting  of  the  American  Chemical  Society,  New 
Haven,  Conn.,  April  2  to  7, 1923)  have  found  that  mustard  oils  dissolve  rub- 
ber to  give  strikingly  limpid  solutions.  It  is  therefore  possible  that,  al- 
though mustard  oils  may  not  accelerate  vulcanization  by  activating  sulfur, 
they  may  do  so  by  increasing  the  degree  of  dispersion  of  caoutchouc. 

20  The — SH  group  may  be  originally  present  in  the  molecule,  as  in  the 
case  of  Classes  1  to  4,  or  it  may  be  formed  by  tautomerization,  as  in  the  case 
of  thiocarbanilide.  Whitby  and  Simmons  report  that  in  general  where  the 
occurrence  of  an  — SH  group  depends  upon  tautomerization,  accelerating 
power  is  absent  or  comparatively  low.  In  an  earlier  paper  [Scott  and  Bed- 
ford, This  Journal,  13,  125  (1921))  it  was  suggested  that  in  the  case  of  a 
large  number  of  accelerators  — SH  groups  arise  by  the  addition  of  hydrogen 
sulfide  to  ammonia  or  an  amine,  and  such  accelerators  were  described  as 
"hydrogen  sulfide  polysulfide"  accelerators.  But  apparently  this  sugges- 
tion has  been  modified  or  abandoned." 

-^  In  some  cases  disulfides  are  supposed  to  be  formed  by  sulfur  reaction. 
Yet,  while  in  the  case  of  accelerators  of  Class  5.  acting  in  the  presence  of 
zinc  oxide,  this  author  regards  disulfides  as  being  reduced  to  thioles  prior 
to  polysulfide  formation,  in  the  case  of  the  disulfides  which  he  regards  as 
being  formed  by  sulfur  reaction  from  such  accelerators  as  aromatic  diamines,' 
and  in  the  case  of  accelerators  of  Class  5,  acting  in  the  absence  of  zinc 
oxide, 11  he  regards  the  disulfides  themselves  as  undergoing  polysulfide 
formation. 

'"■  Whitby  and  Simmons,  loc.  cil.;  Whitby,  Roy.  Soc.  Canada,  May, 
1923 

■'  Whitby  and  Cambron,  J,  Soc.  Chem.  Ini.,  M,  333T  (1923);  W'hitby 
and   Simmons,  loc.  cit, 

**  Some  indirect  evidence  for  the  view  that  accelerators  may  affect 
the  rubber  rather  than  the  sulfur  was  advanced  by  Le  Blanc  and  Kroger 
\Z.  Eleklrochem.,  27,  335  (1921)).  These  authors  found,  in  experiments  on 
the  rate  of  gel  formation  in  rubber-sulfur  cements,  that  solvents  of  high 
dielectric  constant,  giving  rubber  solutions  of  low  viscosity  (solutions  in 
which  the  rubber  is  "depolymerized"),  led  to  a  more  rapid  gelling  than 
solvents  of  lower  dielectric  constant,  giving  solutions  of  higher  viscosity, 
and  that  accelerators  both  reduced  the  viscosity  and  hastened  gel  formation. 

-'  Ultra-accelerators  were  used,  but  it  is  probable  that  soaps  have  a 
similar  effect  on  vulcanization  in  the  presence  of  milder  accelerators  and  of 
the  accelerators  naturally  present  in  raw  rubber. 


Their  effect  is  presumably  to  increase  the  degree  of  disper- 
sion of  the  caoutchouc,  or  of  its  sulfur  reaction  product. 

Many  accelerators  are  bases, ^'  others,  like  aldehyde  am- 
monia, may  give  rise  to  bases  by  decomposition;  and  others, 
like  piperidinium  pentamethylenedithioearbamate,  may  give 
rise  to  bases  as  a  result  of  reaction  with  zinc  oxide.  Such 
bases,  if  sufficiently  strong,  will  give  rise  to  soaps  by  neu- 
tralizing the  acids  of  which  the  rubber  resin  has  recently 
been  shown  largely  to  consist."  The  formation  of  soaps 
in  this  way  not  only  increases  the  rate  of  \'ulcanization,  but 
also  leads  to  enhanced  tensile  strength  in  the  \-ulcanized  ■ 
product.^* 

The  action  of  an  accelerator  such  as  piperidinium  penta- 
methylenedithioearbamate is  beUeved  to  depend  upon  the 
formation  of  two  substances — (1)  the  zinc  dithiocarbamate, 
and  (2)  piperidinium  salts  (soaps)  of  the  resin  acids.  Repre- 
senting the  acids  of  the  rubber  resin  as  HA,  the  reactions 
which  probably  occur  in  a  rubber  stock  containing  zinc  oxide  ' 
and  an  accelerator  of  the  type  just  mentioned  may  be  shown 
as  follows: 

2C6Hi„N.CS.SNH2C6Hio  +  ZnO  +  2HA — >-(C6H,oN.CS.S)2Zn 
-I-  SA.NHzCsHio  -I-  H2O 

It  is  probable  that  some  of  the  phenomena  in  rubber  which 
have  been  described  as  "depolymerization"  and  "pol>-mer- 
ization"  are  in  reahty  merely  changes,  such  as  those  caused 
by  the  introduction  of  soaps,  in  the  degree  of  dispersion  of 
the  caoutchouc. 

'•  Caustic  alkalies  act  as  vulcanization  accelerators.  Twiss  [J.  Soc. 
Chem.  I tid.,  36,  782  (1917)),  who  is  responsible  for  the  most  complete  study 
of  caustic  alkalies  as  accelerators,  mentioned  the  possibility  of  such  acceler- 
ators functioning  by  acting  on  the  rubber  rather  than  on  the  sulfur.  Twiss 
and  Thomas  [Ibid.,  40,  48T  (1921)]  disproved  the  suggestion  that  the 
accelerating  action  of  caustic  alkalies  and  other  bases  is  due  to  their  cata- 
lytic effect  on  the  transformation  of  S^  into  SX.  Scott  and  Bedford  (This 
Journal,  13,  125  (1921))  regarded  caustic  alkalies  as  functioning  through 
the  formation  of  polysulfides  on  the  part  of  the  hydrosulfides  supposed  to 
arise  from  them  by  the  action  of  hydrogen  sulfide.  Bedford  and  Sebrell* 
considered  the  action  of  sodium  phenolates  as  accelerators  to  be  due  to 
reaction  of  sulfur  with  the  aromatic  nucleus  leading  to  a  disulfide — for 
example,  NaO.  C6H4.S.S.  C6Hi.  ONa.  from  which  polysulfides  are  formed. 

"  Whitby  and  Winn,  J.  Soc.  Chem.  Ind.,  42,  336T  (1923). 

^  This  observation  may  prove  to  be  of  significance  with  regard  to  the 
question  of  the  structure  of  elastic  gels. 


Huge  Sale  of  Pulp  Timber  by  Forest  Service 

The  largest  sale  of  pulp  timber  ever  made  by  the  United 
States  Forest  Service  was  announced  recently.  The  transaction 
involves  334,000,000  cubic  feet  of  timber  in  the  Tongass  National 
Forest,  Alaska.  The  buyer,  the  firm  of  Hutton,  ilcNear  & 
Dougherty,  of  San  Francisco,  has  agreed  as  part  of  the  considera- 
tion for  the  timber  to  build  a  pulp  manufacturing  plant  of  not 
less  than  100  tons  daily  capacity,  and  ultimately  with  a  daily 
capacity  of  200  tons,  at  the  Cascade  Creek  water-power  site  on 
Thomas  Bay,  20  miles  from  Petersburg,  Alaska,  within  the 
Tongass  National  Forest.  It  is  understood  that  the  firm  plans  to 
instal  a  complete  newsprint  plant  with  a  daily  capacity  of  20U  tons. 

According  to  the  plans  of  the  Forest  Ser\'ice  for  this  sale  unit, 
as  well  as  for  all  pulp  timber  developments  in  Alaska,  the  timber 
will  be  cut  on  a  perpetual  supply  basis,  enough  seed  trees  being 
left  to  insure  complete  natural  reproduction.  The  volume  of 
pulp  timber  and  the  area  of  timber-growing  land  within  the  unit, 
reserved  from  other  disposition,  are  sufficient  to  afford  a  perma- 
nent source  of  raw  material  for  this  enterprise. 

Under  the  perpetual  timber  supply  plan  at  least  1, .500,000 
tons  of  paper  can  ultimately  be  produced  in  Alaska  every  year. 
This  amount  is  more  than  one-half  of  the  newsprint  now  con- 
sumed annually  in  the  United  States  and  nearly  20  per  cent  of 
the  total  consumption  of  all  kinds  of  paper  and  wood  fiber  prod- 
ucts. As  each  new  unit  of  timber  and  water  power  is  developed 
in  Alaska,  the  manufacturing  capacity  will  be  gaged  to  the 
timber  supply  and  growing  power  of  the  land  so  that  there  will 
be  no  depletion  of  raw  material. 

The  Cascade  Creek  sale  is  in  line  with  the  policy  for  the  de- 
velopment of  the  national  forest  in  Alaska,  which  was  a  subject 
of  special  study  by  President  Harding  during  his  trip  to  the 
Territory  and  which  received  his  indorsement. 


Octolier,  1923 
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1 — Mercaptobenzothiazole  and  Its  Derivatives  as  Accelerators 
of  Rubber  Vulcanization''' 


By  L.  B.  Sebrell  and  C.  E.  Boord 

Ohio  State  University,  Columbus.  Ohio 


In  a  separate  paper-  the  preparation  and  properties  of  l-mer- 
captohenzothiazole  and  six  of  its  substituted  derivatives  have  been 
fully  described.  Three  of  these  methods  are  new.  The  mechanism 
of  the  reactions  involved  in  these  preparations  has  been  fully  dis- 
cussed. For  six  of  these  mercaptothiazoles  the  disulfides  have  also 
been  described,  and  in  two  cases  the  zinc  and  lead  salts. 

Mercaptobenzothiazole  and  its  substituted  derivatives  show  the 
following  relative  activity  as  accelerators  of  vulcanization:  (/) 
3-methyl.  (2)  3.5-dimethyl.  (i)  unsubstituted .  (4)  4-methyl.  (5) 
5-methyl,  (6)  5-ethoxy,  (7)  5-methoxy.  Several  compounds  with  a 
structure  analogous  to  I -mercaptobenzothiazole  were  prepared  and 
their  accelerating  values  determined.  The  mercaptobenzothiazoles 
have  no  value  as  accelerators  except  in  the  presence  of  zinc  oxide. 
The  zinc  and  normal  lead  salts  of  these  thiazoles  are  faster  curing 
than  the  corresponding  free  thiazoles.  The  zinc  salt  of  the  l-mer- 
capto-5-methylbenzothiazole  and  the  normal  lead  salt  of  I  -mercapto- 


3-methylbenzothiazole  gave  the  highest  accelerating  values  of  any  of 
the  compounds  tested.  The  disulfides  have  a  lower  curing  power 
than  the  corresponding  free  thiazoles.  The  accelerating  power  of 
the   mercaptobenzothiazoles    is   directly   connected  with  the   atomic 

II 
grouping  — S — C — SH.  Any  alteration  in  this  grouping  removes 
almost  entirely  the  power  to  accelerate  rubber  vulcanization.  The 
mercapto  group  is  more  essential  to  the  accelerating  action  than  the 
sulfur  atom  of  the  thiazole  ring.  Both  are  necessary  to  develop 
the  highest  accelerating  power.  Aliphatic  mercaptothiazoles  show 
mark.ed  accelerating  power  but  are  inferior  to  the  mercaptobenzo- 
thiazoles. The  metallic  salts  of  the  mercaptobenzothiazoles  are  as- 
sumed to  be  the  active  agents  in  producing  acceleration. 

The  existing  theories  for  the  mechanism  of  acceleration  by  mercapto 
compounds  have  been  given.  The  results  obtained  in  this  worl^  are 
correlated  with  the  Bedford  and  Sebrell  polysulfide  theory. 


THE  use  of  1-mercaptobenzothiazole  as  an  accelerator 
of  \-ulcanization  was  first  suggested  by  Bedford  and 
Sel.)rell.^  This  announcement  was  closely  followed  by 
that  of  Bruni  and  Romani/  who  set  forth  in  detail  a  method 
for  the  preparation  of  1-mercaptobenzothiazole  by  heating 
thioearbanilide  with  sulfur  under  pressure.  They  also  pro- 
posed a  theory  for  the  mechanism  of  the  accelerating  action 
as  apphed  to  thioearbanilide  and  the  thiazole  derivatives. 

The  second  paper  of  Bedford  and  Sebrell'  revealed  that  the 
method  of  preparation  described  by  Bruni  and  Romani  had 
previously  been  known  to  them,  and  pointed  out  that  the 
mechanism  used  by  the  latter  workers  to  explain  the  action 
of  thioearbanilide  as  an  accelerator  was  untenable. 

The  present  investigation  is  a  continuation  of  the  w^ork  of 
Bedford  and  Sebrell.  It  has  been  carried  out  with  the  follow- 
ing purposes  in  mind: 

1 — To  make  a  comparative  study  of  the  relative  value  of 
several  derivatives  of  1-mercaptobenzothiazole  as  accelerators  of 
vulcanization. 

2 — By  a  process  of  substitution  and  elimination  to  determine 
what  part  of  the  mercaptobenzothiazole  structure  is  responsible 
for  the  accelerating  action  of  these  compounds. 

'  Presented  before  the  Division  of  Rubber  Chemistry  at  the  64th  Meet- 
ing of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September  4  to  8, 
1922. 

'  This  paper  and  one  entitled:  "The  Preparation  and  Properties  of  1- 
Mercaptobenzothiazole;  Its'  Homologs  and  Derivatives."  being  published 
simultaneously  in  J.  Am.  Client.  Soc,  46,  2390  (1923),  have  been  abstracted 
from  the  dissertation  presented  by  L.  B.  Sebrell  to  the  Graduate  School  of 
Ohio  State  University  in  partial  fultiiment  of  the  requirements  for  the  degree 
of  doctor  of  philosophy.  September,  1922. 

'  The  remarks  of  Bogert  and  Meyer.  J.  Am.  Chem.  Soc.  44,  826  (1922), 
concerning  the  numbering  and  nomenclature  of  the  benzothiazole  deriva- 
tives, have  been  noted  with  some  interest.  Their  contention  that  all  the 
atoms  of  the  thiazole  ring  should  be  numbered  is  correct,  but  for  the  sake  of 
uniformity  the  present  authors  prefer  to  adhere  to  the  system  in  use  b  y 
Chemical  .Abstracts.  For  this  reason,  the  system  as  outlined  by  Decennial  Index 
ol  C.  A.l,  2345  (1907-1916)— namely,  omitting  the  sulfur  and  beginning  the 
numbering  with  the  carbon  atom  of  the  thiazole  ring — has  been  followed. 
6 
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'  This  Journai,,  13,  1034  (1921). 
'  Giorn.  ckim.  ind.  applicaia,  3,  196  (1921). 
1  This  Journai.,  14,  25  (1922). 


Prepar.\tion  of  Materials 

I-Mbrcaptobenzothi.^zole  and  Its  Derivatives — The 
preparation  and  properties  of  1-mercaptobenzothiazole  and 
its  3-methyl,  4-methyl,  5-methyl,  3,5-dimethyl,  5-methoxy, 
and  5-ethoxy  derivatives  have  been  fully  described  in  a  sepa- 
rate paper  by  the  present  authors.^  Each  of  these  com- 
pounds, with  two  exceptions  where  the  quantity  of  material 
was  limited,  was  prepared  by  four  methods.  The  methods 
were  all  alike  in  that  the  reaction  mixtures  were  heated  to- 
gether in  an  autoclave  under  pressure.  The  mixtures  were 
(1)  the  corresponding  disubstituted  thiourea  and  sulfur,  (2) 
the  zinc  salt  of  the  corresponding  aryldithiocarbamic  acid 
and  sulfur,  (3)  the  ammonium  salt  of  the  same  acid  and  sulfur, 
and  (4)  a  mixture  of  the  corresponding  aryl  amine,  carbon 
disulfide  and  sidfiir.^ 

The  first  of  these  methods  is  the  same  as  used  by  Bedford 
and  Sebrell^  and  by  Bruni  and  Romani''  to  prepare  1-mer- 
captobenzothiazole. It  was  extended  by  the  present  authors' 
and  also  by  Romani'  to  the  monomethyl  derivatives  of  this 
same  thiazole.  The  disulfides  of  the  unsubstituted  tliiazole 
and  each  of  its  methylated  derivatives  were  described,  as  well 
as  the  normal  zinc,  normal  lead,  and  basic  lead  salts  of  the  same 
thiazole  and  its  3-inethyl  derivative  and  the  normal  zinc  salt 
of  the  5-methyl  derivative.  For  the  details  of  these  prepara- 
tions it  will  be  necessary  to  consult  the  original  article. 

Other  Benzothiazole  Derivatives — In  order  to  deter- 
mine the  particular  grouping  in  the  1-mercaptobenzothiazole 
structure  responsible  for  the  accelerating  action,  it  became 
necessary  to  prepare  a  series  of  related  benzothiazole  deriva- 
tives. In  each  case  these  compounds  differed  from  the  true 
1-mercaptobenzothiazole  by  a  single  atom  or  grouping,  the 
remaining  part  of  the  molecular  structure  being  identical. 
All  these  substances  have  been  previously  described,  but  the 
details  of  their  preparation  are  incomplete. 

l-Hydroxybenzothiazole,^°    CgH/      ^COH,    was  prepared 

'  This  method  was  suggested  by  W.  J.   Kelly   of  the   Goodyear  Tire 
&  Rubber  Company. 

•  Science.  66,  55  (1922). 

•  Cazz.  chim.  ttal..  62,  29  (1922). 

i»  Ber.,  12,  1126  (1879);  13,  9  (1880). 
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bv  the  hydrolysis  of  1-chlorobenzotliiazole,  according  to  the 
method  described  by  Hofmann.'"  Long  heating  of  the  free 
1-chlorobenzothiazole  does  not  accomplish  the  hydrolysis. 
However,  if  the  hydrogen  chloride  addition  product  of  1- 
chlorobenzothiazole  is  heated  -n-ith  alcohol  for  40  hours,  the 
hydrolysis  is  almost  complete.     The  solution  was  rendered 
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strongly  acid  and  precipitated  by  dilution  with  water.  After 
two  reerystaUizations  from  75  per  cent  alcohol  1-hydroxy- 
benzothiazole  was  obtained  as  white  needles  melting  at  136° 
C.  This  is  the  same  melting  point  as  given  by  Hofmann. 
The  hydrolysis  of  the  hydrochloride  may  be  accomplished  in  a 
much  shorter  time  by  heating  wath  alcohol  under  pressure. 


1-Amidobemothiazole,    CeHi^ 


^C— NH2,    was    first    pre- 


pared by  Hofmann"  by  the  action  of  alcoholic  ammonia  on 
1-chlorobenzothiazole  at  160°  C.  In  this  laboratory  the 
method,  as  described,  always  jnelds  the  product  in  the  form  of 
a  noncrystallizable  sirup.  Excellent  results  were  obtained  by 
the  following  method : 

Fifteen  grams  of  the  1-chlorobenzothiazole  together  with  45  cc. 
of  satiu'ated  alcoholic  ammonia  and  15  cc.  of  aqueous  ammonia 
were  sealed  in  a  tube  and  heated  at  200°  C.  for  4  hours.  On 
opening  the  tube  the  contents  were  mixed  with  50  per  cent  alco- 
hol, strongly  cooled  in  an  ice  bath  and  diluted  very  slowly  with 
water  to  1  liter.  After  standing  in  an  ice  box  for  12  hours  1- 
amidobenzothiazole  was  deposited  as  fine  white  needles,  with 
only  a  trace  of  the  sirupy  impurity.  The  yield  was  10  grams. 
This  product  after  recrjstallization  from  benzene  melted  at  127° 
C,  compared  with  129°  C.  recorded  by  Hofmann. 

1-MercaptobemoxazoIe,    CsHjC      ^CSH,  was  prepared  by 

refluxing  an  alcoholic  solution  of  o-aminophenol  with  carbon 
disulfide  according  to  the  method  of  Diinner.'-  After  the  pre- 
liminary pmification  by  precipitating  from  sodium  carbonate 
solution,  and  recrystaUization  from  water,  the  product  melted 
at  193°  C,  the  same  as  recorded  by  Dunner. 

CH2— S\ 

1  ^CSH,    was    prepared    for 

CH2— n/ 


H-Mercaptothiazolcn, 


the  purpose  of  comparison  with  1-mercaptobenzothiazole  to 
determine  the  effect  of  the  aromatic  nucleus  upon  the  ac- 
celerating power  of  the  mercaptothiazoles.  The  compound 
was  first  described  by  Gabriel"  who  prepared  it  by  the  action 
of  ^-bromoethylamine  hydrochloride  and  carbon  disulfide  in 
alkaUne  solution.     Some  difficultj^  was  experienced  in  the 

1'  Ber.,  IS,  11  (1880). 

n  Ibid.,  i,  465  (1876);  IS,  1825  (1883). 

"Ibid..  SI,  566  (18SS);  22,  1137,  1152  (1889). 


Lsolation  of  both  the  hj-drobromide  and  its  reaction  product 
with  carbon  disidfide,  but  a  sufficient  quantity  was  finally 
obtained  to  determine  its  relative  value  as  an  accelerator. 

Results  OF  Compounding  Tests 

All  the  compounds  listed  above  were  tested  to  ascertain 
their  relative  value  as  accelerators  of  ^^canization.  The 
following  experimental  formula  was  used : 

100  .00  parts  of  rubber  (smoked  sheet) 
5  .00  parts  of  zinc  oxide 
3  .  50  parts  of  sulfur 

1 ,00  part  of  1-mercaptobenzothiazole  or  a  molecular  equiva- 
lent of  its  derivative  or  analog 

^^'ith  a  few  exceptions,  each  of  these  compounds  produced 
very  rapid  curing  in  the  formula  given. 

Since  many  of  these  substances  are  rapid  and  powerful 
accelerators,  shght  variations  in  the  milling  and  curing  may 
produce  differences  of  some  magnitude  in  the  tensile-time 
diagrams.  For  this  reason  the  conditions  of  milling  and  cur- 
ing were  standardized  as  follows : 

The  stocks  were  all  mixed  in  1-kg.  batches  on  a  small  experi- 
mental mill.  After  milling  for  20  minutes  to  break  down  the 
rubber,  the  zinc  oxide  and  accelerator  were  added  and  mixed 
thoroughly  into  the  stock  for  10  minutes.  The  stock  was  then 
cooled  to  the  lowest  workable  temperature  and  the  sulfur  added. 
After  5  minutes  further  mi.ving  it  was  removed  from  the  mill. 
All  samples  were  milled  as  nearly  as  possible  as  described  above. 

The  curing  was  conducted  in  a  steam  platen  press  in  which  the 
temperature  was  controlled  as  closely  as  possible.  All  cures 
were  made  in  the  same  set  of  molds,  which  had  been  preheated 
before  use  by  allowing  them  to  remain  for  at  least  30  minutes  in 
the  press  at  the  required  temperature.  All  the  cures  were  made 
using  the  same  decks  of  the  same  press.  The  vulcanized  sheets 
after  being  removed  from  the  molds  were  plunged  into  a  tank  of 
cold  water  to  stop  v-ulcanization. 

The  physical  data  given  in  the  foUowing  tables  were  ob- 
tained by  two  observers  on  a  Scott  testing  machine  using 
dumb-bell  test  pieces.  The  average  of  two  or  more  closely 
agreeing  strips  is  given  for  each  cure. 

The  results  of  the  phj-sical  tests  on  the  cures  made  with  1- 
mercaptobenzothiazole,  its  alkyl  and  alkyloxj'  derivatives, 
are  recorded  in  Table  I,  and  are  represented  graphically  in 
Figs.  1  and  2.     In  comparing  the  relative  activity  of  these 
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compounds,  the  \\Titers  have  used  as  a  basis  of  comparison 
the  time  in  which  each  compound  was  judged  to  give  the  best 
technical  cure.  This  can  best  be  determined  by  subjecting 
the  stocks  themselves  to  certain  arbitrary  tests,  such  as  the 
effect  of  repeated  flexing  and  resistance  to  tear.  The  nature 
of  the  grain  as  indicated  by  the  appearance  of  the  tear  is  also 
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Table  I — Physicai,  Tests — Stocks  Cured  with  Mehcaptobenzothiazoi.es 
Time  of 


Accelerators 


1-Mercaptobenzothiazole 


l-Mercapto-3-mcthylbenzothiazole 


l-Mercapto-5-methylbenzothiazole 


l-Mercapto-5-ethoxybenzothiazole 


l-Mercapto-5-methoxybenzothiazole 


l-Mercapto-3-5-dimetbylbenzothiazoIe 


1-Mercaptobenzothiazole 


l-Mercapto-3-methyIbenzothiazole 


l-Mercapto-5-methylbenzothiazole 


l-Mercapto-5-etho.\ybenzothiazole 


l-Mercapto-S-methoxybenzothiazole 


l-Mercapto-3-5-dimethylbenzothiazole 


r  XO 


1 120 


I  120 


Tensile 

Energy  o 

100% 

200% 

300 

Vo  400% 

500%  600%  700% 

800%, 

Bk. 

Elong. 

Product 

Resilience   State  of  Cure 

40 

pounds  steam 

pressure  (141 

"  C.) 

2   5 

3 

4 

6 

7 

12 

21 

48 

92 

900 

82.8 

149.5 

Under 

4 

7 

10 

4       16 

24 

46 

105 

160 

174 

810 

141.0 

309 

Best 

5 

12 

13 

23 

33 

70 

140 

216 

780 

168.5 

370 

Slightly  over 

4.5 

8 

13 

20 

36 

75 

150 

206 

780 

161.0 

374 

Over 

5 

0 

12 

5       21 

34 

66 

125 

183 

770 

141.0 

318 

Over 

a 

9 

12 

19 

34 

55 

114 

158 

770 

121.7 

.  286 

Over 

5 

7 

12 

18 

26 

58 

124 

187 

187 

800 

149.6 

343 

Slightly  over 

7 

10 

17 

25 

43 

85 

167 

230 

780 

179.5 

330 

Slightly  over 

7 

11 

17 

24 

46 

84 

165 

233 

750 

17S.0 

371 

Over 

7 

11 

17 

24 

40 

83 

152 

224 

780 

175 

408 

Over 

6 

10 

14 

24 

39 

73 

154 

228 

750 

170 

338  5 

Over 

6 

10 

16 

24 

45 

83 

161 

222 

780 

173 

418 

Over 

5 

7 

12 

19 

30 

54 

112 

211 

800 

169 

344 

Over 

4 

5 

7 

12 

15 

27 

65 

122 

152 

860 

131 

278 

Under 

4 

6 

8 

12 

19 

36 

82 

151 

170 

830 

141 

290.6 

Slightly  under 

5 

fi 

11 

14 

24 

46 

100 

177 

185 

810 

150 

312.6 

Very  slightly  ov 

4 

7 

12 

17 

25 

46 

138 

204 

780 

139 

317 

Very  good  over 

5 

S 

12 

18 

30 

60 

127 

193 

780 

150.5 

320.5 

Over 

5 

7 

12 

18 

30 

66 

114 

is3 

197 

820 

161 

381.5 

Over 

4 

6 

S 

12 

17 

28 

58 

99 

128 

850 

109 

239 

Under 

4 

6 

11 

15 

24 

44 

95 

149 

157 

815 

128 

296 

Veryslightlyund 

4 

7 

14 

18 

31 

62 

124 

206 

206 

800 

165 

363 

Over 

5 

S 

12 

19 

31 

60 

123 

199 

199 

800 

159 

358 

Over 

5 

" 

12 

IS 

25 

47 

94 

166 

184 

823 

152 

333 

Over 

1 

3 

4 

5 

7 

12 

19 

36=i°  79 

975 

105 

179.6 

Under 

3 

4 

6 

7 

12 

18 

36 

66 

106 

900 

94.5 

204 

Under 

4 

5 

7 

10 

15 

24 

47 

90 

121 

860 

104 

220 

Under 

4 

6 

10 

12 

23 

42 

83 

144 

780 

1J2 

230 

Under 

3 

6 

9 

14 

20 

34 

69 

i32 

153 

860 

132 

306,5 

Fair 

4 

6 

10 

12 

22 

40 

78 

144 

150 

820 

123 

273 

Good 

3 

4 

6 

7 

11 

18 

32 

74 

118 

890 

105 

204 

Under 

5 

6 

11 

16 

23 

46 

108 

172 

182 

810 

143 

319 

Very  slightly  ovc 

4 

6 

11 

17 

25 

50 

120 

206 

206 

800 

165 

336 

Over 

5 

9 

14 

23 

39 

77 

142 

210 

780 

164 

379 

Over 

5 

10 

13 

21 

38 

77 

149 

2li 

211 

800 

169 

419 

Over 

5 

7 

12 

18 

30 

54 

113 

178 

202 

825 

167 

375.5 

Over 

6 

JO 

12 
pou 

19 
ds  sleam 

30 
pressu 

59 
e  (125 

108 

"  C.) 

190 

790 

150 

321 

Over 

1 

2 

3 

4 

5 

6 

8 

12 

13 

820 

10.7 

60 

Under 

4 

6 

10 

15 

21 

41 

78 

152 

184 

845 

155 

326.6 

Slightly  under 

5 

8 

14 

20 

31 

68 

135 

230 

230 

800 

184 

401 

Best 

5 

10 

16 

24 

44 

90 

174 

236 

760 

179 

399 

Over 

5 

10 

16 

25 

44 

92 

174 

232 

770 

178 

421 

Much  over 

5 

10 

17 

25 

46 

87 

173 

232 

770 

178 

417 

Much  over 

4 

8 

10 

16 

22 

41 

89 

168 

187 

830 

155 

318 

Slightly  under 

5 

10 

16 

24 

40 

75 

146 

248 

790 

196 

330 

Slightly  over 

6 

12 

19 

29 

50 

103 

205 

260 

750 

195 

437 

Over 

6 

11 

19 

31 

54 

110 

214 

252 

740 

187 

431 

Over 

6 

14 

20 

30 

50 

110 

216 

240 

730 

175 

406 

Much  over 

6 

14 

20 

30 

54 

110 

187 

240 

730 

175 

391 

Much  over 

3 

o 

8 

10 

15 

26 

47 

93 

140 

900 

126 

277 

Under 

6 

8 

10 

15 

25 

48 

99 

174 

174 

800 

139 

337 

Under 

5 

10 

16 

21 

33 

76 

144 

220 

790 

166 

397 

Good, slightly  ove 

5 

10 

15 

24 

38 

74 

150 

227 

790 

172 

410 

Over 

5 

10 

15 

25 

42 

76 

166 

213 

760 

162 

369 

Over 

3 

5 

8 

10 

15 

26 

50 

101 

140 

890 

125 

276 

Under 

5 

6 

10 

14   5 

21 

35 

75 

146 

182 

860 

157 

338 

Slightly  under 

5 

10 

12 

20 

31 

62 

135 

195 

770 

160 

323 

Best 

5 

10 

15 

22 

35 

71 

134 

218 

770 

168 

348 

Over 

5 

10 

15 

24 

41 

85 

162 

210 

780 

164 

401 

Over 

2 

3 

4 

5 

6 

10 

16 

25 

64 

980 

62.7 

139 

Very  much  unde 

3 

4 

5 

8 

12 

21 

40 

72 

116 

900 

105 

223 

Much  under 

5 

7 

10 

15 

21 

36 

78 

136 

142 

830 

118 

282 

Fair 

4 

6 

10 

16 

25 

46 

93 

165 

800 

132 

283 

Fair 

S 

9 

15 

20 

30 

54 

lOS 

168 

780 

131 

297 

Best 

2 

3 

4 

5 

7 

11 

IS 

34 

68 

940 

64 

136 

Under 

4 

S 

12 

17 

25 

66 

112 

185 

790 

146 

312 

Good,  slightly  un 

der 
Good, slightly  ovc 

6 

10 

15 

21 

36 

74 

153 

211 

765 

162 

476 

5 

10 

16 

26 

46 

102 

200 

225 

740 

167 

390 

Over 

5 

10 

18 

27 

48 

98 

185 

194 

720 

140 

336 

Much  over 

5 

10 

16 

26 

46 

92 

183 

199 

740 

147 

363 

Much  over 

taken  into  consideration.  The  results  of  such  tests  are  given 
for  each  cure  in  the  tables  in  the  column  "State  of  Cure." 
In  some  cases  the  cures  were  not  sufficiently  close  so  that,  for 
example,  a  5-minute  cure  might  be  .judged  by  means  of  these 
tests  to  be  undercured,  while  a  10-minute  cure  would  be  con- 
siderably overcured.  In  such  cases  the  writers  have  inter- 
polated for  the  time  of  best  technical  cure. 

The  relative  order  of  activity  of  these  compounds  as  ac- 
celerators cannot  well  be  determined  from  a  comparison  of 
the  maximum  tensiles  obtained,  since  the  test  sheet  which 
would  give  the  highest  tensOe  is  in  almost  all  cases  overcured 
from  a  practical  standpoint.  Any  attempt  to  classify  the 
compounds  on  the  basis  of  the  so-called  optimum  cure,  as 
given  by  either  the  maximum  tensile  product  or  the  energy  of 
resilience,  or  a  combination  of  these  factors,  would  be  sub- 
ject to  the  same  objection  as  given  above  for  the  classification 
in  order  of  maximum  tensile. 


If  it  is  desired  to  utilize  the  stress-strain  data  in  determining 
the  relative  activity  of  these  compounds,  they  can,  for  ex- 
ample, be  ranked  in  the  order  of  the  highest  tensile  stress  at 
700  per  cent  elongation  given  by  a  10-minute  cure  on  each 
compound  at  40  pounds  steam  pressure.  In  this  way  the  er- 
rors inherent  in  a  determination  of  the  maximum  tensile 
are  avoided.  If  such  a  classification  is  made  it  will  be  found 
that  the  compounds  arrange  themselves  in  exactly  the  same 
order  as  determined  by  the  best  technical  cure. 

The  writers  are  therefore  inclined  to  classif}'  the  various 
mercaptobenzothiazoles  according  to  the  time  necessary 
to  produce  the  best  cure  from  a  practical  standpoint  as  shown 
by  the  above  arbitrary  tests,  and  to  use  the  stress-strain  data 
as  a  measure  of  the  quality  of  the  stocks. 

It  is  realized  that  the  present  method  of  determining  the 
relative  activity  might  not  seem  satisfactory  to  all,  and 
for  this  reason  the  complete  data  for  the  physical  tests,  to- 
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gether  with  the  tensile  product  and  the  energy  of  resilience, 
have  been  included  in  the  tables. 

Since  only  one  formula  was  used  in  testing  all  these  acceler- 
ators and  because  in  some  cases  an  insufficient  nimiber  of 
cures  have  been  obtained,  it  is  obvious  that  the  results  herein 
presented  cannot  be  considered  as  representing  a  complete 
or  detailed  compounding  investigation.  They  are,  however, 
considered  satisfactory  from  the  standpoint  of  determining 
the  relative  activity  of  the  various  mercaptobenzothiazoles 
and  their  derivatives  as  accelerators. 

Fig.  1  shows  the  tests  made  on  cures  at  40  pounds  steam 
pressure,  while  Fig.  2  gives  the  same  data  for  cures  at  20 
pounds  steam  pressure.  The  relative  activity  of  the  1-mer- 
captobenzothiazoles  and  the  time  required  to  produce  the  best 
technical  cure  are  given  in  Table  II. 


Table  II — Order 


* — 40  Pounds  Pressure — s  > — 20  Pounds  Pressure — ^ 


Best  Tech-    Order  of     Best  Tech- 
nical Cure      Activity     nical  Cure 


Order  of 
Activity 


SuBST.tNCE 

1  -  Mercapto  -  3  -  methyl- 

benzothiazole 

1   -   Mercapto  -  3,5  -  di- 

methylbenzothiazole. .  . 
I-Mercaptobenzothiazole. 
1  -  Mercapto  -  5  -  methy!- 

benzothiazole 

1  -  Mercapto  -  5  -  ethoxy- 

benzothiazole 

1  -  Mercapto  -  5-methoxy- 

benzothiazole 


The  data  showing  the  relative  curing  power  of  1-mercap- 
to-4-methylbenzothiazole  are  not  given  in  Table  II.  A 
limited  supply  of  this  material  prevented  it  from  being  in- 
cluded when .  the  foregoing  tests  were  made.  It  had  pre- 
viously been  tested  in  a  different  formula.  Under  these  con- 
ditions its  activity  as  an  accelerator  was  found  to  lie  between 
the  5-methyl  and  3-methyl  derivatives,  being  very  close  to 
that  of  1-mercaptobenzothiazole. 

In  the  absence  of  zinc  oxide  the  1-mercaptobenzothiazoles 
are  without  appreciable  accelerating  action.     Compounded  in 


the  foregoing  formula,  except  that  the  zinc  oxide  was  omitted, 
l-mercaptobenzothiazole  cured  at  40  pounds  steam  pressure 
for  2  hours  gave  a  maximum  tensile  strength  of  96  kg.  per 
sq.  cm.  Curing  the  same  mi-xture  at  20  pounds  steam  pres- 
sure for  the  same  time  gave  a  maximum  tensile  strength  of 
50  kg.  per  sq.  cm.  These  substances,  therefore,  have  no  prac- 
tical value  as  accelerators  except  in  the  presence  of  zinc  or 
lead  oxides.  From  these  results  it  seems  probable  that  in  the 
process  of  vulcanization  the  mercaptobenzothiazoles  are  con- 
verted into  the  corresponding  zinc  salts,  these  salts  acting  as 
the  true  accelerating  agents.  To  test  this  assumption  the  zinc 
and  lead  salts  of  1-mercapto-,  l-mercapto-3-methyl,  and  1- 
mercapto-5-methylbenzothiazoles  were  tested  in  the  foregoing 
formula.  The  re.sults  are  shown  in  Tables  Ilia  and  III6  and 
the  tensQe-time  curves  in  Figs.  3  and  4. 

The  zinc  salt  of  the  5-methyl  derivative  is  sUghtly  faster 
in  its  curing  action  than  the  zinc  salt  of  the  free  1-mercapto- 
benzotliiazole  or  its  3-methyl  derivative.  The  last  two  are 
about  equal  in  cming  power.  On  the  other  hand,  the  lead 
salt  of  the  3-methyl  derivative  is  the  most  active  of  the 
three  lead  salts,  giving  good  cures  in  15  minutes  at  20  pounds 
steam  pressure.  The  two  remaining  lead  salts  are  about  equal 
in  activity  but  vary  in  the  tensile  strengths  produced. 

In  aU  cases  the  zinc  and  lead  salts  of  these  mercaptobenzo- 
thiazoles are  much  more  powerful  accelerators  than  the  corre- 
sponding free  compounds.  The  zinc  salt  is,  generally,  more 
powerful  than  the  corresponding  lead  salt.  These  metallic 
salts  must  also  be  used  with  additional  metallic  oxide  to  obtain 
their  maximum  accelerating  power. 

The  disulfides  of  the  several  mercaptobenzothiazoles  were 
also  tested  in  the  foregoing  formula,  and  were  found  to  be 
considerably  less  active  than  the  free  thiazoles. 

Two  conclusions  may  be  drawn  from  these  facts : 

1 — The  l-mercaptobenzothiazoles  when  used  as  accelerators 
first  form  the  metallic  salts  by  action  with  the  metallic  o.\ide 
present.     These  salts  are  the  active  accelerators. 

2 — The  salts  so  formed  tend  to  decompose  during  the  process 
of  vulcanization  and  an  excess  of  the  metallic  oxide  must  be  pres- 
ent to  reform  the  salts  and  thus  maintain  the  accelerating  action. 


T.\Bt.E  IIIo — Physical  Tests:   Stocks  Cured  with  the  Zinc  Salts  of  Mercaptobenzothiazole 
20  pounds  steam  pressure  (125°  C.) 


Accelekator 


l-Mercaptobenzothiazole 


l-Mercapto-3-niethylbenzothiazole 


l-Mercapto-5-methylbenzothiazole 


Accelerator 


1-MercaptobenzothiazoIe 


l-Mercapto-3-methylbenzotbtazole 


l-Mercapto-5-methylbenzothiazole 


Cure 

Tens 

le    Energy 

3f 

Min.    100%  200%  300%  400%  500%  600% 

700% 

800% 

Bk. 

Elong. 

Product  Resilienc 

e  State  of  Cure 

30 

8 

13 

20 

29 

52 

109 

202 

218 

720 

155 

374 

Over 

60 

8 

14 

22 

36 

64 

127 

221 

236 

715 

169 

415  8 

Over 

90 

9 

14 

23 

39 

67 

130 

219 

229 

715 

163 

425 

Over 

120 

9 

14 

23 

37 

64 

125 

206 

220 

720 

158 

417.6 

Over 

I    180 

8 

14 

21 

33 

55 

106 

188 

210 

720 

151 

370.8 

Over 

IS 

6 

10 

15 

39 

53 

104 

198 

223 

750 

167 

431 

Good 

30 

6 

11 

21 

38 

73 

141 

219 

238 

740 

167 

490  9 

Over 

■ 

60 

6 

12 

21 

36 

62 

120 

218 

238 

730 

174 

434.4 

Over 

120 

6 

12 

18 

32 

57 

108 

200 

226 

740 

167. 

5        418 

Over 

180 

6 

12 

19 

33 

57 

107 

190 

220 

740 

163 

493 

Over 

5 

S 

9 

13 

21 

37 

67 

133 

220 

253 

825 

204 

454 

Slichtly  under 

10 

5 

9 

13 

22 

40 

SO 

142 

260 

855 

222 

350.5 

Under 

30 

6 

10 

18 

26 

52 

102 

183 

268 

850 

228 

418 

Over 

60 

6 

12 

20 

30 

60 

114 

208 

274 

745 

204 

454 

Over 

120 

6 

13 

20 

34 

62 

114 

211 

260 

730 

190 

425 

Over 

180 

5 

10 

20 

32 

60 

104 

185 

238 

760 

181 

450.4 

Over 

VSIC.^ 

L  Tests 

Stocks  Cured  with  Nori 

lAL  Le 

AD  Salts  of  Merca 

ptoben 

ZOTHI. 

ZOLES 

20  pounds  steam  p 

essure  (725°  C.) 

Tim 

eof 

Cu 

e 

Tensil 

e  Energy  of 

Mi 

ti.  100% 

200%  300%  400%  500%   600%  700%  800% 

Bk.  Elong.  Product  Resilience 

State  of  Cure 

Ic 

7 

8 

12 

18 

30 

58 

108 

142 

760 

108 

232 

Good 

3C 

6 

11 

16 

25 

42 

78 

145 

181 

740 

134 

315.7 

Over 

6C 

7 

12 

18 

39 

46 

97 

165 

202 

710 

144 

319.8 

Over 

9C 

6 

11 

18 

39 

46 

86 

160 

206 

750 

155 

377.5 

Over 

12C 

6 

11 

17 

27 

24 

81 

141 

202 

760 

154 

339,4 

Over 

,    18C 

7 

10 

15 

25 

40 

70 

129 

183 

780 

143 

356 

Over 

f      1- 

5 

9 

16 

26 

45 

92 

162 

250 

260 

835 

217 

551 

Good 

3C 

5 

9 

17 

27 

46 

97 

175 

255 

752 

192 

400 

Over 

6C 

7 

11 

17 

28 

48 

102 

186 

248 

785 

193 

490.5 

Over 

12C 

6 

12 

19 

29 

50 

105 

190 

241 

745 

179 

413 

Over 

I    ISC 

6 

10 

20 

30 

54 

106 

186 

238 

767 

182 

461 

Over 

1      10 

3 

o 

7 

9 

10 

18 

36 

60  15-0  113 

960 

108. 

5       261,9 

Under 

5 

9 

14 

20 

25 

60 

120 

180 

790 

142 

328 

Good 

61 

5 

10 

16 

26 

41 

88 

164 

225 

760 

171 

384.7 

Over 

120 

5 

10 

15 

49 

92 

171 

226 

770 

169 

420 

Over 

I    ISO 

5 

10 

16 

35 

45 

79 

158 

220 

800 

716 

458 

Over 
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Tests  on  Compounds  Similar  to  1-Mercaptobenzo- 
thiazole 

/i-Mercaptothiazoline  {A),  1-mercaptobenzoxazole  (B), 
1-amidobenzothiazole  (C),  and  1-hydroxj-benzothiazole  (D) 
were  also  tested  for  their  accelerating  action.  Each  of  these 
compounds  resembles  .  1-mercaptobenzotliiazole  in  certain 
parts  of  its  structure.  The  results  of  these  tests  are  recorded 
in  Table  IV  and  showii  graphicallj*  in  Fig.  5. 


)CSH 
1-Mercaptobenzothiazole 


H2C— S\ 


(C) 


CNH2 


^COH 


CSH 


The  results  show  that  the  /j-mercaptothiazoline  exerts  a 
marked  accelerating  action,  but  much  less  than  that  of  1- 
mercaptobenzothiazole.  This  would  seem  to  indicate  that 
the  accelerating  power  is  invested  in  the  mercaptothiazole 
group.  When  the  sulfur  atom  of  the  thiazole  ring  is  replaced 
by  oxygen  as  in  1-mercaptobenzoxazole,  the  accelerating 
action  is  still  evident  but  much  lower  than  that  of  either  1- 
mercaptobenzothiazole  or  ;u-mercaptothiazoline. 


If  the  mercapto  group  is  replaced  by  an  amino  or  an  hy- 
droxyl  group,  as  in  1-amidobenzothiazole  or  1-hydro.xybenzo- 
thiazole,  respectively,  the  accelerating  action  is  very  greatly 
diminished;  indeed,  in  the  latter  substance  it  is  almost  entirely 
absent. 

The  conclusions  to  be  drawn  from  these  results  are  as  fol- 
lows: 

1 — The  accelerating  action  of  1-mercaptobeazothiazole  and  its 
derivatives  is  invested  primarily  in  the  mercaptothiazole  group. 
The  presence  of  the  benzene  nucleus  adds  markedly  to  the  ac- 
celerating value.  Whether  this  is  due  to  the  attendant  increase 
in  the  molecular  weight  or  more  directly  concerned  with  the 
chemical  characteristics  of  the  benzene  nucleus,  is  not  yet  deter- 
mined. 


2 — The   atomic   grouping, 


\ 


CSH,   is   directly    responsible 


_S^ 


for  the  accelerating  action.  Any  change  in  this  grouping  either 
greatly  diminishes  or  completely  destroys  the  accelerating  value. 
3 — The  mercapto  group  is  more  essential  to  the  acceleration 
than  the  sulfur  of  the  thiazole  ring,  although  both  are  necessary 
to  the  best  residts. 

Mechanism  of  Acceleration  by  Mercaptobenzothiazole 
Derivatives 

Several  theories  have  recently  been  advanced  to  explain 
the  vulcanization  of  rubber  by  organic  compounds  containing 
the  mercapto  group.  Bruni  and  Romani*  have  proposed  the 
following  mechanism  for  the  acceleration  of  vulcanization  by 
mercaptobenzotliiazoles : 


2R— SH  +  ZnO > 

.v(R— S)2Zn  -t-  S* 

R— S— S— R  — >■  R- 


(R— S)2Zn  +  H2O 
►  «R— S— S— R  -f-  x-ZnS 
-S— R  4-  S  {active) 


They  have  lately  extended  this  theory  to  many  other  well- 
known  accelerators,  such  as  thiocarbanHide  and  aldehyde 
ammonia.'''  It  is  chiefly  interesting  as  it  apphes  to  mercapto- 
benzothiazole derivatives.  The  disulfides  are  less  active 
accelerators  than  the  free  mercaptobenzothiazoles,  both  with 
and  without  the  presence  of  zinc  oxide.  In  the  absence  of 
zinc  oxide  both  types  of  derivatives  are  almost  without  ac- 
celerating power.  These  facts  seem  to  show  that  the  disulfide 
cannot  be  the  active  agent  in  this  type  of  acceleration.  The 
theory  is  therefore  inadequate  and  cannot  be  accepted. 

Bedford  and  Sebrell'^  have  proposed  a  theory  to  account 
for  the  action  of  mercapto  compounds  as  accelerators,  which 
may  be  stated  as  follows: 

2R— SH  -f  ZnO >■  (R— S)2Zn  +  H-O 

(R— S)!Zn  -f  S, >■  (R— SS^jiZn 

(R— SSx)2Zn  — >  (R— S)2Zn  ■+-  S  {active) 


Romani,  Caoutchouc  giitla-pcrcha,  19,  11626  (1922). 
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Table  IV — Physical  Tests;   Stocks  Cured  with  Analogs  of  Mbrcaptobenzothiazole 


Accelerator 

Min. 

100% 

200% 

'      10 

1 

2 

20 

3 

4.5 

M-Mercaptothiazoline 

30 
45 

2.5 
3.5 

5 
5 

60 

3.5 

5 

,    135 

4 

7.5 

'      30 

2 

2.5 

45 

2 

3 

1-Mercaptobenzoxazole 

60 
105 

2  5 
3 

4 
5 

I    150 

3.5 

5 

1-Amidobenzothiazole                         "1 

'      60 

2 

2.5 

90 
120 

1.5 
2.5 

2.5 
3.5 

^    180 

2.5 

4 

'      90 

0.5 

1 

1-Hydroxybenzothiazole 

120 
ISO 

1 
0.5 

2 

1.5 

L    180 

1.5 

2 

40  pounds  steam  pressure  {141°  C.) 


300%     400%    500%     600%    700%  800%     Bk. 


108 
109 
104 
138 


Elong. 
900 
895 
870 
845 
825 
785 
990 
995 
960 
910 
875 
870 
880 
825 
785 
620 
840 


Tensile    Energy  of 

Product  Resilience  State  oy  Cure 

59.4         68.5 


75.5 
77.5 
94.5 


197.5 

215 

207.9 

192.5 

239.7 

66.6 

117.8 

125.4 

205.8 

190.6 

69.5 

93.6 

111.4 

116.1 

10.9 

42.5 

54.2 

79.5 


Under 

Fair 

Fair 

Slightly  ( 

Over 

Under 

Under 

Under 


This  mechanism  affords  an  explanation  of  the  following 
facts: 

1 — The  metallic  salts  of  the  mercaptobenzothiazoles  are  faster 
curing  than  the  free  compounds. 

2 — Both  the  metallic  salts  and  the  free  compounds  are  faster 
curing  than  the  disulfides,  which  must  first  undergo  a  reduction 
to  the  mercaptans  before  functioning  as  accelerators. 

3 — All  mercaptobenzothiazoles  require  the  presence  of  zinc  or 
lead  oxides  for  the  development  of  full  accelerating  power. 

4 — The  metallic  salt  of  the  mercaptan  is  therefore  assumed  to 
be  the  active  agent.  Excess  metallic  oxide  must  be  present 
at  all  times  to  reform  the  salt  if  it  should  be  decomposed  by  the 
action  of  heat  or  hydrogen  sulfide.  Evidence  of  such  decomposi- 
tion is  to  be  found  in  the  low  curing  power  of  these  salts  in  the  ab- 
sence of  metallic  oxides,  and  their  superior  power  when  an  excess 
of  the  oxide  is  present.  - 

While  it  cannot  be  shown  that  sulfur  split  off  from  poly- 
sulfides  is  an  active  form,  it  has  been  proved  that  the  sulfur  in 
trithio-oxone  is  particularly  active,^  and  it  is  inferred  that  the 


sulfur  yielded  by  the  decomposition  of  the  polysulfides  is 
similarly  active. 

The  polysulfide  theory,  as  given  above,  appears  to  offer  the 
best  explanation  of  the  existing  facts.  Doubtless,  both  the 
mechanisms  given  above  function  in  specific  cases.  It  is  also 
probable  that  no  simple  explanation  of  activation  will  be  found 
which  is  equally  applicable  to  all  types  of  accelerators.  Fur- 
ther work  is  being  done  to  determine  the  validity  of  each  of 
the  reactions  involved  in  the  above  mechanisms. 
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Separation  of  Arsenic  and  Phosphorus  from  Vanadium' 

By  H.  A.  Doerner 
Rare  and  Precious  Metals  Experiment  Station,   U.  S.   Bureau  of  Mines,  Reno,  Nev. 


A  RSENIC  and  phosphorus  are  frequently  found  in 
■^*-  vanadium  ores,  especially  those  of  the  vanadate  type, 
such  as  vanadinite.  Since  vanadium  ores  and  intermediate 
products  containing  even  smaU  amounts  of  these  impurities 
are  not  salable,  tests  were  made  to  estabUsh  a  coiimiercially 
feasible  method  of  separation. 

It  was  found  that  vanadic  acid  could  be  precipitated  from 
an  acidified  vanadate  solution  containing  arsenic  and  phos- 
phorus. The  latter  remain  in  solution  and  the  precipitate 
may  be  washed  free  from  these  impurities.  Further,  a  vana- 
date ore  containing  arsenic  and  phosphorus  may  be  treated 
by  the  method  recommended  by  the  Bureau  of  Mines.-  The 
product  will  be  free  from  these  impurities. 

Experimental 

1 — Twenty-six  grams  of  vanadium  oxide,  0.85  gram  of 
arsenic  trioxide,  and  4.38  grams  of  sodium  ammonium  phos- 
phate were  dissolved  in  sodium  hydroxide  solution,  oxidized 
with  sodium  peroxide,  and  acidified  with  sulfuric  acid.  The 
solution  was  dUuted  to  a  volume  of  1  liter  and  sulfuric  acid 

'  Received  September  19,  1923.  Published  with  permission  of  the 
Director,  U.  S.  Bureau  of  Mines. 

2  "Metallurgical  Possibilities  of  the  Descloizite  Ores  at  Goodsprings, 
Nev.,"  Report  of  Investigations  2433. 


was  added  until  the  free  acid  was  0.05  normal  in  strength 
as  determined  by  titration  with  methyl  orange.  The  solu- 
tion was  boiled  with  live  steam  for  several  hours  and  allowed 
to  stand  hot  over  night.  The  vanadic  acid  precipitate  was 
filtered  and  thoroughly  washed.  It  contained  24.8  grams 
vanadium  pentoxide  (95.5  per  cent  recovery)  and  not  more 
than  a  trace  of  phosphorus  or  arsenic.  The  filtrate  contained 
1.17  grams  vanadium  pentoxide,  and  gave  a  lieavy  precipi- 
tate with  magnesia  mixture  which  contained  the  arsenic  and 
phosphorus. 

2 — Five  hundred  grams  of  a  vanadinite  concentrate  were 
fused  in  a  graphite  crucible  with  150  grams  of  sodium  car- 
bonate, 150  grams  of  caustic  soda,  and  10  grams  of  pow- 
dered charcoal.  The  ore  analyzed  10.24  per  cent  vanadium 
pentoxide,  53.55  per  cent  lead,  0.28  per  cent  arsenic,  and  0.27 
per  cent  phosphorus.  A  lead  button  of  255.0  grams  was  ob- 
tained. The  slag  was  extracted  with  hot  water  in  a  small 
pebble  mill,  filtered,  and  washed.  The  solution  was  treated 
exactly  as  described  in  the  first  experiment  except  the  volume 
was  2  liters  and  the  separation  was  completed  as  before. 
The  residue  from,  or  the  undissolved  part  of,  the  slag  weighed 
203  grams,  and  contained  0.27  vanadium  pentoxide,  and 
much  of  the  phosphorus.  The  net  recovery  of  vanadium 
pentoxide  was  97.2  per  cent  free  from  arsenic  or  phosphorus. 
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Poisson's  Ratio  and  Related  Properties  for  Compounded 

Rubber 


IN  THE  course  of  some 
studies  on  the  volume 
increase  of  compounded 
rubber  when  strained, 
which  studies  involved  the 
calculations  of  the  volume 
from  simultaneous  readings 
of  length,  width,  and  thick- 
ness, it  soon  became  ap- 
parent that  certain  stocks 
behave  decidedly  different 
than  others.  The  point  of 
dissimilarity  is  that  for  cer- 
tain stocks  the  ratio  of 
thickness  to  width  is  a  con- 
stant, while  for  others  it  decreases  as  the  strain  increases. 
This  evidence  of  anisotropy  requires  that  the  values  for 
Poisson's  ratio  in  the  two  directions  perpendicular  to  each 
other  must  be  unequal. 

Furthermore,  as  the  stresses  developed  perpendicular  to 
eacli  other  and  to  the  direction  of  elongation  must,  from 
considerations  of  the  sjanmetry  of  forces,  be  equal,  then 
the  fact  that  different  strains  are  produced  by  these  equal 
stresses  proves  that  there  is  a  dissimilarity  of  modulus  in 
the  two  directions. 

Since  the  various  stocks  studied  differ  from  each  other 
only  in  the  composition  of  the  filler  content,  it  is  evident 
that  the  exceptional  behavior  noted  is  a  function  of  some 
property  of  the  filler,  and  the  immediate  assumption  is  that 
the  shape  or  crj'stal  habit  of  the  particles  is  the  determining 
factor.  It  is  the  purpose  of  tlus  paper  to  show  the  effect  of 
particle  shape  on  the  physical  behavior  of  compounded  rubber 
with  special  reference  to  the  properties  of  Poisson's  ratio, 
volume  increase,  set,  and  the  stress-strain  relations. 

Historical 

Whitby-  gives  an  admirable  resume  and  critique  of  the  exist- 
ing data,  and  mentions  specifically  the  work  of  Schiller  in  which 
evidence  is  given  to  show  that  the  value  for  P  is  not  the  same 
in  different  directions. 

The  "dark  Para  rubber"  sheet  used  gave  values  of  0.53.5  and 
0.463  in  two  directions  perpendicular  to  each  other.  SchippeP 
calls  attention  to  the  fact  that  the  average  value  for  P  in  the 
case  of  a  highly  compounded  barytes  stock  at  the  breaking 
elongation  was  0.39.  This  low  value  was  due  to  the  large  increase 
of  volume  of  the  stock,  the  value  presumably  having  been  cal- 
culated from  density  measurements. 

The  other  published  data  are  concerned  chiefly  with  the  various 
methods  of  determining  P  experimentally,  the  proper  method 
of  calculation,  etc.,  pure  gum  stocks  having  been  used  almost 
exclusively. 

Experimental  Method 

Test  strips,  died  out  from  large  sheets,  were  mounted  in 
a  suitable  stretching  frame,  by  which  any  desired  elongation 
could  be  maintained.  The  width  and  thickness  were  meas- 
ured, with  an  accuracy  of  0.1  per  cent,  by  a  traveling  micro- 
scope and  a  gage.     It  was  found  necessary  to  adhere  closely 


By  W.  W.  Vogt  and  R.  D.  Evans 

The  Goodtear  Tire  &  Rubber  Co.,  Akkon,  Ohio 

The  structure  of  compounded  rubber,  the  mechanical  relations 
of  the  rubber  and  filler  phases,  and  the  effect  of  these  relations  upon 
the  physical  properties  of  the  compound,  furnish  the  rubber  tech- 
nologist with  a  most  fruitful  and  stimulating  field  for  speculative 
reasoning. 

The  authors  have  presented  new  data  which  indicate  that  the 
shape  of  the  filler  particles  has  an  effect  upon  the  properties  of 
Poisson's  ratio,  volume  increase  under  strain,  permanent  set,  and 
the  stress-strain  behavior  of  compounded  rubber. 

Explanations  of  the  cause  of  these  changes  are  advanced  for  the 
purpose  of  stimulating  thought  along  these  lines,  that  a  deeper  and 
clearer  conception  of  the  structure  of  compounded  rubber  may 
result. 


1  Presented  before  the  Division  of  Rubber  Chemistry  at  the 
Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn.. 
2  to  7,  1923. 

'  "Plantation  Rubber  and  the  Testing  of  Rubber,"  p.  486. 

'  This  Journal,  12,  33  (1920). 
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to  a  regular  time  schedule 
in  performing  the  several 
steps  of  manipulation  and 
observation  at  each  elon- 
gation. The  shape  of  the 
test  specimens  can  be  va- 
ried over  wide  limits  with- 
out affecting  the  results. 
The  ratio  of  thickness  to 
width  can  be  varied  from 
2.5  to  25  without  effect, 
provided  the  length  of  the 
specimens  is  about  twenty 
times  the  width.  These 
methods,  within  the  limit 
of  accuracy  specified,  were  entirely  satisfactory.  As  a  matter 
of  fact,  study  of  different  test  pieces  cut  from  the  same  sheet 
showed  that  they  differed  from  each  other  by  such  amounts 
that  any  higher  experimental  accuracy  would  be  nonsig- 
nificant. 

Calculation  of  Poisson's  Ratio 

This  property  is  defined  as  the  ratio  of  the  percentage  of 
lateral  shrinkage  of  a  rod  to  the  corresponding  percentage 
of  longitudinal  increase,  when  such  increase  is  infinitesimally 
small— that  is,  if  we  caD  L  the  longitudinal  and  S  the  lateral 
dimension, 

dS 

S_  ^  dS  L 
d_L       dh   S 
L 
A  graphical  method  of  determining  dS/dL  was  found  con- 
venient.    The  corresponding  reading  of  S  and  L  was  plotted 
and  a  smooth  curve  was  drawn.     The  value  of  the  tangent 
to  this  curve  at  each  desired  point  gave  directly  the  value 
of  dS/dL,  and  hence  that  of  P.     This  definition  of  P  is  to 
be  distinguished  carefully  from  that  involving  finite  changes 
of  S  and  L.     This  calculation  was  applied  separately  to  each 
of  the  two  lateral  dimensions,  hereafter  spoken  of  as  width 
and  thickness.     The  following  symbols  will  be  used  to  iden- 
tify the  various  values: 

P„    =  value  from  volumetric  measurements 
Pi    =  value  in  thickness  direction 
Pv,  =  value  in  width   direction 

It  is  also  possible  to  calculate  an  average  P,  from  the 
change  of  volume  measurements.  If  each  lateral  dimension 
is  considered  to  have  the  same  value  and  beha\dor,  the  ex- 
pression for  volume  becomes 


P  = 


Differentiating, 


V  =  L-S' 


dV  =  S\dL  -f  2SL.dS 


dV 
dL 


2SL  — 
^^^  dL 


-  -^    V  S  dL) 


which  becomes,  from  the  definition  of  P, 

dV 

jj   =  5^1  -  2P) 
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Hence, 

If,  further,  at  each  desired  elongation,  V,  L,  and  S  are 
measured  in  such  units  that  their  instantaneous  vakies  are 
each  unitv,  this  becomes 

'  =  '/.(.-S)i 

By  plotting  V  against  L,  this  average  P  can  be  computed, 
using  the  graphical  method  for  determining  dV/dL  mentioned 
above. 

The  values  of  P»  calculated  by  this  method  were  in  excel- 
lent agreement  with  the  arithmetical  average  of  Pt  and  P,. 
as  required  by  the  principles  of  mechanics. 

Experimental  Data 

The  results  show  that  the  common  compounding  ingre- 
dients may  be  di\'ided  into  two  classes — those  which  the 
writers  call  "anisotropic,"  wliich  cause  anisotropy  of  prop- 
erties in  the  stocks  in  which  they  are  compounded,  such  as 
graphite,  mica,  tripoli,  clay,  light  magnesium  carbonate, 
and,  strangely  enough,  glue.  The  other  class,  which  the 
writers  have  called  "isotropic  pigments,"  do  not  exhibit  these 
tendencies,  and  include  gas  black,  lampblack,  iron  oxide, 
zinc  oxide,  lithopone,  and  barj-tes. 

Thickness-Width  Ratio — The  first  criterion  which  was 
used  in  classing  the  pigments  was  called  the  thickness-width 
ratio.  If  the  reading  of  thickness  is  divided  by  the  corre- 
sponding reading  of  width  as  the  test  pieces  are  progressively 
strained,  the  values  obtained  constantly  decrease  for  the 
anisotropic  fillers,  and  remain  constant  for  the  isotropic 
class.  The  writers  have  recalculated  all  values  of  T/W  in 
such  a  manner  that  the  value  T/W  at  0  per  cent  elongation 
becomes  1.0. 

The  data  shown  in  Fig.  1  were  obtained  on  stocks  contain- 
ing 20  volumes  of  filler  per  100  volumes  of  rubber,  cured  to 
the  correct  technical  cure. 

The  stocks  were  milled  on  small  (6  X  12  inches)  rolls  in 
such  a  manner  as  to  "set  the  grain" — i.  e.,  align  the  pigment 
particles — were  allowed  to  age  1  hour  on  a  warming  table 
to  permit  readjustment  of  internal  strains  in  the  rubber 
phase,  and  then  24  hours  at  room  temperature,  after  which 
they  were  cured  in  molds,  using  enough  stock  to  give  a  perfect 
sheet  with  a  small  overflow  (5  per  cent).  Unless  otherwise 
noted,  all  test  pieces  were  died  out  in  the  direction  of  the  grain. 


Poisson's  R.^tio — The  T/W  ratio  is  a  criterion  which  is 
easily  obtained  experimentally  and  can  be  calculated  and 
interpreted  readily.  However,  Poisson's  ratio  is  a  recog- 
nized absolute  property,  and  was  therefore  specifically  cal- 
culated in  all  cases. 


In  considering  the  value  of  Poisson's  ratio,  the  following 
cases  must  be  considered: 

When  the  volume  of  the  rubber  under  strain  remains 
constant,  we  have  two  cases: 


(1)  P„  =  P,  =  0.5 

(2)  P„  does  not  equal  P,,  but 


Pu.   +    P, 


O.i 


When  the  volume  does  not  remain  constant  on  stretching, 
we  may  have 

(3)     P^  =  Pi<  0.5 


Fig. 


Case  I — All  isotropic  pigments  studied  fulfil  Case  1  at  low 
elongations  (25  per  cent),  because  the  volume  changes  are  prac- 
tically negligible.  Such  fillers  as  gas  black  and  zinc  oxide  fulfil 
the  conditions  up  to  elongations  of  200  per  cent,  there  being 
practically  no  increase  of  volume  at  this  elongation.  The  values 
for  P,  and  P„  are  both  0.5. 

Case  2 — The  values  for  P,  and  P„  for  some  typical  aniso- 
tropic pigments  at  25  per  cent  elongation  are  given  in  the  follow- 
ing table; 

Table  I 

Pt  +  P.. 

PiGMBNT  Pi  Pu.  2 

Magnesium  carbonate 0.72  0.30  0.51 

Clay 0.69  0.32  0.505 

Tripoli 0.61  0.39  0.50 

Special  barytes 0.S7  0.42  0.50 

Case  J — This  case  is  illustrated  by  barytes,  lithopone,  and 
other  isotropic  pigments  at  high  elongations,  say  300  per  cent, 
where  there  is  a  considerable  increase  in  volume. 

Case  4 — This  is  illustrated  very  neatly  by  tripoli,  an  aniso- 
tropic filler  which  gives  large  volume  increases  at  high  elonga- 
tions. This  behavior  is  represented  graphically  in  Fig.  2.  The 
volume  increase  curve  is  also  given. 

It  will  be  readily  appreciated  that  for  low  elongations  the 
graph  shows  the  behavior  as  given  under  Case  2,  while  for 
the  higher  elongations  the  conditions  fulfil  Case  4. 

Stress-Strain  Relations  in  Different  Directions — 
As  had  been  stated  above,  stocks  compounded  with  aniso- 
tropic pigments  should  give  different  stress-strain  relations 
in  different  directions.  Therefore,  a  stock  containing  20 
volumes  of  clay  per  100  volumes  of  rubber  was  so  prepared 
that  stress-strain  curves  might  be  obtained,  the  tests  being 
taken  wth  the  grain,  across  the  grain,  and  vertical  to  the 
grain  (perpendicular  to  the  plane  of  the  calender).  The 
preparation  of  the  last-mentioned  test  piece  is  rather  difficult. 
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the  alignment  of  filler  particles  probably  being  quite  badly 
disarranged  during  the  process.  However,  the  tests  were 
obtained,  particular  care  being  exercised  to  secure  identical 
curing  conditions.  The  results  are  showii  graphically  in 
Fig.  3. 

Additional  properties  of  these  three  stocks  were  deter- 
mined as  follows: 

Table  II 

Volume  Increase    r/Trat250%    Permanent 

at  250%  Elonsation  Set 

%  %  % 

.     4.4  0.76  44 

.5.5  0.69  36 

-.8.1  0 . 74  30 


With  grain.  . 
.\cross  grain. 
Vertical  to  gr 


Permanent  Set 


Values  for  permanent  set  for  stocks  compounded  with 
20  volumes  of  filler  per  100  volumes  of  rubber  are  given  in 
the  following  table: 


Perm 

vNENT  Set 

Pigment 

(y 

Magnesium 

carbonate 

52 

Clay 

44 

Anisotropic  Fillers       ^ 

Special  barytes 

32 

Tripoli 

29 

Gas  black 

33 

Zinc  oxide 

23 

Red  oxide 

22 

Isotropic  Fillers 

Lithopone 

Whiting 

Barytes 

20 
IS 

14 

A  comparison  of  the  properties  of  ordinary  and  the  special 
barytes  brings  out  strikingly  that  particle  shape,  rather 
than  such  factors  as  degi'ee  of  fineness,  surface  activity, 
selective  wetting,  or  adsorption,  is  the  fundamental  cause 
of  these  abnormal  properties.  The  special  barji.es  was 
made  by  such  a  process  that  it  consists  almost  entirely  of 
long,  flat  plates  and  needles,  whereas  the  regular  barytes 
was  the  commercial  gromid  product,  consisting  of  liroken 
fragments  of  no  regular  geometric  shape.  The  samples 
were  closely  alike  as  regards  average  particle  size  and  were 
compounded  on  the  basis  of  20  volumes  of  pigment  per  100 
volumes  of  rubber.  The  values  for  T/W  ratio,  Poisson's 
ratio,  and  permanent  set  are  given  below. 


Perma- 
nent Set 
% 


Table  IV 

T/W  Ratio 
at  200%  C 

Elongation         P,  P„ 

Regular  barytes 1.00  0.50  0.50         0.50  14 

Special  barytes 0.86  0.57  0.42         0.50  32 

The  stress-strain  relationships  (taken  with  the  grain  at 
the  correct  technical  cure)  furnish  additional  e\-idence  of 
differences  between  the  isotropic  and  anisotropic  fillers. 

Table  V 

Tensile      Elongation 
100%         300%         500%  Kg./Sq.  Cm.        % 

Regular  barytes 7  17  42  132  700 

Special  barytes 18  42  91  160  640 

The  four  properties  mentioned  above  are  dependent  to  a 
greater  or  less  degree  upon  crystal  habit,  but  it  is  believed 
that  Poisson's  ratio  and  the  T/W  ratio  are  almost  wholly 
dependent  on  this  characteristic. 

Lamin.^tion  Effects  of  the  Cured  Stock 

The  ability  to  separate  the  cured  sheet  into  layers  in  the 
same  manner  as  a  sheet  of  mica  may  be  split  is  another 
criterion  which  may  be  used  to  demonstrate  aiiisotropy.  The 
pigments  that  give  stocks  which  laminate  are  mica,  graphite, 
clay,  magnesium  carbonate,  tripoli,  and  the  special  barj'tes. 
Here  again  the  differences  between  the  special  and  regular 
barytes  are  especially  striking.  It  will  be  recognized  that 
these  fillers  are  without  exception  classed  as  anisotropic  by 
other  methods. 


Veils 

The  familiar  silky  appearance  of  the  precipitate  whicfr 
forms  on  adding  mercuric  cliloride  to  a  solution  of  stannous 
chloride,  or  that  due  to  a  suspension  of  bismuth  subnitrate 
or  vanadium  pentoxide  in  water,  has  been  directly  proved 
to  be  caused  by  the  needle  or  tabular  shape  of  the  solid 
particles,  and  Freundlich''  has  developed  a  method  for  de- 
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termining  crystal  habit  based  upon  the  changes  in  the  strength 
of  the  TjTidall  beam,  depending  upon  the  plane  of  observa- 
tion with  respect  to  the  aUgument  of  the  particles.  The 
presence  of  this  "veil"  (German  word  is  "SchHerenbildung," 
meaning  veil  formation)  is  a  qualitative  test  for  anisotropy 
of  shape. 

If  a  dilute  suspension  of  the  pigment  is  made  in  water, 
preferably  with  gum  arable  as  a  protecti\-e  colloid,  agitation 
of  the  suspension  will  reveal  the  presence  of  veUs  only  in  the 
case  of  anisotropic  pigments.  Mica  furnishes  a  \'erjf  ex- 
cellent example  of  this  effect.  The  size  of  the  particles  of 
pigment  will  probably  have  some  influence  upon  the  phe- 
nomenon, so  it  would  not  be  absolutely  proved  that  a  pigment 
which  does  not  show  the  effect  is  isotropic.  Howexer,  all 
the  pigments  which  by  other  means  have  been  classed  as 
anisotropic  give  veils,  whereas  none  of  the  isotropic  pigments 
give  the  effect. 

The  differences  between  the  special  and  regular  barytes, 
which  have  been  noted  by  the  other  methods,  are  strikingly 
revealed  by  this  test. 

Discussion  of  Results 

The  experimental  results  given  above  were  obtained  on 
stocks  which  were  so  prepared  as  to  suppress  the  grain  effects 
due  to  the  rubber  phase  and  to  accentuate  the  effects  due 
to  the  filler  phase  so  far  as  this  is  possible.  With  this  point 
clearly  in  mind,  the  evidence  is  positive  that  the  shape  of 
the  filler  is  a  major  contributing  cause  of  the  changes  in  the 
properties  of  the  stocks.  The  questions  to  be  answered 
therefore  are: 

1 — What  shape  is  necessary  to  explain  these  effects? 
2 — What  is  the  mechanism  of  the  action  by  which  these  effects 
are  produced? 

In  view  of  the  known  facts  that  the  particle  shape  of 
mica,  graphite,  special  bariJles  is  tablets  or  placques,  and 
that  tripoli  contains  a  large  percentage  of  tabular  diatoms, 
the  ■^Titers  are  justified  in  saj'ing  that  any  shape  wherein 

<  Physik.  Z.,  17,    117   (1916). 
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any  two  dimensions  are  considerably  greater  than  the  third 
will  explain  the  effects  observed. 

In  answer  to  the  second  question  as  to  the  mechanism, 
the  following  reasoning  is  advanced  in  explanation  of  the 
facts.    The  follo\\ing  conditions  are  postulated: 

1 — There  is  a  union  between  the  partides  of  filler  and  the 
rubber,  which  bond  may  be  chemical  union,  physical  adsorp- 
tion, surface  friction,  or  mechanical  interlocking.  An  estima- 
tion of  the  magnitude  of  these  forces  is  unnecessary. 

2 — The  particles  of  filler  are  uniformly  distributed  throughout 
the  rubber,  this  uniform  distribution  thereby  necessitating  that 
on  the  average  the  centers  of  mass  of  the  particles  be  approxi- 
mately equidistant. 

3 — In  the  normal  milling  or  calendering  operations,  the  par- 
ticles of  an  anisotropic  pigment  tend  to  align  themselvea  with 
their  longest  axis  in  the  direction  of  the  calender,  and  with  their 
least  dimension  perpendicular  to  the  plane  of  the  calender. 

With  these  conditions  in  mind  it  will  be  obvious  that  in 
the  direction  of  the  calender  grain  the  edges  of  the  crystals 
wiU  be  closer  together  than  in  the  direction  at  right  angles 
to  the  direction  of  the  calender,  which  in  turn  vrSl  be  closer 
than  those  in  the  direction  perpendicular  to  the  plane  of  the 
calender.  In  other  words,  in  a  given  linear  distance,  the 
sum  of  the  lengths  of  the  filler  particles  wiU  be  greatest 
-n-ith  the  grain,  intermediate  across  the  grain,  and  least 
vertical  to  the  grain.  Conversely,  the  amount  of  rubber 
phase  between  the  filler  particles  wiU  be  least,  intermediate, 
and  greatest  ■^\-ith  the  grain,  across  the  grain,  and  vertical  to 
the  grain,  respectively. 

Consequently,  to  effect  a  given  elongation  in  any  direction, 
inasmuch  as  the  pigment  phase  does  not  elongate,  the  rubber 
must  be  stretched  to  such  a  point  as  will  give  the  total  elonga- 
tion desired.  It  is  therefore  e\ident  that  the  lesser  amount 
of  rubber  ^iU  have  to  be  elongated  to  a  greater  proportion 
of  its  ultimate  elongation.  This  means  that  a  higher  stress 
must  be  imposed.  This,  then,  is  the  reason  why  a  stock 
compotmded  \nth  an  anisotropic  filler  has  a  stiffer  stress- 
strain  curve  with  the  grain.  The  stress-strain  across  the 
grain  may  be  equal  to  or  softer  than  the  "with  grain"  curve 
(depending  on  the  ratio  of  the  length  to  width  dimensions 
of  the  particular  filler),  but  both  will  be  stiffer  than  the 
"vertical  to  grain"  ciu-ve. 

Referring  to  the  values  of  permanent  set  given  in  Table 
III,  it  is  found  that,  ii\ithin  each  class  of  pigments,  the  per- 
manent set  is  greater  the  smaller  the  particle  size.  That  is, 
permanent  set  increases  with  increase  of  filler  surface,  and 
this  fact  lends  weight  to  the  argument  that  permanent  set 
is  in  part  due  to  a  dislodgment  of  rubber  and  pigment  surfaces, 
which,  ha\'ing  been  cured  up  in  contact  with  each  other,  on 
removal  of  the  stretching  force  experience  frictional  difficulty 
or  even  definite  obstruction  in  becoming  readjusted  to  their 
original  condition  of  fit.  Since  anisotropic  particles  have 
more  surface  per  unit  volume  than  isotropic  particles  of  the 
same  average  bulk,  for  this  reason  alone  they  might  be 
expected  to  show  greater  permanent  set. 

Furthermore,  for  anisotropic  pigments  the  greatest  amount 
of  rubber-pigment  interface  wOl  be  involved  in  tliis  dis- 
location under  strain  when  that  strain  is  parallel  to  the 
longest  dimension  of  the  pigment — that  is,  with  the  grain — 
intermediate  in  value  when  the  strain  is  across  the  grain, 
and  least  when  the  strain  is  vertical  to  the  grain.  Hence, 
we  should  ex-pect  the  permanent  set  for  the  stocks  referred 
to  in  Table  II  to  be  greatest  for  the  "^ith  grain"  stock, 
intermediate  for  the  "across  grain"  stock,  and  least  for  the 
"vertical  to  grain"  stock.  Permanent-set  measurements 
on  these  three  stocks  gave,  respectively,  44,  36,  and  .30  per 
cent. 

Mention  is  made  above  of  the  volume  increases  which 
occur  when  the  stock  is  subjected  to  strain  in  the  three 


different  directions.  Schippel  has  shown  that  the  per  cent 
increase  in  volume  is  largely  a  direct  function  of  the  area  of 
the  particle  in  a  plane  normal  to  the  strain  lines.  The  areas 
so  defined  and  therefore  the  values  of  volume  increase,  in  the 
case  of  these  clay  stocks,  ■will  be  least,  intermediate,  and 
greatest,  for  strains  in  a  direction  ^ith  the  grain,  across  the 
grain,  and  vertical  to  the  grain,  respectively.  The  values 
found  were  4.4,  5.5,  and  8.1  per  cent. 

The  T/W  ratios  obtained  when  the  direction  of  .strain 
is  always  parallel  to  the  length  of  the  test  piece,  but  where 
the  length  of  the  test  piece  itself  Ls  with  the  grain,  across  the 
grain  or  vertical  to  the  grain,  furnish  a  fascinating  subject 
for  speculative  analysis. 

By  an  extension  of  the  reasoning  used  in  developing  the 
explanation  for  the  difference  in  stress-strain  beha\ior,  in 
a  qualitative  way,  at  least,  the  causes  for  the  variation  in 
T/W  ratios  in  different  directions  can  be  explained. 

Thus,  when  a  strain  is  imposed  parallel  to  the  grain,  con- 
siderations of  s\Tnmetry  requne  that  the  contractive  stresses 
in  the  two  lateral  directions  must  be  equal.  Since,  however, 
as  has  been  outUned  above,  the  percentages  of  rubber  phase 
in  a  given  linear  distance  are  unequal  in  the  -n-idthwise  and 
thickwise  dimensions,  the  imposition  of  equal  stresses  wiU 
cause  equal  strains  to  be  set  up  in  the  rubber  phase  but  un- 
equal total  contractions  of  the  material  as  a  whole,  since  the 
pigment  phase  is  rigid. 

The  exact  quantitative  differences  in  the  T/W  ratio  in 
different  directions  depend  on  relative  magnitudes  of  the 
average  ratios  of  each  pair  of  dimensions  of  the  pigment 
particles,  assuming  that  the  particles  are  perfectly  uniform 
in  shape,  size,  distribution,  and  orientation,  a  condition  which 
is  weU-nigh  experimentally  impossible. 

The  T/W  ratios  given  in  Table  IV  are  explainable  on 
the  basis  that  the  length,  width,  and  thickness  dimensions 
of  the  typical  clay  particle  are  approximately  as  5  : 2  : 1. 

The  exjalanation  of  the  lamination  effects  observed  'with 
tj-pical  anisotropic  fillers  probably  is  that  the  bond  between 
the  filler  surface  and  the  rubber  is  less  than  the  tensile  of  the 
rubber  itself.  Therefore,  instead  of  the  rubber  tearing  within 
itself  in  a  haphazard,  irregular  direction,  it  separates  from 
the  broad  faces  of  the  filler  particles.  The  line  of  cleavage 
is  thus  defined  by  the  aUgnment  of  the  filler  particles  and 
lamination  ensues. 

These  explanations  of  the  experimental  facts  justify  the 
hypothesis  advanced  and  may  possibly  give  a  clearer  con- 
ception of  the  structure  of  compounded  rubber  and  of  the 
effect  of  the  filler  phase  upon  some  of  the  properties  of  this 
material  with  particular  reference  to  its  anisotropy. 


iVI.  Carey  Lea — Chemist 

America's  contributions  to  chemistry  have  been  the  theme  of 
years  of  study  by  Edgar  F.  Smith,  and  through  the  publication 
of  these  studies  he  has  done  more  than  any  other  one  man  to 
put  the  facts  of  these  discoveries  and  discoverers  before  American 
chemists.  The  latest  work  from  his  kindly  pen  is  entitled 
"M.  Carey  Lea^ — Chemist." 

Lea  (1823-1897)  was  a  student  under  J.  C.  Booth  in  his  famous 
teaching  laboratorj',  after  having  studied  law  and  ha\4ng  been 
admitted  to  the  bar.  His  studies  after  lea\nng  Dr.  Booth's 
laboratory-  were  largely  carried  out  in  his  private  laboraton,- 
in  his  home  in  Philadelphia.  His  most  important  investigations 
dealt  with  picric  acid  and  the  picrates,  the  Pennsylvania  coal 
seams,  the  metals  of  the  platinum  group,  and  photography. 
His  work  on  photography  was  decidedly  his  most  important 
contribution  to  knowledge.  His  only  book,  "Photography," 
went  through  two  editions  and  was  extremely  popular  with  the 
devotees  of  this  new  art  at  the  time.  Lea  was  a  recluse  and  was 
known  personally  to  few  of  his  contemporaries.  His  work  was 
published  in  the  American  Journal  of  Science  from  1858  to  1897, 
and  Chemical  News,  1862,  contains  four  contributions  from  his 
laboratory. 

The  present  story  of  his  life  is  published  privately  by  the 
author  in  a  12-page  pamphlet  with  an  engTa\Tng  of  the  subject. 
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Selenium  in  Rubber  Compounding' 

By  Ira  Williams 
Firestone  Tire  &  Rubber  Co.,  Akron,   Ohio 


IT  IS  to  be  expected  from 
the  chemical  analogy 
between  oxygen,  sulfur, 
selenium,  and  tellurium, 
that  any  of  these  would 
produce  vulcanization  in  a 
rubber  compound.  Proba- 
bly the  most  important  of 
these,  other  than  sulfur,  is 
selenium,  and  it  has  been 
shown  by  Boggs-  that  sele- 
nium may  be  used  as  a  \'nl- 
canizing  agent.  It  is  possi- 
ble that  the  effectiveness 
of  these  materials  in  the 
vulcanization    process   will 

depend  somewhat  on  the  effective  concentration  of  the 
jnaterial  in  the  rubber.  While  sulfur  is  quite  soluble  in  rubber, 
tellurium  is  insoluble.  The  best  figures  which  have  been 
obtained  in  the  present  work  place  the  solubility  of  selenium 
at  less  than  0.05  per  cent  at  80°  C.  Oxygen  is  somewhat 
more  soluble,  and  it  is  knowai  that  cures  may  be  obtained 
liy  means  of  oxygen  without  the  presence  of  sulfur.  In 
the  case  of  sulfur  the  effective  concentration  may  be  very 
jnuch  increased  at  temperatures  above  its  melting  point,  but 
in  the  case  of  both  selenium  and  tellurium  it  is  impossible  to 
reach  their  melting  points  (217°  and  451°  C,  respectiveljO 
without  producing  decomposition  in  the  rubber.  If  the 
effectiveness  of  these  elements  in  producing  vulcanization 
of  rubber  is  judged  by  the  possible  molar  concentration,  the 
elements  would  then  be  placed  in  the  order — sulfur,  oxygen, 
selenium,  tellurium.  This  order  might  be  affected  if  a  higher 
concentration  could  be  produced  by  such  means  as  intro- 
ducing the  element  m  an  adsorbed  condition  or  in  a  finer  state 
of  division. 

Sulfur  and  selenium  are  miscible  in  the  fused  state  in  all 
proportions,  and  form  a  eutectic  mixture  which  melts  at  106°  C. 
and  contains  40  atomic  per  cent  of  sulfur.  Mixtures  of 
tills  kind  crj'stallize  very  slowly,  and  immediately  after  fusion 
may  be  milled  into  rubber  to  form  a  master  batch  which  will 
keep  for  an  indefinite  period.  In  this  manner  mixtures  of  sul- 
fur and  selenium  containing  as  high  as  70  per  cent  of  selenium 
may  be  prepared  and  held  in  rubber  for  use  in  compounding. 
While  selenium  may  be  used  without  first  fusing  with  sulfur, 
the  equilibrium  of  the  system  will  be  reached  quite  slowly, 
especially  at  low  temperatures,  and  the  same  distribution  of 
selenium  cannot  be  obtained. 

Color  in  Selenium  Stocks 

The  colors  obtained  by  introducing  a  fused  mixture  of 
sulfur  and  selenium  into  rubber  are  produced  by  the  dis- 
tribution of  sulfur  between  the  rubber  and  selenium.  In 
this  manner  colloidal  selenium  is  formed.  The  uncured 
stock  varies  from  a  bright  yellow,  when  little  selenium  is 
present  in  a  very  fine  colloidal  state,  to  a  deep  orange  color 
when  more  selenium  is  used.  Upon  curing,  the  size  of  the 
colloidal  particle  slowly  increases  and  the  color  changes  from 

^  Presented  before  the  Division  of  Rubber  Chemistry  at  the  65th 
Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2  to  7, 
1923. 
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Selenium  may  be  introduced  into  rubber  by  the  addition  of  J  used 
mixtures  of  sulfur  and  selenium.  The  color  produced  changes 
from  yellow  to  red  as  the  size  of  the  particles  of  selenium  increases. 

The  crystallization  of  sulfur  in  rubber  may  be  induced  with 
selenium  because  selenium  is  isomorphous  With  monoclinic  sulfur. 
In  this  way  melastabte  solutions  of  sulfur  are  prevented  and  the 
initial  rapid  bloom  of  uncured  stocks  may  be  eliminated. 

Selenium  exerts  a  distinct  accelerating  action  upon  rubber- 
sulfur  mixtures,  while  the  actual  amount  of  combination  with 
selenium  is  small. 

.Selenium  alone  will  produce  some  cure  in  rubber  in  the  presence 
of  an  organic  accelerator. 

The  acetone  extract  of  resin  from  the  rubber  is  apparently  re- 
duced when  vulcanization  is  carried  out  in  the  presence  of  selenium. 


yellow  through  orange, 
deep  red,  brown,  and  finally 
to  the  natural  color  of  cured 
rul.iber.  By  regulating  the 
time  of  cure  and  the  amount 
of  selenium,  any  of  these 
colors  may  be  produced  in 
the  finished  stock  and  will 
be  quite  permanent  at  or- 
dinary temperatures.  By 
the  time  the  color  of  the 
stock  has  reached  red,  par- 
ticles of  selenium  may  be 
seen  under  the  microscope, 
while  if  the  cure  is  con- 
tinued   the    selenium     will 

finally  gather  into  spherical    crystals  which  can  be    seen 

with  the  unaided  eye. 

Crystallization  Phenomena 

It  is  a  common  observation  that  compounds  of  low  sulfur 
content  bloom  very  easily  while  in  the  uncured  state.  This 
is  tlue  to  the  fact  that  the  temperature  reached  during  the 
milling  period  is  sufficient  to  cause  all  the  suKur  to  go  into 
solution.  Upon  cooling,  the  system  becomes  metastable 
because  the  rubber  is  supersaturated  with  sulfur.  When 
the  surface  of  such  a  stock  is  touched,  crystallization  occurs 
at  that  point,  and  these  crystals  serve  as  nuclei  for  the  growth 
of  the  large  crystals  which  quickly  appear  as  bloom. 

Metallic  selenium,  because  of  its  being  isomorphous  with 
monoclinic  sulfur,  may  be  used  to  prevent  the  formation 
of  a  supersaturated  solution  of  sulfur.  If  0.05  or  0.10  per 
cent  of  fuiely  divided  selenium  is  milled  into  the  stock,  each 
particle  of  selenium,  which  owing  to  its  low  solubility  and  the 
slow  rate  at  which  equilibrium  is  established  at  low  temper- 
atures, becomes  a  center  for  the  crj^stallization  of  sulfur. 
After  crystallization  has  taken  place  a  disturbance  will  not 
produce  bloom,  and  the  condition  knowTi  in  the  industry  as 
"dry  stock"  may  in  this  way  be  quite  effectively  a^'oided. 
In  a  pure  gum  stock  this  crystallization  requires  from  10  to 
15  minutes,  but  since  crystallization  is  slower  in  the  presence 
of  a  large  volume  of  filler,  it  is  necessary  to  produce  more 
centers  of  crystallization  bj^  using  a  larger  quantity  of  sele- 
nium. 

Experimental 

As  a  control  for  a  study  of  the  effect  of  selenium  on  cure, 
a  simple  rubber-suLfur  mixture  was  used.  Replacement  of 
part  of  the  sulfur  by  selenium  was  done  on  a  molecular  basis. 
In  each  of  the  following  compounds  the  sum  of  sulfur 
and  selenium  is  equivalent  to  6  per  cent  of  sulfur  to  the 
rubber. 


lie  Crepe 

Sulfur 

Seleniui 

G. 

G. 

G. 

94.00 

6.00 

0.00 

94.00 

5.11 

2.19 

94.00 

4.51 

3.69 

94.00 

3.73 

5.60 

94.00 

0.00 

14,80 

These  stocks  were  cured  at  290°  F.  in  an  oil  bath  which 
controlled  the  temperature  to  =^  0.5°  C.  The  physical  prop- 
erties of  all,  with  the  exception  of  Stock  51,  which  showed 
no  signs  of  cure  after  5  hours,  are  plotted  in  Fig.  1.     In  such 
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a  diagi-am  the  rate  of  cure  (not  to  be  confused  with  time  of 
"optimum"  cure),  as  measured  by  the  rate  of  change  in  stiff- 
ness of  the  stock,  can  be  judged  by  the  slope  of  the  fu-st  part 
of  the  curve.    The  addition  of  selenium  has  produced  an 


400 


increased  rate  of  cure  in  all  compounds  contammg  sulfur. 
Stock  48,  which  contains  only  2.17  per  cent  of  selenium,  cures 
at  approximately  twice  the  rate  of  the  simple  rubber-sulfur 
mixture.  After  this  the  addition  of  selenium  at  the  expense 
of  sulfur  causes  a  decrease  in  the  rate  of  cure  until  finally  a 
stock  which  does  not  cure  at  all  results. 

There  are  at  least  two  possible  factors  which  influence 
the  rate  of  cure  of  these  stocks. 

(1)  The  solubility  of  the  selenium  may  be  increased  until  it 
becomes  an  effective  vulcanizing  agent. 

(2)  The  selenium  may  act  simply  as  an  accelerator. 

The  mixture  of  sulfur  and  selenium  having  the  lowest 
melting  point  contams  62  per  cent  by  weight  of  selenium. 
Stock  48,  which  shows  the  highest  rate  of  cure,  contams  only 
30  per  cent  by  weight  of  selenium  in  the  sulfur-selenium 
mixture,  but  since  the  selenium  is  very  slightly  soluble  in  the 
rubber,  the  distribution  of  sulfur  between  the  rubber  and  the 
selenium  may  be  such  that  the  eutectic  mixture  of  sulfur 
and  selenium  is  approached.  Further  addition  of  selenium 
and  reduction  of  sulfur  would  then  result  in  a  higher  melting 
point  and  reduced  vulcanizing  properties.  This  is  probably 
true  if  selenium  functions  in  the  same  manner  as  sulfur,  but 
does  not  necessarily  follow  if  the  selenium  acts  merely  as  an 
accelerator.  That  selenium  does  act  as  an  accelerator  is 
indicated  by  the  curves  in  Fig.  1,  since  the  addition  of  only  a 
small  amount  of  selenium  has  greatly  increased  the  rate  of 
cure,  while  the  selenium  alone  produced  no  cure.  After 
the  addition  of  selenium  the  decrease  in  sulfur  has  retarded 
cure  in  a  manner  similar  to  that  experienced  when  the  sulfur 
is  reduced  in  the  presence  of  an  organic  accelerator.  The 
acceleratmg  action  (in  per  cent)  is  shown  further  bj'  the 
foUo^dng  stocks,  in  which  a  small  amount  of  selenium  has 
been  added  to  a  compound  already  containing  an  organic 
accelerator: 

zinc         Aldehyde 


Rubber 
93.00 
92.80 


Sulfur 
3.00 
3.00 


have  been  increased  much  more  than  they  would  have  Ijcen 
by  the  addition  of  either  the  same  amount  of  aldehyde 
ammonia  or  sulfur.  This  indicates  either  a  marked  activity 
as  an  accelerator  or  a  specific  action  of  selenium  which  is 
l^roduced  by  neither  accelerator  nor  sulfur. 

Neither  of  tliese  explanations  is  in  itself  sufficient  to  explain 
the  action  of  selenium,  because,  as  pointed  out  by  Boggs, 
selenium  is  capable  of  producing  a  cure  at  the  temperature 
employed  if  an  organic  accelerator  is  added.  A  stock  con- 
taining 70  per  cent  of  rubber  and  30  per  cent  of  selenium 
showed  no  cure  after  5  hours  at  290°  F.  The  same  stock 
with  2  per  cent  of  rubber  replaced  by  1  per  cent  of  zinc  oxide 
and  1  per  cent  of  aldehyde  ammonia  gave  a  tensile  of  1300 
pounds  after  30  minutes'  cure.  The  stiffness  and  strength 
slowly  decreased  upon  longer  cures  until  it  reached  a  tensile 
of  only  900  pounds  after  4  hours.  This  behavior  is  distinctly 
different  from  that  of  a  rubber  mix  containing  such  a  high 
percentage  of  sulfur,  in  which  case  the  stiffness  would  have 
continued  to  increase. 

An.\lysis  of  Stocks  Containing  Selenivsi 

The  determination  of  the  chemical  properties  is  accom- 
plished with  difficulty  because  of  the  presence  of  both  selenium 
and  sulfur.  It  is  possible  by  means  of  an  ordinary  acetone 
extraction  to  remove  some  selenium.  Bloom  which  occurs 
on  undercured  sulfur-selenium  stocks  is  composed  of  both 
sulfur  and  selenium,  so  that  the  mixed  crystals  of  sulfur  and 
selenium  are  somewhat  soluble  in  rubber  and  may  be  ex- 
tracted. Further  extraction  of  selenium  after  the  free  sulfur 
has  been  removed  is  extremely  slow.  The  extraction  is  made 
all  the  more  difficult  by  the  fact  that  selenium,  which  is  heated 
even  to  temperatures  as  low  as  100°  C,  tends  to  assume  the 
more  insoluble  form.  It  is  possible  that  repeated  addition 
of  sulfur  to  the  stock  with  repeated  extractions  might  be  a 
means  of  remo\'ing  all  free  selenium.  Crystals  were  found 
in  Stock  48  after  curing  for  60,  90,  or  120  minutes.  Small 
strips,  each  0.02  inch  in  thickness,  were  placed  in  a  SoxUet 
apparatus  and  nxtracted  with  acetone.     Although  the  60- 


FIGURE   Z 

Effect  of  sinull  amount 
of  stienium  on  a  stock 
Confaihin9  an  aueieraf^ 


Minutes    Cure    at    Z90"  F 


The  physical  properties  of  these  compoimds  are  showTi  in 
Fig.  2.     Both  the  rate  of  cure  and  stiffness  of  the  rubber 


minute  cure  contained  the  most  crj^stals,  aU  had  disappeared 
after  2  hours  of  extraction.  Those  in  the  90-minute  cure  had 
practicall}^  disappeared  after  6  hours,  while  the  120-muiute 
cure  had  apparently  not  changed  after  2  days.  A  micro- 
scopic examination  revealed  the  fact  that,  while  the  crystals- 
were  once  well  formed,  they  had  been  reduced  during  the 
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extraction  to  a  series  of  broken  points  which,  without  mag- 
nification, still  showed  the  original  outline.  These  changes 
again  point  to  the  fact  that  free  sulfur  is  necessary  for  the  suc- 
cessful extraction  of  selenium. 

Microscopic  examination  was  made  of  sections  of  sulfur- 
selenium  stocks  wliich  were  cured  to  the  point  where  prac- 
tically no  free  sulfur  remained.  The  amount  of  selenium 
present  was  estimated  by  counting  and  measurmg  the  par- 
ticles, and,  within  the  limits  of  accuracy  of  this  method,  all 
tlie  selenium  could  be  accounted  for.  This  showed  tliat  the 
amount  of  combined  selenium  must  be  small  and  is  not  to  be 
compared  in  magnitude  with  the  amount  of  combined  sulfiu-. 
No  further  efforts  were  made  to  determine  combined  selenium. 


FIGURE      3 

Combined  suifut-     and 
<>ifractiOM  loss  of  sfocHs 
containing  suHuy  and 
selenium 

Comb.S-     Q  E»tr-  loss 


Mixtiu'es  of  sulfuric  and  selenic  acid  may  be  separated  in 
acid  solution  by  the  addition  of  potassium  iodide.  The 
iodine  may  then  be  titrated  with  standard  arsenite  and  the 
selenium  determined,  after  which  the  sulfate  may  be  pre- 
cipitated. This  method  cannot  be  used  if  a  nitrate  fusion 
has  been  used  in  the  oxidation  of  the  sulfur  and  selenium, 
imless  the  nitrate  and  nitrites  are  first  removed.  If  the  se- 
lenium is  not  to  be  determined  it  may  be  reduced  in  the 
presence  of  a  nitrate,  but  the  presence  of  nitrites,  which  are 
always  produced  during  the  fusion,  prevents  the  precipitation 
of  selenium.  This  precipitation  is,  however,  easily  accom- 
phshed  in  acid  solution  by  either  sulfites  or  stannous  chloride. 
Combined  sulfur  was  finally  determined  after  removal  of 
selenium  by  the  addition  of  the  calculated  amount  of  stan- 
nous chloride.  The  following  check  determinations  were 
made  by  this  method  on  a  stock  of  known  sulfur  and  selenium 
content : 


Sulfur  Present 
G. 
0.0163 
0.0163 
0.0163 
0.0163 


0  0103 
0.0103 
0.0103 
0.0103 


Sulfur  Found 
G. 
0.0162 
0  0159 
0.0167 
0.0169 


In  Fig.  3  are  shown  the  values  for  combined  sulfur  and  for 
extraction  loss  of  Stocks  47,  48,  and  49.  In  all  stocks  con- 
taining selenium,  the  same  stiffness  is  reached  with  lower 
combined  sulfur.  This  resembles  the  action  of  stocks  con- 
taining an  organic  accelerator.  The  extraction  loss  of  the 
rubber-sulfur  mtxture  reaches  a  minimum  of  3.3  per  cent  at 


240  minutes'  cure.  This  is  slightly  more  than  the  normal 
resin  content  of  the  rubber.  In  all  the  selenium  stocks  a 
minimum  extract  of  only  shghtly  more  than  1..5  per  cent  is 
found.  This  is  approximately  1.1  per  cent  below  the  original 
resin  content  of  the  rubber. 

Although  selenium  alone  or  with  an  accelerator  is  some- 
what effective  as  a  vulcanizing  agent,  it  is  apparent  that  it 
functions  chiefly  as  an  accelerator  wlien  used  with  sulfur. 
.\11  accelerators  in  common  use,  whether  organic  or  inorganic, 
are  chemical  compounds,  but  here  is  a  case  of  the  increased 
action  being  brought  about  by  an  element.  Complications 
arising  in  the  study  of  the  accelerators  of  vulcanization  can  be 
greatly  reduced  by  the  elimination  of  many  uncertain  de- 
composition products,  if  selenium  is  used  as  the  accelerator. 
The  action  between  accelerator  and  sulfur  is  also  reduced  to 
a  more  simple  state.  It  is  possible  that  a  study  of  the 
action  of  selenium  in  rubber  will  throw  more  light  on  the 
nature  of  acceleration. 


A  Ball-Mill  Electrolytic  CeW 

By  Alexander  Lowy  and  Alfred  R.  Ebberts 

University  of  Pittsburgh,  Pittsburgh,  P-\. 

TOURING  the  com-se  of  an  investigation  in  this  laboratory 
-^'^  of  the  electrolytic  oxidation  of  antliracene,  a  novel 
type  of  cell  was  designed  and  constructed.  Certain  solids 
in  suspension  have  a  tendency  to  aggregate  under  the  action 
of  the  cm-rent.  Also,  when  the  superficial  layer  of  any 
particle  has  entered  into  reaction,  it  prevents  or  slows  up  the 
action  on  the  central  portion  of  the  particle.  To  prevent  both 
of  these  undesirable  effects  this  cell  was  designed. 

The  stirrer  was  equipped  with  paddles  to  produce  a  swirl- 
ing motion  in  the  electrolyte,  and  glass  balls  were  introduced, 
which  were  carried  rapidly  round  and  round  by  the  swirling 
liquid.  The  thermometer  and  one  electrode  were  raised 
enough  to  allow  the  balls  to  pass  under  them.  The  other 
electrode  was  on  the  bottom  of  the  beaker  and  a  connection 
for  it  was  sealed  in  the  glass.  For  large  balls  several  glass 
marbles,  such  as  children  play  with,  were  used,  and  for  small 
ones  the  solid  beads 
furnished  for  Hem- 
pel  fractionating  col- 
umns. The  size  of 
ball  must  be  deter- 
mined by  conditions. 
Mercury  as  electrode 
has  the  advantage 
of  not  requiring  seal- 
ing into  the  cell,  and 
also  that  no  trou- 
ble due  to  soUds  ad- 
hering to  the  elec- 
trode surface  is  ex- 
perienced. The  sohd 
anodes  used  by  the 
authors  were  sealed 
m   place   with    Red-  ~  t!'cXrjJ':c^c 

manol  cement,  wliich 

was  found  to  be  very  satisfactory.  Heat  should  be  suppUed 
bj-  bath  only.  Direct  heating  causes  the  dissolution  of  the 
cell  due  to  the  different  coefficients  of  expansion  of  the  ma- 
terials used  and  the  excessive  local  heating. 

I  Received  September  U,  1023. 
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Some  of  the  Constituents  of  Coke-Oven  Tar' 


By  John  M.  Weiss  and  Charles  R.  Downs 

50  East  41st  St.,  New  York,  N.  Y. 


1"^HERE  is  a  rather  popular  idea  that  anything  can  be 
found  in  coal  tar,  based  on  the  assumption  of  the 
layman  that  coal-tar  products  are  in  general  found 
in  tar  itself.  Even  the  technical  man  is  under  some  mis- 
apprehension, as  Lunge  in  his  book  on  "Coal  Tar  and  Am- 
monia" lists  some  two  hundred  odd  substances  which  various 
investigators  have  claimed  to  have  found  in  tars  from  various 
sources,  including  such  wdely  differing  types  as  blast  fur- 
nace, peat,  lignite,  and  wood  tars,  as  well  as  the  various 
tars  from  bituminous  coal.  The  type  of  tar  produced  in 
greatest  quantity  in  the  United  States  is  coke-oven  tar,  so 
it  seems  that  more  exact  information  on  its  composition  is 
desirable.  The  past  exact  knowledge  is  largely  confined  to 
the  light  oil  below  200°  C,  the  tar  acids,  and  the  tar  bases, 
all  of  which  are  comparatively  easy  to  separate  and  examine. 

The  present  communication  is  designed  to  throw  light  on 
the  composition  of  the  neutral  oils  boiling  above  200°  C, 
both  as  to  the  principal  compounds  present  and  their  amount. 
Naturally,  a  study  of  the  composition  of  all  varieties  of  Amer- 
ican coke-oven  tars  would  be  a  very  long  investigation,  but 
the  composition  of  the  average  coke-oven  tar  is  of  interest 
to  show  what  compounds  are  commercially  available.  The 
results  can  be  accepted  with  the  usual  reservations  which  all 
conversant  with  the  tar  industry  make  because  of  the  vari- 
ations in  the  raw  material  of  the  industry.  The  work  de- 
scribed comprises  two  phases — qualitative  and  quantitative. 

The  qualitative  test  involved  a  larger  sample  than  chem- 
ists are  wont  to  use  in  their  analyses.  About  20,000  gallons 
of  coal-tar  distillate  oil  were  handled,  the  tar  acids  and  bases 
removed  by  extraction  with  caustic  soda  solution  and  dilute 
sulfuric  acid,  and  the  extracted  oil  was  settled  to  remove  the 
hydrocarbons  crystallizable  at  normal  temperature.  This 
left  about  10,000  gallons  of  neutral  settled  oil,  which  was 
distilled  in  the  most  refined  type  of  vacuum  column  still. 
The  distillate  was  collected  in  100-gallon  fractions,  and  these 
fractions  were  taken  for  the  laboratory  qualitative  ex- 
amination, first,  to  determine  the  existing  compounds,  and, 
second,  to  develop  quantitative  methods  for  estimation  of 
these  compounds.  In  this  paper  the  detailed  results  of  the 
preliminary  experiments  are  not  given  in  full,  but  rather  a 
skeleton  of  this  phase  of  the  work  and  the  final  general  con- 
clusions reached. 

Methylnaphthale  ne 

The  separation  of  a-  and  ^-methylnaphthalenes  was  under- 
taken from  the  fractions  of  oil  boiling  between  23.5°  and 
247°  C.  After  a  number  of  fractional  distillations  and  crys- 
tallizations, fairly  pure  samples  of  the  two  isomers  were  ob- 
tained. The  j3-methylnaphthalene  was  crystallized  four- 
teen times  from  alcohol  and  finally  showed  a  solidifying  point 
of  35.1°  C.  and  an  index  of  refraction  at  40°  C.  of  1.6028. 
The  melting  points  of  successive  crops  of  crystals  had  not 
become  absolutely  constant,  but  were  nearly  so. 

The  a-methykaphthalene  was  purified  by  recrystallizing 
the  picrate  and  decomposing  it.  The  melting  point  of  the 
picrate  was  123°  C.  and  the  index  of  refraction  of  the  hydro- 

>  Presented  before  the  Division  of  Organic  Chemistry  at  the  65th 
Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2  to 
7,  1923. 


carbon  at  40°  C.  was  1.5882.  There  was  therefore  sufficient 
difference  in  the  indices  of  refraction  to  use  this  constant  as 
a  method  of  estimation,  if  only  the  two  isomers  were  present 
in  a  mixture.  The  constant  is  seriously  depressed  by  the 
presence  of  paraffins  in  the  oils  which  may  amount  to  4 
per  cent.  All  other  impurities,  however,  can  be  removed  and 
the  paraffins  estimated  and  their  effect  on  the  index  of  re- 
fraction calculated  from  the  determined  value  for  their  in- 
dex of  refraction  at  40°  C.  of  about  1.4316.  The  writers  did 
not  go  further  into  the  properties  of  the  monomethylnaph- 
thalenes,  as  at  this  point  they  had  sufficient  data  to  enable 
them  to  make  reasonably  approximate  estimates  of  the  meth- 
ylnaphthalene  content  of  oils,  and  had  concluded,  further, 
that  in  general,  with  the  products  investigated,  the  propor- 
tions of  a-  to  /3-methyhiaphthalene  were  1.45  to  1.00. 

The  fractions  containing  the  methylnaphthalenes  were 
examined  for  trimethylcoumarones,  with  negative  results. 
The  fractions  just  above  the  monomethylnaphthalenes  con- 
tained dimethylnaphthalenes  in  complex  mixture.  No  at- 
tempt was  made  to  separate  the  individual  isomers,  but  they 
were  estimated  en  masse  by  fractional  distillation. 

DiPHENTL 

This  body  was  estimated  in  several  of  the  fractions  by  sulfo- 
nation  at  40°  to  50°  C.  with  concentrated  sulfuric  acid  and 
pouring  the  sulfonated  mass  into  an  excess  of  water.  By  ex- 
traction with  ether,  a  crude  diphenjd  was  obtained  which 
was  purified  from  admixed  paraffin  hydrocarbons  by  crystal- 
lization from  alcohol.  The  richest  fraction  contained  only 
8  per  cent  of  the  crude  material,  and,  based  on  the  original 
tar,  the  amounts  present  were  only  around  0.1  per  cent. 

Fluorene 

The  fractions  in  which  fluorene  should  be  present  were 
nearly  solid  and  the  separated  pressed  solids  were  nearly 
pure  material,  merely  requiring  a  wash  with  sulfuric  acid  and 
redistillation  to  remove  small  amounts  of  resinifjang  hydro- 
carbons. 

ACENAPHTHENE 

The  fractions  in  this  range  acted  very  similarly  to  the 
fluorene  fractions,  and  the  isolation  of  acenaphthene  was  not 
difficult.  The  separated  liquid  oil  from  acenaphthene,  as 
well  as  that  from  fluorene,  was  not  examined  very  thoroughly, 
as  on  redistillation  it  gave  considerably  more  of  the  parent 
hydrocarbon  and  the  actual  amounts  of  true  liquid  oil  were 
materially  lessened. 

Phenanthrene 

The  development  of  a  direct  method  of  analysis  for  phen- 
anthrene in  crude  solids  was  a  long  and  tedious  task.  The 
method  finally  perfected  involved  the  formation  of  phenan- 
thraquinone  by  oxidation  in  glacial  acetic  acid  solution  with 
iodic  acid  and  the  precipitation  of  the  phenanthraquinone 
in  weighable  form  by  either  1,3,4-toluylenediamine  or  1- 
ethoxy-3,4-diaminobenzene.  The  details  of  this  form  the 
subject  of  a  paper  by  Williams.^    In  connection  with  the 

J/.  Am.  Chem.  Soc,  43,  1911  (1921).  • 


October,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


1023 


work  pure  plienanthrene  was  prepared  and  found  to  have 
a  melting  point  of  99.6°  C. 

Miscellaneous 

Naphthalene,  anthracene,  and  carbazol  were  separated  and 
estimated  in  the  usual  way  in  the  solids  from  their  fractions. 
Diphenyleue  o>dde  was  sought,  with  negative  results.  Above 
the  anthracene  oils  are  obtained  the  last  oils  from  the  dis- 
tillation of  tar  which  can  be  roughly  separated  into  yellow 
solids,  greases,  and  resinous  bodies — all  of  unknown  compo- 
sition and  affording  fields  for  further  research  work.  The 
separation  of  these  products  has  been  described  by  Bailey 
and  Boettner.^  The  yellow  solids  have  been  showii  to  con- 
tain chrysene  and  picene,  and  are  a  rather  complicated  mix- 
ture. 

As  exemplifying  the  work,  the  results  obtained  on  one  of 
the  still  runs  of  higher  boiling  oil  are  shown  graphically  in  the 
accompanying  curve.  Still  temperatures  are  not  given,  as 
under  a  varying  vacuum  they  are  of  very  little  value.  In 
the  greater  portion  of  the  range  over  70  per  cent  of  the  com- 
pounds present  were  actually  definitely  determined.  The 
percentages  of  acenaphthene  and  fluorene  as  determined  are 
probably  somewhat  low  and  account  partly  for  the  drop  of 
the  total  curve  between  Fractions  16  and  23.  The  fractions 
also  vary  in  paraffin  content  from  2  to  5  per  cent  and  from  5 
to  7  per  cent  in  unsaturated  hydrocarbons,  but  as  these  have 
not  been  determined  in  all  fractions  in  this  set,  they  were 
omitted.  If  included  they  would  bring  a  considerable  por- 
tion of  the  total  curve  close  to  100  per  cent.  The  naph- 
thalene and  monomethylnaphthalene  end  is  not  character- 
istic as  these  had  been  largely  removed  by  a  previous  dis- 
tillation. 

Constituents  of  T.\r 

With  the  data  obtained  in  the  preliminary  work  a  new  start 
was  made.  A  mixture  of  four  representative  coke-oven  tars 
wdth  a  specific  gravity  at  15.5°  C.  of  1.186  and  a  benzene 
insoluble  of  10.6  per  cent  was  selected,  and  was  run  first  in 
the  plant  and  then  in  the  laboratory,  distillation  losses  being 
eliminated  by  equation  as  the  work  proceeded.  The  net 
final  results  are  shown  in  the  f oUowing  table : 

Constituents  of  Tar 

Per  cent  by  Weight 

on  Dry  Tar 
Light  oil: 

Crude  benzene  and  toluene 0.3 

Coumarone,  indene,  etc 0.6 

Xylenes,  cumenes.  and  isomers , 1.1 

Middle  and  heavy  oils: 

Naphthalene 10.9 

Unidentified   oils   in   range   of   naphthalene  and   methyl- 
naphthalenes  1.7 

a-Monomethylnaphthalene 1.0 

P-Monomethylnaphthalene 1.5 

Dimethylnaphthalenes 3.4 

Acenaphthene 1.4 

Unidentified  oil  in  range  of  acenaphthene 1.0 

Fluorene 1.6 

Unidentified  oil  in  range  of  fluoreoe 1.2 

Anthracene  oil: 

Phenanthrene 4.0 

Anthracene 1.1 

Carbazol  and  kindred  nonbasic  nitrogen-containing  bodies  2.3 

Unidentified  oils,  anthracene  range 5.4 

Phenol 0.7 

Phenol  homologs  (largely  cresols  and  xylenols) 1.5 

Tar   bases    (mostly   pyridine,   picolines,   lutidines,   quinolines, 

and  acridine) 2.3 

Yellow  solids  of  pitch  oils 0.6 

Pitch  greases 6.4 

Resinous  bodies S.3 

Pitch  (460°  F.  melting  point) 44.7 

Total 100.0 

The  general  composition  of  the  distUlate  portion  of  the 
tar  is  fairly  well  accounted  for,  the  unidentified  material  in 
the  lower  ranges  being  inconsiderable  (largely  unsaturated 
hydrocarbons  and  paraffins  or  hydro-aromatics),  the  greater 

U.  S.  Patent  1,355,103  (October  5,  1920). 


part  of  the  unidentified  materials  occurring  in  the  oils  of  the 
anthracene  range  and  the  solids  and  greases  just  below  the 
hard  pitch. 

It  is,  of  course,  to  be  borne  in  mind  that  these  results 
represent  the  composition  of  a  mixture  of  several  coke-oven 


fRACTion  Number 
A — Naphthalene.      B — Monomethylnaphthalenes.      C — Diphenyl. 
D — Dimiithylnaphthalenes.    E — Acenaphthene.    F — Fluorene.    G — 
Phenanthrene.     H — Anthracene.     I — Carbazol 

tars,  and  other  mixtures  or  single  varieties  of  these  might 
show  different  percentages  of  materials,  but  these  variations 
cannot  be  estimated  at  present.  The  amounts  given  should 
not  be  taken  as  commercially  recoverable,  as  it  would  not 
ordinarily  be  practicable  to  refine  oils  to  the  extent  necessary 
to  obtain  all  of  any  given  constituent. 

The  most  notable  feature  of  the  results  is  the  comparatively 
few  compounds  existing  in  the  tar  in  appreciable  amount, 
probably  not  over  one-quarter  of  those  popularly  supposed 
to  be  there.  The  fact  that  phenanthrene  is  the  second  most 
abundant  chemical  in  tar  is  also  surprising  and  indicates  the 
desirability  of  work  to  effect  its  chemical  utilization.  The 
higher  boiling  resins  and  greases  are  worthy  of  attention  by 
future  chemical  investigators,  as  they  are  present  in  con- 
siderable quantity,  and  further  amounts  of  the  resins  are 
left  in  the  460°  F,  melting  point  pitch,  although  this  (con- 
taining from  50  to  60  per  cent  of  free  carbon  and  considerably 
harder  than  ordinary  commercial  pitches)  is  very  close  to 
pitch  coke.  The  method  of  tar  distillation  was  such  as  to 
minimize  cracking,  as  showTi  by  the  fact  that  the  460°  F. 
pitch  was  entirely  fluid  when  drawn  from  the  still. 

The  writers  beUeve  that  the  results  given  are  new  and  afford 
a  better  picture  of  the  constituents  of  American  coke-oven 
tar  than  has  heretofore  been  available.  They  may  serve  to 
correct  many  misconceptions  which  have  been  prevalent  in 
the  past,  and  should  indicate  certain  fields  in  which  effort 
toward  the  isolation  and  utilization  of  coal-tar  products  is 
desirable. 


A  New  Ethylating  Agent 

For  some  time  the  Mellon  Institute  of  Industria  JResearch, 
University  of  Pittsburgh,  Pittsburgh,  Pa.,  in  connection  with 
the  work  of  the  Multiple  Industrial  Fellowship  sustained  by 
the  Carbide  &  Carbon  Chemicals  Corp.,  of  New  York  City, 
has  been  making  a  thorough  investigation  of  the  properties 
and  uses  of  diethyl  sulfate  as  a  general  ethylating  agent.  A.  R. 
Cade,  an  industrial  fellow  of  the  institute,  under  whom  the  greater 
part  of  this  work  has  been  carried  out,  has  published  recently 
a  report  of  the  finidings  of  this  investigation,  which  report  shows 
diethyl  sulfate  to  be  a  most  satisfactory  general  reagent  for 
introducing    ethyl    groups    into    organic    compounds. 

Mellon  Institute  will  be  pleased  to  furnish  samples  of  this 
material  to  those  interested,  and  Mr.  Cade  will  correspond  gladly 
with  any  one  who  desires  further  information  upon  this  sub- 
ject. Reprints  of  the  article  referred  to  may  be  obtained  by 
writing  to  Mr.  Cade  at  the  institute. 
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The  Surface  Tension  Balance' 

Apparatus  for  the  Rapid  Measurement  of  Surface  Tension 

By  Robert  Gladding  Green 

University   of    Minnesota,    Minneapolis,   Minn. 


WITH  the  increas- 
ing application  of 
physical  and  col- 
loidal chemistry  to  biologi- 
cal science  and  the  indus- 
tries, surface  phenomena 
are  being  recognized  as  of 
great  importance   and  the 

measurement  of  surface  tension  is  accordingly  becoming  a 
very  common  procedure.  Experimental  work  involving 
large  numbers  of  surface  tension  determinations  has  been 
carried  on  in  these  laboratories  for  a  number  of  years, 
and  a  special  study  has  been  made  to  develop  apparatus  and 
methods  suitable  for  biochemical  investigation.  WhUe  ra- 
pidity of  measurement  has  been  considered  of  prime  im- 
portance, it  has  been  required  that  the  procedures  give 
standard  values  of  reasonable  accuracy.  For  results  of  dif- 
ferent investigations  and  of  various  investigators  to  be  com- 
parative, it  is  essential  that  data  be  reported  in  true  standard 
units.  All  methods  of  surface  tension  measurement  re- 
quire correction  to  give  standard  values,  but  as  the  cor- 
rection in  case  of  the  drop  weight  method  can  be  made  so 
small  as  to  be  negligible,  this  method  has  been  adopted  for 
general  use.  For  use  with  the  drop  weight  method  two  types 
of  torsion  wire  balances  have  been  developed.  Such  an 
apparatus  has  been  termed  a  surface  tension  balance. 

A  torsion  wire  balance  was  used  by  Searle^  for  the  measure- 
ment of  surface  tension,  the  degree  of  torsion  being  deter- 
mined by  the  use  of  weights.  DuNuoy^  introduced  the  pro- 
duction of  torsion  in  one  end  of  the  torsion  wire,  and  also 
its  indication  by  means  of  a  scale  divided  into  degrees.  In 
a  preliminarj'  description  of  this  apparatus'"  an  adjustable 
scale  has  been  introduced,  which  has  made  it  possible  to 
express  the  torsion  of  the  wire  in  standard  units  of  surface 
tension  so  that  readings  are  made  directly  in  dynes  per 
centimeter. 

Description 

The  two  types  of  our  surface  tension  balance  are  designated 
as  Type  A  and  Type  B.  The  apparatus  built  as  used  in 
these  laboratories  is  easily  convertible  from  one  type  to  the 
other.  In  general,  the  apparatus  consists  of  three  mechan- 
ical parts,  a  dropping  pipet,  a  balance  beam  mounted  upon 
a  torsion  wire,  and  an  adjustable  scale.  The  dropping 
pipet  is  similar  to  those  used  for  actual  drop  weights.  The 
balance  beam  (CB,  Fig.  2)  supported  by  the  torsion  wire 
D  carries  at  one  end  a  silver  cup,  C,  pivoted  upon  watch 
jewels.  The  adjustable  scale  consists  of  a  series  of  arcs  of 
the  same  radius,  but  the  segments  are  of  different  lengths 
and  each  segment  is  divided  into  the  same  number  of  units 
by  lines  normal  to  the  arcs.  This  division  into  units  is 
different  in  Type  A  and  Type  B.  The  scale  face  is  movable 
horizontally  so  that  any  one  of  the  series  of  arcs  can  be 
moved  under  the  end  of  the  pointer.  The  scale  is  so  con- 
structed in  relation  to  the  size  of  the  torsion  wire  that  the 
units  represent  surface  tension  in  dynes  per  centimeter. 

1  Received  April  28,  1923. 

!  Proc.  Cambridge  Phil.  Soc.  17,  28.5  (1914). 

' /.  Gen.  Physiol.,  1,  521  (1919). 

'/.  Bad.,  7,  3fi7  (1922). 


A  new  type  of  surface  tension  balance  is  described,  an  apparatus 
utilizing  the  drop  weight  method  of  measuring  surface  tension  of 
liquids.  Less  than  five  drops  of  liquid  are  necessary  for  measure- 
ment. No  calculations  are  used  and  the  drop  weights  are  not  actually 
determined.  The  surface  tension  is  indicated  upon  the  scale  di- 
rectly in  dynes  per  centimeter. 


Type  A  balance  is  similar 
in  design  to  the  apparatus 
described  in  the  preliminary 
paper. ■*  Here  the  balance 
beam  swings  to  an  angular 
position  when  a  di'op  of  the 
liquid  to  be  measured  is 
dropped  into  the  cup.  The 
adjustable  scale  is  so  placed  that  the  end  of  the  beam  oppo- 
site the  cup  acts  as  a  pointer  and  swings  over  the  scale  face 
indicating  the  surface  tension  in  dj'nes  per  centimeter.  At 
the  angular  position  of  equilibrium  the  force  acting  upon 
the  balance  beam  may  be  expressed  by  the  equation  9c  =  it'7 
cos9,  where  0  =  angle  of  torsion  of  the  wire,  c  =  torsion  con- 
stant of  the  wire,  w  =  weight  of  liquid  drop  used,  and  r  = 
length  of  balance  beam  from  torsion  wire  to  cup.  This  may 
e 


be  written  iv  =  k 


cose 


as  c  and  r  are  constants.    We  also 


have  Tate's  law,  y  =  kw,  where  y  =  surface  tension  and 
k  =  constant.     Combining    the    two    equations,   we    have 

y  =  k  — -. 

cose 

This  relation  indicates  that  a  scale  reading  surface  tension 
directly  in  djTies  per  centuneter  when  used  on  this  type  of 
balance  must  be  so  constructed  that  the  size  of  the  units 
will  decrease  as  the  angle  of  torsion  increases.  As  the  rela- 
tion between  9  and  cosG  is  purely  geometrical,  such  a  scale 
can  be  accurately  constructed,  and  is  pictured  in  Fig.  1. 

Type  A  surface  tension  balance  is  the  simplest  and  most 
rapid  to  operate.  It  has  a  limitation  of  accuracy  as  the 
function  0/cos9  decreases  rapidly  with  large  values  of  9. 


t.  1923,  Robert  C.  Green 


Fig.  1— Sc.\le 
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Copyright,  1923.  Robfrt  G.  Green 
Fig.  2 — Type  B  Surface  Tension  Blower 

This  type  of  apparatus  is  calibrated  by  the  use  of  a  standard 
solution,  preferably  with  a  low  surface  tension,  as  benzene, 
and  finds  its  application  where  rapidity  and  ease  of  manipu- 
lation is  desired. 

Type  B  apparatus  is  pictured  in  Fig.  2.  In  this  type 
the  balance  beam  at  equilibrium  is  in  the  horizontal  posi- 
tion, the  zero  point  being  determined  by  the  indicator 
A'.  Angular  displacement  of  the  balance  beam  due  to 
the  weight  of  the  liquid  dropped  into  the  cup  is  counter- 
balanced mth  torsion  produced  by  rotation  of  one  end  of 
the  wire.  As  torsion  is  produced  in  the  wire  by  means  of 
the  wheel  W ,  the  pointer  P  moves  over  the  scale  face  and 
indicates  the  surface  tension  of  the  liquid  in  djTies  per  centi- 
meter when  the  balance  beam  is  again  in  the  horizontal 
position.  At  equilibrium  the  balanced  forces  are  expressible 
in  the  notation  used  above  as  Gc  =  wr,  and  combining  this 
with  the  law  of  Tate,  7  =  kQ,  indicating  that  in  this 
type  of  apparatus  the  units  representing  surface  tension 
are  proportional  to  the  angles  of  torsion.  Such  a  scale  is 
showii  constructed  in  Fig.  3. 

Calibr.vtiox 

The  pointer  is  set  at  zero  djoies  and  the  balance  beam 
brought  opposite  the  horizontal  indicator.  Two  or  tlu-ee 
drops  of  pure  water  (or  other  standard  liquid  of  knovTi 
surface  tension)  are  dropped  from  the  dropping  pipet  into 
the  cup.  The  beam  is  balanced  in  the  horizontal  position 
by  torsion  in  the  end  of  the  wire,  the  pointer  moving  to  some 
angular  position  upon  the  scale  face.  In  the  case  of  water 
at  25°  C,  this  angular  displacement  represents  72. S  dj-nes. 
On  the  scale  face  among  the  series  of  arcs  there  will  be  found 
one  which  will  correspond  to  this  angular  displacement  and 
■n-iU  be  divided  into  72.8  units.  The  scale  face  is  moved 
laterally  until  the  reading  off  the  end  of  the  pointer  is  72.8 
and  the  apparatus  is  calibrated.  This  process  is  carried  out 
quickly  and  conveniently  each  time  the  balance  is  used  or 
the  pipet  cleaned,  and  it  is  also  desirable  to  check  the  caUbra- 
tion  after  running  a  series  of  measurements.  The  pipet 
is  the  only  part  of  the  apparatus  to  be  cleaned,  as  the  cuj? 
need  only  be  dried  and  the  balance  beam  checked  for  zero 
reading.    With   pure  water  and   careful  manipulation  re- 


peated caUbrations  of  the  instrument  will  check  within  one 
or  two  tenths  of  a  dyne. 

The  number  of  drops  used  depends  upon  the  size  of  the 
torsion  wire;  two  or  three  drops  have  been  found  very  con- 
venient. The  adjustability  of  the  scale  allows  for  a  varia- 
tion of  30-degree  angular  displacement  of  the  pointer,  and 
this  coupled  with  the  choice  of  size  of  torsion  wire  used  and 
the  number  of  drops  employed  gives  the  apparatus  great 
flexibUity. 

Evaporation  and  temperature  are  the  gross  sources  of 
error.  With  water  and  watery  solutions  the  evaporation 
error  is  minimized  in  that  cahbration  and  measurements 
are  made  under  similar  conditions  of  evaporation.  The 
temperature  error  may  be  made  small  by  control  of  room 
temperature  or  by  frequent  cahbration. 

It  is  essential  that  the  water  used  in  cahbration  of  the 
apparatus  be  very  pure,  as  minute  traces  of  some  substance 
markedly  reduce  surface  tension.  It  has  been  practice  to 
use  freslily  redistilled  water  for  calibration  of  this  instrument, 
accepting  the  surface  tension  of  this  liquid  as  72.8  dynes 
at  20°  C. 


-^^Po-n-ftr     length 


Copyrisht,  1923.  Robert  C.  Green 
Fig.  3 — Scale  on  Type  B  Balance 
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New  Uses  for  Wood 

Chemical  research  is  revealing  new  uses  for  wood  that  were 
not  dreamed  of  a  few  years  ago,  declares  the  Forest  SerWce, 
Department  of  Agriculture.  One  example  is  that  of  the  ex- 
tended use  of  pulpwood,  not  only  for  paper  products,  but  also 
for  fiber  containers,  wall  board,  and  similar  forms  of  material. 
Wood  is  already  in  use  for  the  making  of  artificial  silk,  rope, 
carpets,  and  other  fabrics. 
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The  Viscosity  of  Coke-Oven  Tars  and  Soft  Pitches' 


By  Wilbert  J.  Huff 
The  Koppers  Company,  Pittsburgh,  Pa. 


THE  general  shape  of 
the  ^-iseosity-temper- 
ature  curves  for  the 
tars  and  pitches  when  plot- 
ted on  ordinary  coordinates 
is  illustrated  by  Fig.  1.  The 
sharp  bend  is  characteris- 
tic. The  smooth  yet  rapid 
transition  of  the  coal-tar 
pitch  aggregate  from  a 
liquid  so  viscous  that  it  is 
brittle  to  a  mobile  fluid  re- 
sembles in  general  the  cor- 
responding change  in  typi- 
cal   emulsoid  colloids,  and 

there  is  at  present  Httle  reason  to  doubt  that  high-tem- 
perature coal  tar  and  its  pitches  are  colloidal  systems.  Con- 
sidering the  -mde  industrial  apphcations  of  these  materials 
and  the  unportance  of  physical  properties  in  determining  such 
applications,  it  is  surprismg  that  the  theoretical  develop- 
ment of  these  has  received  so  little  attention. 

Today  the  industry  is  controlled  by  a  series  of  empirical 
tests,  such  as  float  tests,  penetration  tests,  so-called  •'meltmg 
point  tests,"  sUde  tests,  and  "free  carbon"  tests,  whose 
correlation  is  verj-  imperfectly  underetood.  This  leads  to 
considerable  confusion  in  the  compilation  of  specifications, 
and  throws  upon  the  industry  a  diversification  of  demands 
which  entails  hea^y  expense.  Such  empirical  tests  either 
deal  largely  and  more  or  less  directly  with  the  change  in  vis- 
vosity  vdth  temperature,  or,  as  in  the  case  of  "free  carbon," 
deal  ^rith  constitutive  properties  which  afifect  the  change 
of  viscosity  -nith  temperature.  The  shape  of  the  curve 
would,  therefore,  appear  to  be  of  interest  to  the  manufacturer 
and  purchaser  of  coal-tar  aggregates. 

DETERinX.\TION  OF  ViSCOSITY 

Following  German  practice,  coal-tar  laboratories  in  this 
country  have,  in  general,  adopted  the  Engler  viscometer. 
Recently  the  Saybolt  Universal  viscometer  has  met  with 
favor.  These  instruments  are,  however,  rather  unsuited 
for  the  technical  determination  of  the  higher  \-iscosities  dis- 
played by  many  tars  at  or  near  room  temperature,  or  by 
pitches  at  temperatures  often  much  higher  than  room  tem- 
perature. To  meet  this  need,  such  laboratories  have  gen- 
erallj'  employed  the  Stormer  viscometer,  and  the  data  here 
presented  were  obtained  by  this  instrument. 

This  is  essentially  a  rotating  cylinder  driven  by  a  known 
weight.  It  was  described  by  Stormer-  and  by  Rogers  and 
Sabin^  for  the  examination  of  paint.  Its  limitations  have 
been  discussed  by  Riggs  and  Carpenter.^  Recently  it  has 
been  used  by  Higgins  and  Pitman^  for  the  determination  of 
the  absolute  viscosities  of  pjToxj'lin  plastics.  The  last- 
named  -nTiters  found  that  the  determinations,  properly  cor- 
rected, gave  very  satisfactory  values  provided  the  Aascosities 
were  greater  than  15  centipoises. 

1  Presented  before  the  Section  of  Gas  and  Fuel  Chemistry  at  the  6.5th 
Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2 
to  7,  1923. 

'  Oil,  Painl  Drug  Rep.,  27  (1911),  through  Pelrolrum  6,  21S4  (1920). 

•This  Jqurn.ai,  3,  737  (1911). 

<  Ibid.,  4,  901  (1912). 

tlbid.,  12.  5S7  (1920). 


In  the  ulilizalion  of  tar  and  soft  pitches  as  liquid  fuel,  probably 
no  property  influences  the  design  of  pumps,  piping,  and  burners 
more  than  the  change  of  viscosity  with  temperature:  yet.  to  the  chem- 
ist and  engineer  seeding  information  on  this  property  very  little 
is  available  in  the  literature. 

This  paper  gives  the  results  of  a  brief  study  of  this  property  using 
a  number  of  typical  col^e-oven  tars  and  their  very  soft  pitches.  The 
results  are  expressed  in  such  units  that  they  may  he  applied  directly 
to  the  calculation  of  the  pressure  drop  in  pipe  lines.  Directions 
and  formulas  covering  such  calculations  are  also  appended. 

The  viscosity  data  should  also  prove  useful  for  still  and  con- 
denser design  in  connection  With  the  carbonizing  or  tar-distilling 
plant. 


The  chief  objection  to 
the  Stormer  viscometer  lies 
in  the  friction  factor.  With 
no  liquid  in  the  instrument, 
the  spinning  of  the  cylinder 
for  100  revolutions  requires 
some  time.  Fig.  2  gives  the 
time  required  for  100  revo- 
lutions with  different  driv- 
ing weights  with  no  Liquid 
present.  It  shows,  as  ex- 
pected, that  with  increasing 
dri\-ing  weight  the  curve 
approached  parallelism  with 
the  2:-axis  asjTnptoticaUy, 
while  with  increasing  times  it  approached  parallelism  with  the 
?/-axis  asTOiptotically,  and  suggests  a  hj'perbola.  Deter- 
minations of  points  on  the  curve  with  driving  weights  less 
than  10  grams  proved  difficult,  because  slight  variations  in 
the  character  of  the  initial  impulse  seriously  affect  the  time 
requu-ed  for  100  revolutions. 

Since  the  curve  approaches  parallelism  with  the  respective 
axes  with  high  driring  weights  and  high  tunes,  the  instru- 
ment appears  capable  of  giving  comparative  \iscosities  under 
these  conditions,  especially  when  the  driving  weight  remains 
constant  throughout,  a  precaution  observed  in  the  experi- 
ments reported  herewith. 

Thus,  Higgins  and  Pitman  found  that  sufficiently  high  \'ts- 
cosities  with  high  dri\-ing  weights  gave  values  which  could 
be  ex-pressed  by  the  straight-line  equation  V  =  At  —  B, 
where  B  is  the  correction  factor. 

An  attempt  to  determine,  for  the  instrument  employed,  the 
constants  of  the  Higgins  and  Pitman  equation,  using  as 
calibrating  hquids  two  glj-cerol  solutions  ha\'ing  densities 
IjTng  in  the  region  from  1.20  to  1.23,  however,  gave  a  slight 
positive  value  for  B.  This  may  have  been  due  to  some  un- 
knowii  experimental  error,  or  to  the  doubt  which  lies  upon 
the  true  viscosities  for  solutions  of  glycerol  in  this  region.' 
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The  readings  were,  therefore,  converted  to  absolute  %'is- 
cosities  as  follows: 

The  time  for  a  carefully  calibrated  petroleum  oil  ha\nng  a  \-is- 
cosity  of  29.9  centipoises  was  found  to  be  13.5  seconds  with  a 
driving  weight  of  126.9  grams.     The  weight  necessary  to  over- 


'  Herschcl,  Bur.  Standards,  Tech.  Paper  112,  23. 
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come  the  friction  of  the  empty  viscometer  at  a  time  of  13.5  sec- 
onds was  determined  from  Fig.  2  and  subtracted  from  the  driving 
weight.  For  each  observation  a  similar  correction  was  made. 
When  the  time  was  greater  than  25  seconds  a  constant  value  was 
subtracted.  The  absolute  viscosity  was  then  calculated  as 
follows : 


29.9  X 


Observed  time  for  tar  or  pitch 
Observed  time  for  petroleum  oil 


Corrected  weight  for  tar 
Corrected  weight  for  petroleum 
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for  interpolation  purposes,  the  viscosity-temperature  equa- 
tion may  be  expressed  as 

log  Z    =    log  iC  —  M  log  TcOX  z    =   7^^ 

where  z  is  the  viscosity,  iv  is  a  constant,  n  is  a  constant,  and 
T c  is  the  temperature  in  degrees  centigrade. 

A  similar  equation  is  given  by  Bateman'  for  the  change 
in  the  viscosity  of  high-boiling  creosote  and  carbolineum 
oils  with  change  in  temperature.  It  is  perhaps  of  interest 
to  point  out  that  these  interpolation  equations  form  only 
a  special  case  of  the  rather  general  empirical  eciuation  em- 
ployed by  Thorpe  and  Rodgers  in  their  classical  work  on 
viscosity — viz.. 


-  "  (6  -F  r,)" 

This  was  first  proposed  liy  Slotte  '*•' 

In  order  to  indicate  possible  variations  in  the  character 
of  the  viscosity-temperature  curves  for  a  number  of  different 
tars  and  their  soft  pitches,  the  wTiter  has  plotted  such  data. 
In  every  case  the  points  on  log-log  coordinates  obeyed  ap- 
proximately the  straight-line  relationship  shown  on  Figs. 
3  and  4. 

From  the  slopes  and  intercepts  of  the  various  straight  lines 
the  following  approximate  values  for  K  and  n  were  deduced: 


This  procedure  is  not  entirely  satisfactory  and  involves 
certain  assumptions  not  strictly  true.  It  does,  however, 
give  absolute  viscosities  sufficiently  accurate  for  engineering 
purposes.  Moreover,  most  of  the  viscosities  of  the  tars  and 
pitches  measured  are  so  high  that  they  are  undoubtedly 
comparative  inter  se.  The  general  form  of  the  interpolation 
equation  to  be  discussed  later  is,  therefore,  not  seriously 
affected  by  the  friction  correction. 

Much  of  the  criticism  of  Riggs  and  Carpenter  against  the 
Stormer  viscometer  may  be  dismissed,  because  it  was  based 
upon  determinations  made  in  the  region  where  the  friction 
correction  curve  undergoes  a  sharp  bend.  The  instrument 
does,  however,  possess  a  number  of  faulty  features.  Thus, 
the  bath  is  too  small,  making  the  maintenance  of  constant 
temperature  difficult,  and  the  mechanical  suspensions  faulty, 
so  that  it  is  necessary  for  the  operator  to  be  constantly  on 
guard  against  improper  alignments. 

There  is  a  great  need  for  a  satisfactory  viscometer  of  this 
type.  The  absence  of  easily  procured  calibrating  liquids 
of  high  viscosity  has  hitherto  hindered  the  introduction  of 
the  McMichael  viscometer. 

Scope  of  the  Data 

A  survey  of  present  practice  at  a  number  of  plants  using 
tar  as  a  fuel  showed  that  these  installations  in  general  had  little 
or  no  difficulty  in  liandling  this  material  where  its  viscosity 
was  less  than  approximately  100  centipoises,  but  that  pump- 
ing troubles  were  generally  encountered  when  the  viscosity 
rose  above  this  figure.  This  study  was,  therefore,  directed 
towards  the  shape  of  the  viscosity-temperature  curve  in  this 
region. 

The  pitches  examined  were  representative  distillation  resi- 
dues whose  viscosity  in  general  could  be  reduced  to  approx- 
imately 100  centipoises  or  less  within  the  range  of  steam  heat- 
ing. 

Viscosity-Temperature  Curve 

Figs.  3  and  4  illustrate  typical  data  so  obtained.  The 
viscosity-temperature  relationships  can  best  be  shovsii 
graphically  on  log-log  coordinates  in  which  the  temperature 
in  degrees  centigrade  is  plotted  against  the  viscosity  in  centi- 
poises, since  the  resulting  graph  is  a  flat  curve  which  for  all 
practical  purposes  may  be  regarded  as  a  straight  line.     Thus, 


Condition 

Tar 

K- 
S742 

„ 

Raw  tar 
20.2%  oil  off 
22.7%  oil  off 
26.2%  oil  off 

8.23 
16.10 
16.25 
16.90 

3.66 
7.03 
7.00 
7.22 

Tar 

9522 

Raw  tar 
15%  oil  off 
18%  oil  off 
20%  oil  off 

8.04 
13.52 
13.82 
14.90 

3.56 
5.80 
5.85 
6.30 

Tar 

9523 

Raw  tar 
19%  oil  off 
22.3%  oil  off 
26.2%,  oil  off 

8.05 
14. 50 
16.00 
18.30 

3.52 
6.20 
6.85 
7.25 

Tar 

9524 

Raw  tar 
21.2%  oil  off 
22.6%  oil  off 
27%  oil  off 

6.10 
12.90 
13.15 
14.40 

2.58 
5.65 
5.65 
6.20 

Raw  tar 

7.2%  oil  off 
14.2%  oil  off 

Tar 

9525 
10.52 
15.50 
17.20 

4.44 
6.59 
7.06 

Tar 

WS59 

Raw  tar 
22.6%  oil  off 

6.98 
12.30 

3.13 
5.26 

logarithms  given  ha 

k-e  10  a 

s  the  base. 
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'  U.  S.  Dept.  Agr.,  Bull.  1036, 
9  Bingham,    "Fluidity    and    Plast 

Book   Company,  New  York  City. 

9  A  more  exact  approximation  ci 

tliis  general  equation  were  used.     It  i 


54. 


1922,     p.   130.     McGraw-Hill 


ve   would   probably  be  obtained  if 
however,  cumbersome. 
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It  should  of  course  be  remembered  that  these  constants  apply 
only  to  temperature  and  \-iscosity  conditions  within  or  near 
the  limits  adopted  for  this  study. 
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ViscosiTT  OF  Tar  axd  Other  Properties 
The  variation  in  ^-iscosity  from  tar  to  tar  suggests  the  in- 
teresting possibiMty  of  some  correlation  between  this  prop- 
erty and  other  properties.  Unfortunately,  data  upon  these 
tars  were  accumulated  to  meet  certain  technical  exigencies, 
and,  at  the  time,  the  compilation  into  a  \dscosity-temperature 
study  was  not  contemplated,  so  certain  relationships  which 
might  be  of  interest  could  not  be  developed.  Following  is 
some  of  the  information  available: 


Tar 


Specific 
Gravity  at    Water 
No.     15.5°/*°  C.        % 
S742  1 . 183 

9522  1 . 149 

9523  1.165 

9524  1.163 

9525  1 .  237 
10859         1 . 166 


Free 
Carbon 

% 


2.3 
1.5 
1.0 
3.0 
2.0 


Crude 

Tar 

Acids 


0.3 

0.7 
1.4 


Naphtha 
lene 
Cake 
% 
3.2 
2.5 
4.3 
10.5 
3.5 


Cake 
% 
1.6 


o  -Another  sample  gave  4.28  per  cent  free  carbon, 
b  Another  sample  gave  11  per  cent  free  carbon. 

The  relati^•e  oil-pitch 
j-ields  may  be  judged 
by  reference  to  the 
t-able  of  constants  just 
preceding. 

The  percentages  of 
tar  acids  gi\-en  are  the 
percentages  of  crude 
acid  actually  recovered 
from  the  170°  to  235° 
C.  fraction,  while  the 
percentages  of  naph- 
thalene represent  the 
weights  of  dry  naph- 
thalene cake  actually 
recovered  from  the 
170°  to  270°  C.  frac- 
tions. The  distilla- 
tions were  made  in  a  5 
X  7.5  inch,  JajTie  t>-pe, 
tar  still,  using  a  400° 
C.  thermometer,  meet- 
°"  ing    the    thermometer 

specifications  of  A.  S.  T.  M.  D-20-18.  -411  data  were  calcu- 
lated upon  the  raw  tars,  save  the  free-carbon  values.  These 
were  calculated  upon  the  dehj'drated  tars,  as  is  customary  in 
free-carbon  tests. 

•  It  is  generally  held  that  the  \iscosity  of  a  coal  tar  is  re- 
lated to  its  specific  gravity  and  its  free-carbon  content. 
Unfortunately,  data  upon  the  free-carbon  content  of  these 
tars  were  not  complete.  For  another  series  of  tars,  however, 
\iscosit\',"'  specific  gra\'ity,  and  free-carbon  data  were  avaU- 

10  The  viscosities  shown  in  Figs.  7  and  8  were  determined  by  means  of 
the  Saybolt  Universal  viscometer. 


\ 

A 

\ 

^ 

H- 

„„„j 

^:z^ — 1 

~ — ^i — 

— » 

!          /    \ 

^Tr«t< 

1      1     \ 

'      /    \ 

^b 

i  • 

\ 

J.  3     1 

\ 

^    / 

\ 

\ 

V 

t3,i 

j L 

4n 

rfi?"     " 

=%«— 

\ 

1 

/ 

\ 

^_u 

-\ 

1^ 

^ 

1„^_Z 

u..k,« 

, 

able  and  these  are  shown  graphicallj'  in  Figs.  7  and  S.  A 
graphic  comparison  between  the  ^ascosities  of  the  tars  listed 
above  and  their  percentages  of  crude  tar  acids  and  crude 
naphthalene  cake  is  shown  in  Figs.  5  and  6. 

The  data  are  insufficient  to  formulate  a  complete  explana- 
tion of  the  ^•iscosity  of  coke-oven  tars  and  their  pitches  and 
the  change  of  \"iscositj^  with  temperature.  If  speculation  is 
in  order,  it  is  interesting  to  suppose  that  the  pjTogenetic 
poliiTnerization  of  the  oils  and  simple  chemical  compounds 
to  the  pitch  bitumens,  \\ith  the  attendant  formation  of  free 
carbon  and  increase  in  density,  brings  an  increase  in  the  aver- 
age size  of  the  constituent  particle,  with  an  increase  in  \'is- 
cosity.  The  decrease  in  viscosity  ^ith  rising  temperature 
may  be  due  largely  to  a  degeneration  of  the  loosely  bound 
bituminous  aggregates. 

\Miether  such  speculation  may  in  the  future  be  shown  to 
have  a  firm  foundation  in  fact  or  not,  the  data  just  presented 
indicate  that  an  association  does  exist  between  the  ^^scosity, 
free-carbon  content,  and  specific  gra^^ty,  but  that  such  an 
association  is  by  no  means  exact.  The  quantity  of  any  simple 
chemical  indi^•idual,  such  as  naphthalene  or  phenol,  is  ap- 
parently not  indicative  of  the  ^dscosity. 

The  exceptionally  ^•iscous  tar  listed  above  (9525)  is  high 
in  free-carbon  content,  water  content,  specific  gra\dty,  pitch 
jield,  low  in  oil  jdeld,  and  rather  low  in  naphthalene  and 
tar  acids. 

Ch-\xge  of  Viscositt  of  T.uis  and  Pitches  with  Ch-vxcixg 
Oil  Content 
The  experimental  values  detaOed  here  do  not  show  accurate 
correlation  between  the  volume  of  the  oU  distilled  from  the 
tar  and  its  increase  in  \-iscosity  with  such  distillation.  This 
is  no  doubt  partly  due  to  the  fact  that  distillation  losses  of 
var>-ing  magnitudes  occurred  in  the  preparation  of  the 
pitches,  but  many  other  factors  enter.  Thu.«,  it  is  well 
knoT\ii  that  the  oils 
themselves  undergo  an 
increase  in  viscosity 
with  continued  heat- 
ing, ultimateh'  gi^■ing 
the  pitch  resins  or  the 
free  carbon,  and  that 
tliis  increase  depends 
upon  thermal  condi- 
tions and  other  varia- 
bles. The  character  of 
the  pitch  obtained  at 
a  given  oil  jield  may 
therefore  varj^  with 
distillation  conditions. 
A  minor  error  is  the 
partial  crj'^stallization 
of  the  distillates."  Our 
present  information  is 
too  limited  to  permit  a 
correlation  to  be  calcu- 
lated from  any  theoret^ 
ical  considerations.  pic.  e 

The  tar  distiller  and  the  project  engineer,  however,  will 
find  it  necessary  to  estimate  this  change  in  some  manner. 
Given  the  \TSCosities  of  the  tar  and  one  pitch,  a  simple  method 
of  approximating  the  \-iscosity  of  a  pitch  not  greatly  differ- 
ent is  to  assume  that  the  change  in  temperature  for  viscos- 
ities of  approximately  100  centipoises  is  linear  with  the 
amount  of  oil  distUled  from  the  tar.  The  new  curve  is  then 
drawn  on  log-log  coordinates  parallel  to  the  pitch  curve  al- 
ready known. 

"  Hu£f,  This  Jocrnjii..  10,  1017  (191S). 
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In  cut-back  operations,  where  the  oil  is  added  to  tlie  piteli 
and  the  viscosity  of  each  is  known,  tiie  viscosity  of  the  mix- 
ture ma}^  be  calculated  from  an  equation  given  by  Bateman'- 
— \-iz.,  Vm  =  {Vt^){Vc'^~f)  where  Fmis  the  viscosity  of  the 
solution,  Vt  the  viscosity  of  the  tar,  and  Vc  the  viscosity  of 
the  oil,  and  p  is  the  percentage  of  tar  used  expressed  as  a 
decimal. 


Application  op    the 

Viscosity-Temper- 

ATUKE  Data   in 

Design 

The  application  of 
v  i  sc  0  sity-temperature 
data  to  engineering 
problems  in  the  design 
of  piping  is  so  impor- 
tant and  so  often  mis- 
understood that  a  brief 
abstract  of  a  satisfac- 
tory procedure  appears 
to  be  justified. 

The  movement  of 
liquids  in  tubes  may 
occur  in  either  of  two 
conditions,  viscous 
The  first  is  ex-pressed 


form  if  /  =  0.00207 


Dvi 


This  applies  to    viscous    flow. 
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(straight  line  flow)  or  turbulent  flow. 
b>'  the  law  of  Poiseuille: 

0.000668: 
P  =  JTT- 


and  the  second  by  the  modified  Fanning  eciuation: 
0 .323  flsv'- 
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where  P  =  pressure 
drop  (pounds 
per  square 
inch) 

z  =  viscosity  of 
the  liquid  (in 
centipoises) 

i  =  specific  grav- 
ity of  the  liq- 
uid (referred 
to  water  at  4  ° 
C.) 

/  =  length  of 
pipe  (feet) 

D  =  inside  diam- 
eter of  the 
pipe   (inches) 

V  =  average  lin- 
ear velocity 
in  pipe  line 
(feet  per  sec- 
ond) 

f  =  Fanning  fric- 
tion factor 


Between  these  two  con- 
ditions there  exists    a 
critical    region    which 
for  conmiercial    pipe    lines    is    fixed    by    the    relationship 

— -  =  approximately  0.12.     In  this  region  the  flow  is  irrcg- 

iilar   and  may  take  on  the  characteristics  of  either  region. 
Blausius  has  pointed  out  that  the  equations  take  the  same 

"  U.  S.  Dept.  Asr..  B:dL  1036,  S3. 


A  number   of  experimenters   have  developed  relations  be- 
tween  —  and  turbulent  flow  effects.     At  the  suggestion 
z 

of  W.  K.  Lewis,  this  correlation  has  recently  been  investi- 
gated in  detail  and  applied  to  commercial  installations  by  a 
group  of  workers  at  the  Massachusetts  Institute  of  Tech- 
nology. The  results  of  this  work  were  published  by  Wilson, 
McAdaras,  and  Seltzer.'^  These  show  that  the  turbulent 
flow  curve  for  commercial  pipe  lines  may  be  approximated 
l)y  the  equation: 
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Fig.  9 

or  more  exactly  by  the  eciuation 

/  =  0.0035  -1-  0.00594(25^)°"' 

A  graph  for  this  equation  is  given  in  the  paper  cited. 

With  this  information  it  is  possible  to  calculate  readily' 
the  pressure  drop  in  pipe  lines  conv-eying  tars  or  pitches  in 
either  viscous  or  turbulent  fiow.'^ 

The  first  step  involves  the  calculation  of  — .     If  this  is 

less  than  0.12,  showing  viscous  flow,  the  Fanning  friction  co- 
efficient is  calculated  by  the  equation  of  Blausius  given  above 

—namely,  /  =  0.00207  -^ .     If  it  is  greater  than  0.12,  the 

value  of  /  for  turbulent  flow  is  calculated  according  to  the 
appropriate  equation  of  Wilson,  McAdams,  and  Seltzer. 

If  the  pipe  line  contains  90-degree  elbows  and  the  flow  is 
turbulent,  a  correction  equal  to  30  diameters  for  each  elbow 
is  added  to  the  length  of  straight  pipe.  If,  however,  the  flow 
is  viscous,  data  given  by  the  last-named  authors  show  that 
this  correction  factor  drops  ofY  to  a  value  of  approximately 


2. .5  diameters  where  —  is  0.003  or  less. 


Between  the  co- 
Dva 


ordinates  diameter  30,  —  =  0.12;  and  chameter  2.5, 

2  i 

0.003;    on  log-log  paper^  this  correction  curve  approximates 

n  Thi5  JouRN.il,  14,  105  (1922).  The  writer  is  indebted  to  this  article 
for  the  information  contained  in  this  section. 

1*  A  very  similar  equation  had  previously  been  proposed  by  Lees  for 
turbulent  flow  in  smooth  pipes. 

'5  At  the  higher  viscosities,  tar  and  pitch  may  take  on  the  properties 
of  a  plastic  solid.  It  therefore  appears  advisable  to  so  design  the  piping 
equipment  that  viscosities  of  100  centipoises  or  less  may  be  always  secured 
Cf.  A.  Pochettino,  NiM'O  cimenlo.  8,  77  (1911).  from  C.  .-1..  11,  2980  (1917). 
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Di's 
a  straight  line.     For  values  of  —  below  0.003,  2.5  D  may 

be  taken  as  the  correction.'^ 

Ivnowing  /  and  the  corrected  value  for  I.  it  is  then  only 
necessary  to  substitute  these  values  in  the  Fanning  equation: 


P  = 


0,323/to= 
D 


This  is  done  irrespective  of  whether  the  flow  is  viscous  or  tur- 
bulent. 

Coal  tar  and  its  pitches  show  a  tendency  to  deposit  solid 
matter  on  horizontal  surfaces,  thus  restricting  the  effective 
diameter.  Accordingly,  a  large  factor  of  safety  should  be 
allowed  in  the  appUcation  of  these  calculations. 

Specific  Gr.uities  of  T.\j{S  axd  Pitches 

To  apply  this  procedure  it  is  necessary  to  have  some  in- 
formation on  the  specific  gra\'ities  of  the  tars  and  pitches  and 
the  change  of  specific  gra\'ity  with  temperature.  Above  are 
given  some  typical  specific  gra\'ities  for  raw  coke-oven  tars 
at  15.5°  C.  The  change  in  specific  gra\-ities  with  tempera- 
ture can  be  calculated  bj-  reference  to  Fig.  9,  which  shows 
approximately  the  change  in  volume  of  an  average  coke- 
's If  /  is  less  than  300  diameters,  further  corrections  must  be  applied. 
See  Herschel,  Proc.  Am.  Soc.  Civil.  Ens.,  84,  327  (1921),  from  Wilson,  Mc- 
Adams  and  Seltzer,  Ibid.,  84,  118  (1921). 


oven  tar  and  of  an  average  soft  pitch  with  change  in  tempera- 
ture. Values  so  represented  are  only  approximate,  because 
the  coefficient  of  expansion  varies  with  the  tar  and  pitch  and 
also  with  the  temperature,  but  present  information  does  not 
justify  refinements  beyond  simple  hnear  relations  as  shown, 
and  these  are  probably  sufficiently  accurate  for  all  ordinary 
engineering  data. 

The  specific  gravity  of  the  pitch  residue  at  15.5°  C.  rises 
rapidly  at  first  as  the  water  and  lighter  oils  are  distilled  from 
the  tar;  after  that  it  changes  rather  slowly  as  the  specific 
gra\-ity  of  the  distUlate  approaches  the  specific  gravity  of 
the  residue.  The  change  in  specific  gra\'ity,  like  the  change 
in  \iscosity,  is  probably  influenced  by  the  pohiiierization  of 
the  oUs  during  distillation. 

Following  are  some  typical  specific  gra\'ities: 


Condition 
Raw  tar 
21.2%  oil  off 
22.6%  oil  off 
27%  oil  oft 


Specific  Gra 
at  15.5°/4"' 
1.16 
1.233 
1.243 
1.246 
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Higher  Alcohols  from  Petroleum  Olefins' 


By  W.  W.  Clough  and  Carl  O.  Johns 

\RD  Oil  Comp.^ny  of  New  Jersey,  Elizabeth.  N.  J. 


This  paper  presents  the  chemical  properties  and  physical  con- 
stants of  some  secondary  higher  alcohols  manufactured  from  the 
olefins  formed  in  the  commercial  cradling  of  petroleum  oils.  New 
azeotropic  mixtures  of  some  of  these  alcohols  with  water  and  with 
the  alcohols  and  their  acetates  are  described.  The  alcohols  obtained 
by  this  process  thus  far  have  all  been  normal  secondary  alcohols. 
The  availability  of  this  series  of  alcohols,  all  of  which  have  hitherto 


been  very  rare,  should  furnish  the  organic  chemist  with  raw  materials 
for  the  synthesis  of  a  wide  range  of  organic  compounds.  A  few 
derivatives  of  the  alcohols  are  described  and  some  of  these  will  add 
to  our  list  of  organic  solvents.  This  process  constitutes  one  of  the 
few  cases  in  which  the  by-products  of  the  petroleum  refinery  hate 
been  employed  on  a  commercial  scale  for  the  synthesis  of  organic 
compounds. 


CRUDE  petroleum  is  practically  devoid  of  olefins, 
but  these  compounds  are  formed  in  large  quantities 
in  the  p^Tolytic  decomposition  of  mineral  oils  at 
elevated  temperatures.  Since  pjTolysis  is  carried  out  on  an 
extensive  scale  in  the  cracking  of  the  hea\'ier  oils  to  produce 
gasoline,  a  very  large  supply  of  olefins  is  available  from  this 
source. 

The  chemistry  of  cracking  of  oils  is  not  fuUy  known,  since 
the  decomposition  may  proceed  in  various  ways  according 
to  the  conditions  employed  and  the  chemical  constitution 
of  the  molecules  which  are  cracked.  There  is  e\idence, 
however,  that  in  its  simplest  form  cracking  consists  in  the 
sphtting  of  the  large  molecules  into  saturated  and  unsaturated 
hydrocarbons.  Thus,  decane  might  decompose  into  pen- 
tane  and  amylene  as  foUows: 

CH3.(CH,:is.CH3  =  CH3.(CH,)c.CH3  -|-  CH3.(CHo)j.CH  =  CH, 
Decane  Pentane  Amylene 

Olefins  combine  with  sulfuric  acid  to  form  alkyl  acid  es- 
ters and  when  such  acid  esters  are  hydrolyzed  they  produce 
alcohols  and  sulfuric  acid.  These  reactions  may  be  shown 
as  foUows: 

1  Presented  before  the  Division  of  Petroleum  Chemistry  at  the  65th 
Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn..  April  2 
to  7,  1923. 


CH3.CH  =  CH.  -I-  HiSO,  =  CH3.CH(HSO,).CH3 
Propylene  Secondary  propyl  sulfuric  acid 

CH3.CH(HSOj).CH3   +   H2O    =    CH3.CHOH.CHs  -f   H^SO, 
Isopropyl  alcohol 

The  discovery  by  Mann  and  WUhams,^  that  a  mixture  of 
a  mineral  oil  and  sulfuric  acid  promotes  the  formation  of 
esters,  is  an  important  step  in  the  development  of  a  practical 
process  of  manufacturing  alcohols  from  refinery  gases.  Work- 
ing under  assigned  patents,  the  Standard  Oil  Company  of 
New  Jersey  has  developed  and  is  operating  a  commercial 
process  for  the  manufacture  of  higher  alcohols  from  the 
olefins  in  pressure  stUl  gases.  Alany  difficulties  had  to  be 
overcome  in  transferring  the  process  from  a  laboratory  to  a 
commercial  scale.  The  success  wliich  has  been  attained  is 
chieflj^  due  to  the  persistent  efforts  of  ]\I.  D.  Mann,  Jr.,  who 
designed  the  alcohol  plant  and  has  charge  of  it. 

The  gases  which  are  used  for  the  manufacture  of  the  al- 
cohols contain  a  mixture  of  olefhis  from  which  isopropyl 
and  secondary  butyl,  amyl,  hexyl,  heptyl.  and  octyl  alcohols 
are  obtained.  These  are  produced  in  decreasing  proportions 
in  the  order  just  stated.  All  of  these  alcohols  made  thus  far 
in  a  pure  state  have  been  normal  secondary  alcohols — that 
is,  alcohols  containing  the  hydro.xy  group  on  the  second  car- 

'  U.  S.  Patent  1,365,043  (1921). 
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bon  atom  of  a  straight-chain  hydrocarbon.  Although  ethyl- 
ene is  present  in  the  gases,  there  is  no  evidence  of  the  forma- 
tion of  ethyl  alcohol  as  the  process  is  now  operated. 

IsoPROPYL  Alcohol,  2-Propanol 

The  rectified  alcohoP  is  obtained  as  a  constant  boiling 
mixture  containing  91  per  cent  of  alcohol  and  9  per  cent  of 
water  by  volume.  This  mixture  boils  at  80.4°  C.  and  has 
a  specific  gravity  of  0.816  at  20°/'4°  C.  It  is  easier  to  de- 
hydrate than  is  ethyl  alcohol  and  a  short  digestion  with  ex- 
cess of  caustic  soda  and  subsequent  distillation  gives  a  prac- 
tically anhydrous  alcohol  which  boils  at  82.4°  C,  with  a 
specific  gravity  of  0.785  at  20°/4°  C.  Isopropyl  alcohol  is 
miscible  in  all  proportions  with  water,  but  may  be  salted  out 
by  saturating  the  solution  witli  sodium  chloride  or  other 
salts  or  with  sodium  hydroxide.  The  isopropyl  alcohol 
now  marketed  is  a  colorless  liquid  having  a  somewhat  bitter 
taste  and  a  characteristic  alcoholic  odor  different  from  that 
of  ethyl  alcohol  but  pleasant  and  free  from  the  odors  of  the 
crude  product. 

AzEOTROPic  Mixture  of  Isopropyl  Alcohol  and  Iso- 
propyl Acetate — This  constant  boiling  mixture  has  not 
hitherto  been  described.  It  boils  at  80.1°  C.  and  760  ram., 
and  consists  of  52.3  per  cent  of  isopropyl  alcohol  and  47.7 
per  cent  of  isopropyl  acetate  by  weight.  It  has  a  specific 
gravity  of  0.8191  at  20°/4°  C.  It  has  a  pleasant  odor  and  is 
an  excellent  solvent  for  many  organic  compounds. 

Isopropyl  Chloride'' — This  compound  is  easily  made  by 
slowly  distilling  a  mixture  of  isopropyl  alcohol  and  concen- 
trated aqueous  hydrochloric  acid.  To  insure  the  best  re- 
sults it  is  necessary  to  employ  a  column  of  sufficient  frac- 
tionating capacity  to  permit  the  chloride  to  distil  over  with 
as  little  alcohol  as  possible.  This  is  relatively  easy  since  the 
chloride  boils  at  36.5°  C.  and  the  alcohol  at  80.4°  C.  Iso- 
propyl chloride  is  an  excellent  solvent  for  fats,  and  while  it 
may  be  ignited  it  burns  slowly  and  the  flame  is  easily  ex- 
tinguished. 

Secondary  Butyl  Alcohol,  2-Butanol 

This  alcohol,  which  has  been  known  hitherto  only  as  a  rare 
laboratory  chemical,  is  now  available  in  commercial  quan- 
tities at  a  low  price.  Former  investigators  usually  prepared 
it  for  experimental  purposes  by  reducing  methylethyl  ketone 
with  sodium.  This  method  was  used  by  Norris  and  Green, ^ 
who  have  published  an  extensive  investigation  on  this  al- 
cohol and  its  derivatives.  In  a  recent  very  excellent  paper, 
Brunei,  Crenshaw,  and  Tobin*  state  that  they  prepared 
secondary  butyl  alcohol  from  the  corresponding  ketone  by 
reduction  with  hydrogen  under  pressure,  using  nickel  oxide 
as  catalyst. 

AzEOTROPic  Mixture  of  Secondary  Butyl  Alcohol 
AND  Water — When  the  aqueous  solution  containing  the  mix- 
ture of  soluble  alcohols  resulting  from  the  hydrolysis  of  the 
acid  esters  is  rectified,  the  constant  boiling  mixture  of  iso- 
propyl alcohol  and  water  distils  over  at  80.4°  C.  From  this 
residue,  if  sufficient  water  is  present,  the  secondary  butyl 
alcohol  distils  over  as  a  constant  boiling  mixture  with  water 
at  87.5°  C. 

As  far  as  the  writers  have  been  able  to  ascertain,  this  azeo- 
tropic  mixture  is  not  described  in  the  literature.  It  was  dis- 
covered by  Mann  and  Lebo  in  the  alcohol  plant  of  this  com- 
pany while  fractionating  an  aqueous  solution  which  con- 
tained chiefly  secondary  butyl  alcohol  admixed  with  a  small 

>  Grantand  Johns,  ^m.  J.  Pharm.,9t,  418  (1922);  Lebo,  7.  Am.  Chem. 
Soc,  43,  1005  (1921);    Curme,  Chem.  Mel.  Eng..  2S,  1049  (1921). 

»  Linneman,  Ann.,  136,  41  (1865);  Grant  and  Johns,  Am.  J.  Pharm., 
94,  424  (1922);    U.  S.  Patent  1.436,377  (1922). 

>Am.  Chem.   J.,  26,   301    (1901). 

'J.  Am.  Chem.  Soc,  43,  561  (1921). 


proportion  of  other  alcohols.  The  initial  fractionation 
was  made  on  a  charge  of  1000  gallons  with  a  30-plate,  20- 
foot  fractionating  column.  A  portion  of  this  distillate  was 
later  re-run  in  a  glass  laboratory  still,  which  has  also  been 
used  for  the  final  fractionation  of  the  other  distillates  de- 
scribed in  this  paper.  This  still  was  designed  by  Buc  and 
consists  of  a  glass  column  2  meters  high  and  of  5  cm.  internal 
diameter.  The  column  is  filled  with  glass  tubes  with  an  in- 
ternal diameter  of  about  5  mm.  and  25  mm.  long.  These 
tubes  are  constricted  somewhat  at  both  ends  and  are  placed 
in  the  column  so  that  the  liquid  will  readily  drain  out  of  them. 
This  fractionating  column  can  readily  be  adapted  to  stUls 
of  different  sizes. 

A  portion  of  the  secondary  butyl  alcohol  which  had  pre- 
viously Iseen  fractionated  m  the  large  still  was  re-run  in  the 
glass  still  and  was  found  to  boil  at  a  constant  temperature 
of  87.5°  C.  and  760  mm.  It  had  a  specific  gravity  of  0.8620 
at  20°/4°  C.  and  contained  72.7  per  cent  of  alcohol  by  weight 
and  77.72  per  cent  by  volume. 

I*URIFICATI0N  AND    DEHYDRATION   OF    SECONDARY    BUTYL 

Alcohol — The  first  lot  of  pure  anhydrous  alcohol  was  pre- 
pared by  drying  over  sodium  hydro.xide  a  mixture  consisting 
of  isopropyl,  secondary  butyl,  and  a  small  proportion  of  still 
higher  alcohols.  This  did  not  remove  all  the  water,  but  on 
distillation  the  isopropyl  alcohol  carried  over  some  water 
and  as  the  temperature  rose  the  remainder  was  carried  over 
with  the  first  portion  of  the  secondary  butyl  alcohol.  It 
was  very  easy  to  obtain  pure  anhydrous  secondary  butyl 
alcohol  m  this  manner  by  fractionating  three  or  four  times. 
A  second  lot  of  pure  alcohol  was  prepared  by  dehydrating 
the  azeotropic  mixture  of  secondary  butyl  alcohol  and  water 
with  sodium  hydro.xide  and  then  distilling  the  alcohol  over 
aluminium  amalgam.  This  method  gave  pure  anhydrous 
alcohol  very  readily. 

Determin.\tionof  the  Boiling  Point  of  the  Alcohol — 
Since  ample  quantities  of  secondary  butyl  alcohol  which  had 
been  purified  by  the  foregoing  methods  were  available,  the 
boiling  point  determinations  were  made  by  means  of  the  glass 
still  previously  described,  using  two  accurate  Anschutz 
thermometers.  The  boilmg  point  of  both  lots  of  purified 
alcohol  was  99.40°  C.  at  760  mm.     Brunei,  Crenshaw,  and 

dT 
Tobin  obtained  99.53°  C.  at  760  mm.     The  value  for  — 

dp 

in  degrees  per  millimeter  pressure  was  0.036,  or  the  same  as 

that  found  by  these  authors. 

Determination  of    Specific    Gravity — Determinations 

were  made  in  a  50-cc.,  vacuum-jacketed  specific  gravity 

bottle.    The  following  results  were  obtained: 


D  15V4°  c 
0.8104 


D20V4° 
0.8063 


D25°/4°  C. 
0.8027 


The  density  at  25°  C.  agrees  with  that  obtained  by  Brunei, 
Crenshaw,  and  Tobin. 

The  following  alcohol-water  mixtures  were  made  by  weigh- 
ing the  alcohol  and  water  in  a  glass-stoppered  bottle,  and  the 
specific  gravities  were  determined  at  20°/4°  C: 


cent  Alcohol  by 

Weight 

Z3  20°/4°C 

100.00 

0.8063 

89.50 

0.8281 

79,60 

0.8465 

69.31 

0.8682 

64.17 

0.8797 

Immiscible 

17.85 

0.9732 

10.00 

0.9842 

0.00 

0.9982 

The  results  were  plotted  to  a  large  scale  on  cross-section 
paper  so  that  0.01  per  cent  of  the  volume  and  0.0002  of  the 
specific  gravity  could  be  read.    These  points  were  connected 
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by  a  smooth  curve  and  from  this  the  following  table  was  con- 
structed. The  temperature  correction  table  was  constructed 
by  taking  the  specific  gravities  of  the  alcohol-water  mixtures 
at  1574°,  2074°,  and  2574°  C. 

Table  I — SpEcii'ic  Gravity  of  Secondary  Butyi,  Alcohol- Water  Mix- 


TURES  at 

20V4°  C. 

Per  cent 

Specific 

Per  cent 

Per  cent 

Specific 

by  Volum 

e     Gravity 

by  Weight 

by  Volume 

Gravity 

0 

0.9982 

73 

77.99 

0.8614 

1.24 

0.9968 

74 

78.87 

0.8594 

2.47 

0.9954 

75 

79.75 

0.8574 

3.70 

0.9940 

76 

80.63 

0 . 8554 

4.92 

0.9926 

77 

81.50 

0.8534 

6.14 

0.9912 

78 

82.36 

0  8514 

7.36 

0.9898 

79 

83.22 

0.8493 

8.58 

0.9884 

80 

84.07 

0.8473 

9.79 

0.9870 

81 

84.92 

0.8453 

11.00 

0.9856 

82 

85.76 

0.8433 

12.21 

0.9842 

83 

86.60 

0.8413 

13.41 

0  9828 

84 

87.44 

0.8393 

14.61 

0.9814 

85 

88.27 

0.8373 

15.80 

0.9800 

86 

89.09 

0.8352 

16.99 

0.9786 

87 

89.90 

0.8332 

18.18 

0.9772 

88 

90.71 

0.8311 

19.36 

0.9758 

89 

91.51 

0.8291 

20.54 

0.9744 

90 

92.31 

0.8270 

21.55 

0.9732 

91 

93.10 

0.8249 

Immiscible 

92 

93.89 

0.8229 

69.97 

0.8792 

93 

94.67 

0.8208 

70.74 

0.8775 

94 

95.45 

0.8188 

71.67 

0.8756 

95 

96.22 

0.8167 

72.59 

0.8737 

96 

96.99 

0.8147 

73.51 

0.8716 

97 

97.76 

0.8127 

74.42 

0.8696 

98 

98.52 

0.8106 

75.32 

0.8675 

99 

99.27 

0.8085 

76.21 

0.8655 

100 

100.00 

0.8063 

77.10 

0.8634 

Table  II — Temperature  Correction 

(Change 

in  specific  gravity  per  degree  c 

entigrade) 

Strength 

Alcohol 

Percent 

Correction 

10 

0.00035 

16 

0.00044 

Immiscible 

65 

0.000: 

?7 

70 

0.000: 

77 

80 

0.000' 

77 

90 

0.000: 

■7 

too 

0.00077 

Secondary  Butyl  Acetate— This  compound  was  made 
by  refluxing  1  mol  of  secondary  butyl  alcohol  with  1  mol 
of  acetic  anhydride  until  the  reaction  was  complete.  After 
washing  with  water,  neutraUzing  with  sodium  carbonate, 
and  drying  over  calcium  chloride,  the  ester  distilled  at  112.2° 
C.  and  760  mm.  Norris  and  Green  report  a  boiling  point 
of  this  ester  at  111.5°  to  112°  C.  at  744  mm.  The  specific 
gravity  of  the  ester  obtained  by  the  writers  was  0.8701  at 
20°/4°  C. 

AzEOTROPic  Mixture  of  Secondary  Butyl  Alcohol 
AND  Secondary  Butyl  Acetate — The  mixture  boiled  at 
99.60°  C.  at  758  mm.  and  consisted  of  86.3  per  cent  of  sec- 
ondary butyl  alcohol  and  13.7  per  cent  of  the  ester  by  weight. 
Its  specific  gravity  at  20°/4°  C.  was  0.8137.  It  possessed 
a  characteristic  ester  odor. 

Secondary  Butyl  Chloride,  2-Chlorbutane — This 
compound  was  made  in  the  same  manner  as  isopropyl  chloride 
and  the  reaction  proceeded  verj'  easily.  The  boiling  pomt 
of  the  chloride  was  68°  C.,'  at  760  mm.  It  had  a  pleasant 
odor  and  was  a  good  solvent  for  fats  and  waxes. 

Secondary  Amyl  Alcohol,  2-Pentanol 

This  was  fractionated  from  a  mixture  containing  the  amyl 
alcohol  together  with  some  water  and  other  alcohols.  In 
this  way  a  large  fraction  boiling  between  118°  and  120°  C. 
was  collected.  This  was  refractionated  until  a  constant 
boiling  point  of  119.2°  C*  at  760  mm.  was  attained.  This 
alcohol  had  a  specific  gravity  of  0.8088  at  20°/4°  C. 

I  Estreicher,  Ber.,  SS,  438  (1901);  Norris  and  Green,  Am.  Chem.  J., 
26,  307  (1901). 

•Wagner  and  Saizew,  Ann.,  179,  319  (1875);  Bielohoubek,  Ber.,  9, 
925  (1876). 


At  20°  C,  100  grams  of  secondary  amyl  alcohol  dissolved 
11.2  grams  of  water  and  100  grams  of  water  dissolved  4.2 
grams  of  the  alcohol. 

Table    III — Specific    Gravity    of    Secondary    Amyl  Alcohol-Water 


Mixtures  at  20V4°  C. 


Per  cent 

Per  cent 

by  Weight 

by  Volume 

89.8 

91.67 

90 

91.76 

91 

92.59 

92 

93.43 

93 

94.26 

94 

95.09 

95 

95.92 

96 

96.75 

97 

97.57 

98 

98.38 

99 

99.19 

100 

100.00 

Specific 
Gravity 
0.8299 
0.8295 
0.8275 
0.8255 
0.8235 
0.8214 
0.8193 
0.8172 
ft.  8151 
0.8130 
0.8109 
0.8088 


Secondary  Amyl  Chloride,  2-Chlorpentane — This 
compound  was  made  in  the  same  manner  as  isopropyl  chloride 
and  secondary  butyl  chloride.  It  boiled  at  96°  C  at  760 
mm.  It  also  had  a  sweet  odor  and  was  a  good  solvent  for 
fats  and  waxes. 

Secondary  Hexyl  Alcohol,  2-Hexanol 

This  alcohol  was  fractionated  from  a  mixture  of  higher 
alcohols.  A  boiling  point  of  139.4°  to  139.6°  C.">  was 
obtained.  This  is  within  0.5  degree  of  the  boiling  points 
given  in  two  of  the  three  papers  referred  to.  The  alcohol 
had  a  specific  gravity  of  0.8159  at  20°/4°  C. 

Alcohols  Higher  than  Hexyl 

After  the  removal  of  all  the  alcohols  up  to  and  including 
secondary  hexyl  from  the  mixture  obtained  in  the  alcohol 
process,  there  remains  an  oily  Uquid  which  contains  alcohols 
still  higher  than  tliose  already  described.  From  this  residual 
Uquid  have  been  isolated  two  alcohols  with  the  characteristics 
of  secondary  heptyl  (2-heptanol),  and  secondary  octyl  al- 
cohol (2-octanol).  The  properties  of  these  two  alcohols 
have  not  yet  been  definitely  determined  and  further  work  is 
in  progress. 

Higher  Alcohols  in  Organic  Syntheses 

All  the  alcohols  described  here  are  now  available  in  com- 
mercial quantities,  with  the  exception  of  the  hexyl,  heptyl, 
and  octyl.  While  they  may  be  used  as  solvents,  it  is  apparent 
to  the  organic  chemist  that  the  availability  of  these  hitherto 
very  rare  alcohols  opens  up  an  extensive  field  for  their  use 
in  organic  syntheses.  While  only  a  few  derivatives  have  been 
mentioned  in  this  paper,  several  others  have  been  prepared. 
It  is  probable  that  some  of  these  alcohols  or  their  deri\'atives 
may  find  use  in  cosmetics  and  pharmaceutical  preparations. 

•  Przewalski,  Chem.  Zenlr.,  1909,  11,793;  Wagner  and  Saizew,  ^nti., 
179,  321  (1875). 

'"  Ponzio,  Gazz.  chim.  Hal.,  31,  I,  404  (1901);  Sabatier  and  Senderena, 
Compl.  rend.,  1ST,  302  (1903);  Zelinsky  and  Przewalski,  Chem.  Zenlr., 
1908,  II,  1855. 
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Some  Factors  Which  Affect  the  Plasticity  of  a  Paint' 


By  Eugene  C.  Bingham  and  Alfred  G.  Jacques 


Lapayettb  College,  Easton,  Pa. 


EARLIER  work  by 
Booge,  Bingham, 
and  Bruce^  proved 
that  when  two  paints  are 
rarefuUy  prepared  under 
supposedly  identical  condi- 
tions so  as  to  be  identical 
in  other  properties,  the 
plasticities  of  the  two  paints 
may  be  considerably  dif- 
ferent. This  work  makes  it  liighly  desirable  to  conduct  an 
intensive  studj'  of  the  factors  which  influence  the  plasticity. 

CoNDiTioN.s  OF  Grinding 

An  Abbe  ball  mill  revolving  at  88.5  r.  p.  m.  was  used  as  in  a 
pre\'ious  investigation.  The  writers'  effort  has  been  confined 
to  a  study  of  the  changes  in  plasticity  with  the  time  of  grinding. 
Paint  B  was  made  to  contain  65  per  cent  by  weight  of  Gold 
Seal  Bechton  White  Lithopone  and  35  per  cent  of  acid-refined 
linseed  oil.  The  oil  was  first  added,  the  pigment  then  stirred 
in,  and  finally  the  pebbles  were  added.  The  paint  samples 
were  remo\ed  periodicaDy,  evacuated,  and  measured  with 
the  Bingham  and  Green  plastometer. 

A  second  paint,  C,  was  made  with  the  same  ingredients 
but  with  60  per  cent  of  lithopone  and  40  per  cent  of  oU.  In 
tliis  case  only  one-half  of  the  pigment  was  added  during  the 
first  half  hour  of  grinding.  The  remainder  was  added  in  four 
portions  with  3  minutes  of  grinding  between  each  addition. 
The  time  of  grinding  was  then  reckoned  from  the  time  of  the 
last  adcUtion. 


It  is  practicable  to  express  quantitatively  the  effects  produced 
upon  a  paint  by  long  continued  grinding,  by  changing  the  concen- 
tration of  pigment,  by  adding  soaps,  water,  mineral  oil,  or  deflocca- 
lating  agents,  etc.  Since  the  yield  value  and  mobility  are  inde- 
pendent properties,  these  factors  affect  now  one  of  these  properties, 
then  the  other,  and  sometimes  both  simultaneously.  This  inde- 
pendence and  the  occasionally  prodigious  magnitude  of  the  effects 
enhance  the  importance  of  the  plasticity  method. 


Table  I — Chance  i 

Time  of  Grinding 

Hours 


Mobility 
Point  B,  65  per  cent  lithopone  and  35  per  cent 
Density  =  1.SS5,   temperature  =  25°  C, 


Paint  during  Grinding 
Yield  Value  Dynes 


6  0.3S 

0.38 

0.36 

0.31 

0.26 

0.22 
!r  cent  lithopone  and  40  per  cent  acid- 
1.742,  temperature  =  25°  C. 

0.62 

0.64 

0.61 

0.63 

0.62 

0.60 

0.56 


Sq. 
cid-refined  linseed  oil 
piltary    No.  10' 
210 
110 
100 
105 
115 
110 
'.fined  linseed  oil 
capillary  No.  13 
250 
200 
110 


The  method  of  adding  the  ingredients  with  Paint  C  is  a 
decided  improvement,  for  during  the  first  part  of  the  mixing 
the  paint  is  stiff,  with  high  yield  value  and  low  mobility,  as 
will  be  seen  later,  and  the  ball  mill  may  cease  to  function  as  a 
mi.xer.  It  is  desirable,  therefore,  to  have  the  concentration 
of  pigment  much  lower  at  the  start  than  later  when  the  oil 
is  thoroughly  incorporated.  It  has  been  found  experimen- 
tally that,  even  after  several  hours  of  attempted  mixing,  the 
paint  may  be  so  inhomogeneous  that  on  subjecting  it  to 
shear  in  the  plastometer  the  more  mobile  portions  will  flow 
out  through  the  capillary,  so  that  the  paint  remaining  in  the 

•  Presented  before  the  Div^ion  of  Physical  and  Inorganic  Chemistry  al 
the  65th  Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn., 
April  2  to  7,  1923. 

'  Proc.  .4  m.  Soc.  Testing  Materials,  22,  II,  420  (1922). 

'/i/d.,22,  446  (1922). 


plastometer  becomes  con- 
tinually stiffer.  Needless 
to  say,  it  is  impossible  to 
obtain  consistent  values 
during  this  stage  in  the 
mixing. 

A  summary  of  the  data 
obtained  from  Paints  B 
and  C  is  given  in  Table  I. 
The  results  prove  that 
the  jdeld  value  falls  off  rapidly  as  the  grinding  proceeds  and 
reaches  a  constant  value  after  a  long  time,  much  longer 
than  was  at  first  supposed,  which  under  the  conditions  here 
employed  is  about  30  hours.  The  mobility  increases  at  first 
slightly  and  then  falls  off.  The  maximum  was  reached  in 
the  writers'  experiments  in  about  30  hours. 

Bingham,  Bruce,  and  Wolbach*  ground  a  65  per  cent  litlio- 
pone  paint  with  acid-refined  linseed  oil  for  16  hours,  and 
obtained  a  jield  value  of  146  and  a  mobility  of  0.36.  They 
diluted  this  paint  down  to  a  composition  of  60  per  cent  litho- 
pone and  40  per  cent  oU,  and  obtained  a  yield  value  of  lOS 
and  a  mobility  of  0.62.  The  mobUities  obtained  by  the  writ- 
ers agree  fairly  well  ■nith  those  of  Bingham,  Bruce,  and 
Wolbach,  but  their  yield  values  are  considerably  higher  than 
the  final  yield  value  obtained  by  the  wiiters,  although  not  so 
high  as  the  first  values  obtained.  It  is  noted  that  the  first 
yield  value  observed  after  many  hours  of  grinding  is  more  than 
100  per  cent  higher  than  its  final  value. 

Table  II — Change  of  Plasticity  with  Concentration — 25°  C. 

Weight  Percentage         . Mobility ^     ^ Yield  Value ^ 

of  Lithopone  Observed         Calculated      Observed         Calculated 

Paint  F,  Bechton  While  Gold  Seal  Lithopone  of  density  4.30,  suspended  in 
mineral  oil  containing  2  per  cent  of  oleic  acid,  density  0.8751 

65.0  0.46  0.54  1010  980 

62.5  0.53  0.60  810  840 

60.0  0.64  0.66  720  710 

55.0  0.78  0.78  4,30  440 

50.0  0.96  0.90  280  170 

45.0  1.03  1.02  230  0 

35.0  1.30  1.27  115 

25.0  1.63  1.51  95 

15.0  1.78  1.75  40 

0.0  2.11  2.11  0 

Paint  G,  Becliton  While  Gold  Seal  Lithopone  of  density  4.30,  suspended 


mixture  of  equal  parts  bv  weight  of  J 
density  0.9001 
65.0 


al  oil  and   acid-refined  linseed  oil. 


60.0 
55.0 
50.0 
45.0 


0.43 
0.54 
0.63 
0.75 
0.93 
1.09 
1.42 
1.67 


0.64 
0.79 
0.93 
1.08 


970 
820 
650 
315 
270 
120 


970 
810 
650 
320 


C0NCENTR.\TION  OF  THE  DISPERSE  Ph.\SE 

Bingham,  Bruce,  and  Wolbach^  found  simple  relations 
when  the  yield  values  and  mobilities  of  paints  of  different 
concentrations  were  measured.  In  their  experiments  only 
a  single  series  of  paints  was  obtained  by  dilution;  hence,  it 
was  very  desirable  to  confirm  and  extend  their  work  and  to 
determuie  whether  similar  results  would  have  been  obtained 
by  direct  grinding  of  samples  instead  of  by  dilution. 

In  order  to  use  vehicles  which  are  as  widely  different  as 
possible,  the  wTiters  have  used  a  neutral  mineral  oil  contain- 

'  J.  Franklin  Inst..  196,  .303  (1923). 
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ing  2  per  cent  by  weight  of  oleic  acid  for  Paint  F  and  a  mixture 
of  neutral  mineral  oil  vdth  an  equal  weight  of  acid-refined 
linseed  oil  for  Paint  G.  Both  paints  were  ground  for  32 
hours  and  other  concentrations  obtained  by  dilution.  The 
results  are  summarized  in  Table  II. 

Tiiese  results  are  exactly  similar  to  those  of  Bingham, 
Bruce,  and  Wolbach  in  the  following  respects: 

1 — The  yield  value-concentration  cur\-e  is  linear  at  the  high 
concentrations,  indicating  that  a  zero  yield  value  at  a  definite 
concentration  of  48  per  cent  by  weight  in  Paint  F  and  50  per 
cent  by  weight  in  Paint  G  might  be  expected  as  compared  with 
a  concentration  of  43  per  cent  by  weight  obtained  by  Bingham, 
Bruce,  and  Wolbach. 

2 — The  yield  value-concentration  curves  invariably  depart 
from  linearity  at  low  concentrations,  so  that  every  concentra- 
tion of  paint,  no  matter  how  small,  shows  a  yield  value.  The 
pseudo-plastic  condition*  in  paints  therefore  seems  to  be  quite 
weU  established,  even  though  it  has  not  as  yet  been  explained. 
It  is  not  always  easy  to  measure  the  efflux  satisfactorily  in  the 
pseudo-plastic  mixtures,  but  the  values  of  the  yield  values  seem 
to  lie  on  a  smooth  curve. 

3 — The  mobility-concentration  curve  is  quite  positively 
linear,  pointing  to  a  concentration  of  zero  mobility  of  81  per 
cent  by  weight  for  Paint  F,  80.5  per  cent  for  Paint  G,  as  against 
79.6  per  cent  by  weight  in  the  paint  studied  by  Bingham,  Bruce, 
and  Wolbach. 

This  concentration  of  zero  mobility  would  seem  to  be  re- 
lated to  the  volume  of  cubical  close-packing,'  which  for 
equal  spheres  is  52.4  per  cent  by  volume.  It  would  appear 
that  this  concentration  of  zero  mobility  ought  to  be  the  same 
for  any  given  disperse  phase,  independent  of  the  dispersion 
medium.  In  the  three  paints  studied  the  volume  concentra- 
tion of  zero  mobility  for  lithopone  turns  out  to  be  46.4  per 
cent  by  vohune  for  Paint  F,  46.4  per  cent  by  volume  for  Paint 
G,  and  45.6  per  cent  by  \-olume  for  paint  studied  by  Bingham, 
Bruce,  and  Wolbach.  This  is  very  satisfactory  agreement, 
the  average  value  being  close  to  46.1  per  cent  by  volume. 
That  this  value  is  so  much  less  than  the  52.4  per  cent  de- 
rived mathematically  for  equal  spheres,  may  provisionaDy 
be  attributed  to  the  irregular  shapes  of  the  particles  of  the 
lithopone. 

The  mobilities  of  the  three  paints  may  be  represented  by 
the  empirical  formulas 

Paint  F,  M  =  «P  (1  -  1.15  n) 
Paint  G,Ai  =  ^s  U  -  1-22  n) 
Paint  studied  by  Bingham,  Bruce,  and  Wolbach,  ;i  =  ^  (1  — 1.26  «) 

where  <p  is  the  fluidity  of  the  mediiun,  and  n  is  the  fraction  by 
weight  of  the  disperse  phase.  It  seems  probable  that  the 
mobility  of  the  suspension  is  determined  by  the  fluidity  of 
the  medium,  and  one  other  factor  which  may  be  described  as 
the  free  volume  of  the  dispersion  medium,  in  analogy  with  the 
free  volume  with  wliich  we  have  become  famihar  in  pure 
liquids.  The  theory  leads  to  a  formula  similar  to  that 
abo\'e  except  that  the  concentrations  are  by  volume  instead 
of  by  weight.  Tliis  important  pecuUarity  is  as  yet  imex- 
plained. 

The  mobOities  as  calculated  by  the  foregoing  formulas  for 
Paints  F  and  G  are  given  in  Table  II,  and  the  agreement 
between  the  observed  and  calculated  values  is  very  good. 

The  concentration  of  zero  yield  value  as  given  above  for 
Paints  F  and  G  is  the  same  -n-itliin  the  experimental  error. 
This  value  is  sUghtly  higher  than  that  obtamed  by  Bingham, 
Bruce,  and  Wolbach.  The  concentration  of  zero  yield 
value  is  affected  by  the  size  of  particles  of  the  disperse  phase, 
but  the  jaeld  value  is  very  sensitive  to  the  adhesion  between 
the  disperse  phase  and  the  dispersion  medium,  so  that  the 
approximate  identity  in  these  verj-  diverse  paints  is  remark- 
able.   For  example,  if  we  compare  these  three  paints  at  a 

»  Tais  JousNAL.  U,  1014  (1922). 

'  Bingham,  "Fluidity  and  Plasticity,"  p.  228. 


65  per  cent  concentration  of  pigment,  we  find  that  all  of  them 
have  the  same  mobility — viz.,  0.48 — but  the  yield  values  are 
very  different,  1010  for  F,  970  for  G,  and  129  for  the  paint 
studied  by  Bingham,  Bruce,  and  Wolbach.  It  therefore 
seems  probable  that  the  concentration  of  zero  yield  value  is 
independent  of  the  fluidity  of  the  medimil  or  of  its  adhesion  to 
the  pigment.  It  may  therefore  be  solely  dependent  upon 
the  incU\'idual  particles. 

It  may  be  noted  that  the  yield  value- weight  concentration 
curve  departs  from  linearity  at  xery  different  yield  values  in 
the  different  paints — \'iz.,  400  d\Ties  per  sq.  cm.  for  Paint  F, 
310  for  Paint  G,  and  35  for  the  paint  of  Bingham,  Bruce,  and 
Wolbach.  But  the  concentration  in  which  this  departure 
from  hnearit}-  takes  place  is  nearly  the  same,  being  55  per 
cent  for  F,  55  for  G,  and  50  for  the  paint  of  Bingham,  Bruce, 
and  Wolbach. 

The  equations  of  the  jield  value-weight  concentration 
curves  are  /  =  53.6  n  —  2510  for  Paint  F,  and  /  =  66  /i 
—  3310  for  Paint  G.  The  agreement  between  the  observed 
and  the  calculated  values  is  given  in  the  last  column  of 
Table  II. 

Particle  Size 

A  few  qualitative  experiments  seemed  desuable  to  exhibit 
the  effect  of  particle  size  on  the  jaeld  value  and  mobUity. 
For  this  purpose  silica,  normally  used  as  a  paint  fiUer  and 
known  to  have  particles  of  large  size  as  compared  wth  the 
particles  in  lithopone,  was  ground  in  acid-refined  linseed 
oil  to  contain  65  per  cent  by  weight  of  sOica  and  measured 
on  the  plastometer,  at  25°  C.  The  jdeld  value  was  found  to 
be  25  dynes  per  sq.  cm.,  which  is  very  much  less  than  the 
yield  value  of  129  found  by  Bingham,  Bruce,  and  Wolbach 
for  the  same  concentration  of  lithopone.  The  mobility  of 
the  silica  is  0.165,  which  is  considerably  less  than  the  mo- 
bility of  the  same  concentration  of  lithopone,  0.441.  But 
the  volume  occupied  by  the  two  pigments  is  very  different 
at  the  same  weight  concentration.  We  shall  now  therefore 
make  the  comparison  at  the  same  volume  concentration. 
Assuming  2.30  as  the  density  of  the  silica,  the  silica  occupies 
42.7  per  cent  by  volume.  This  volume  percentage  of  litho- 
pone corresponds  to  a  75.7  per  cent  pigment  by  weight.  This 
paint  would  have  a  mobihty  of  0.12  as  calculated  by  formula 
and  a  jield  value  of  194.  The  mobiUties  are  now  nearly  the 
same,  and  the  yield  value  of  the  silica  is  50  per  cent  higher 
than  that  of  the  hthoponc.  This  small  difference  can  be 
accounted  for  in  a  variety  of  ways,  and  is  surprisingly  small. 

FiXTiDiTY  OF  ^Medium 

It  has  already  been  proved  that  temperature  affects  the 
mobility  in  the  same  ratio  as  it  affects  the  fluidity  of  the  me- 
dium, and  that  it  does  not  affect  the  jdeld  value.  This  con- 
clusion is  so  important  and  so  inherently  improbable  that 
it  seemed  desirable  to  suspend  the  same  pigment  in  two  oils 
of  widely  different  fluidity,  for  which  purpose  blown  linseed 
oil  and  lithopone  have  been  used  to  compare  with  the  litho- 
pone paint  in  acid-refined  linseed  oO.  A  35  per  cent  paint 
gave  a  mobility  which  remained  constant  after  7  hours  of 
grinding,  so  that  four  successive  samples  gave  the  closely 
agreeing  mobihties  0.0200,  0.0204,  and  0.019S.  The  yield 
values  read  were  also  in  good  agreement,  but  the  j'ield  value 
is  almost  negligible,  having  an  average  value  of  7  dynes  per 
sq.  cm.  The  35  per  cent  of  hthopone  suspended  in  acid-re- 
fined linseed  oil  studied  by  Bingham,  Bruce,  and  Wolbach 
had  a  yield  value  of  7.7  and  a  mobility  of  1.40.  Therefore,  the 
conclusion  that  the  yield  value  is  independent  of  the  fluidity 
of  the  oil  seems  justified;  but,  whereas  this  statement  is 
probably  true,  there  are  factors  which  have  not  yet  been  con- 
sidered which  very  greatly  influence  the  j-ield  value  and  there- 
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foro  oomplicate  the  case.  Thus,  linseed  oil  paint  has  been 
usptl  to  compare  with  a  blown  linseed  oil  paint  on  the  gen- 
eral assumption  that  they  would  be  more  nearly  alike  than 
would  blown  oil  and  mineral  oil.  But  it  is  noted  that  35 
per  cent  lithopone  in  mineral  oil  with  2  per  cent  oleic  acid 
gave  a  yield  value  of  115  and  in  a  mixture  of  mineral  and  lin- 
seed oil  a  yield  value  of  40,  although  the  fluidities  of  the  three 
oils  were  not  very  different;  hence,  the  chemical  composition 
of  the  oil  affects  the  yield  value  in  a  high  degree.  In  the 
foregoing  example  equal  volume  compositions  have  been 
compared,  but  no  new  relationships  are  brought  out. 

The  ratio  between  the  mobilities  of  the  acid-refined  linseed 
oil  paint  and  the  blown  hnseed  oil  paint  is  1.40:0.02  =  70, 
whereas  the  ratio  between  the  fluidities  of  the  oils  is  2.42: 
0.048  =  50.  The  two  numbers  are  of  the  same  order  of  mag- 
nitude, but  the  mobility  of  the  blown  oil  paint  is  less  than  one 
would  expect,  for  whicii  no  explanation  has  yet  been  found. 

PoLAi!   Colloids  in  Suspension  Medium 

Soaps  are  sometimes  added  to  paints  in  order  to  give 
"false  body."  Just  what  they  do  is  a  matter  of  interest. 
The  writers  have  experimented  with  zinc  stearate  and  alumin- 
ium stearate. 

When  aluminium  stearate  is  heated  in  linseed  oil,  it  ap- 
parently dissolves  but  forms  a  stiff  jelly  or  grease  on  cooling. 
The  experiment  was  made  of  substituting  part  of  the  litho- 
pone in  a  55  per  cent  paint  by  weight  with  aluminium  stearate 
up  to  nearly  one  per  cent. 


Stearate  . Yield  Value . 

cent  Mobility  Observed  Calculated 

0.788  (B.,  B.,  and  W.)  61 . 5(3,  B,  and  W.)   61.,'; 

25        0.679  250  249.5 

65        0.697  550  550.3 


The  added  material  has  produced  a  comparatively  slight  de- 
crease in  the  mobility,  but  a  very  great  increase  in  the  yield 
value,  which  in  the  low  concentrations  is  directly  proportional 
to  the  concentrations.  The  last  column  in  the  table  gives  the 
values  calculated  by  means  of  the  linear  formula 
/  =  752  n  -f  61.5 

DEFL0CCUL.4.T1NG  AgENTS  IN  SUSPENSION  MEDIUM 

The  attempt  was  made  to  grind  30  per  cent  by  weight  of 
lithopone  in  pure  mineral  oil.  In  spite  of  the  low  concen- 
tration of  pigment,  the  grinding  was  very  difficult,  the  paint 
being  very  pasty,  and  even  after  48  hours  of  grinding  meas- 
urements of  the  plasticity  were  difficult  to  make.  Tlie 
mobility  was  not  peculiar,  being  about  1.0,  but  the  yield  value 
was  extremely  high — a.ppro.xiraately  1090.  But  on  adding  as 
little  as  0.2  per  cent  of  oleic  acid  the  yield  value  was  reduced 
by  81  per  cent,  and  2.0  per  cent  reduced  the  yield  value  to  a 
negligible  quantity.  During  this  extraordinary  change  in 
the  yield  value  the  mobility  remained  the  same  to  within  the 
experimental  error. 

It  was  proved  by  means  of  the  microscope  that  the  action 
of  the  oleic  acid  was  one  of  deflocculation.  It  was  also 
proved  that  the  action  was  not  due  to  the  oleic  acid  acting  as 
an  electrolyte,  for  turpentine,  which  is  a  nonelectrolyte, 
has  a  very  pronounced  effect  as  a  deflocculating  agent,  1.5 
per  cent  of  it  reducing  the  yield  value  to  the  extent  of  92 
per  cent,  and  3.0  per  cent  to  a  negligible  quantity. 

Stearic  acid  thinned  down  a  paint,  evidently  lowering  the 
yield  value,  but  difficulty  was  encountered  in  getting  con- 
sistent measurements.  It  would  be  worth  while  to  prepare 
paints  with  a  much  higher  yield  value,  in  order  to  ascertain 
whether  higher  concentrations  of  the  deflocculating  agent 


than  are  required  to  furnish  a  layer  one  molecule  deep  over 
the  particles  would  be  effective  in  lowering  the  yield  value. 
That  a  50  per  cent  mixture  of  linseed  oil  with  mineral  oil 
gave  a  yield  value  in  a  65  per  cent  paint  by  weight  of  970  as 
compared  with  128.9  in  straight  linseed  oil,  points  to  the 
conclusion  that  even  50  per  cent  of  linseed  oil  is  not  suffi- 
cient to  completely  disperse  the  pigment.  The  linseed  oil 
had  an  acid  number  of  0.88. 

Moisture 

It  is  well  known  that  moisture  in  a  paint  has  important 
effects  on  its  plasticity,  but  apparently  no  one  has  attempted 
to  measure  these  effects  quantitatively.  Paint  C,  made  up 
to  contain  60  per  cent  by  weight  of  air-dried  lithopone  in  acid- 
refined  linseed  oil,  was  found  to  have  a  yield  value  of  90  and 
a  mobility  of  0.64  after  32  hours  of  grinding.  On  adding  0.5 
per  cent  of  moisture  and  grinding  in  the  ball  mill,  it  was 
found  that  the  yield  value  had  risen  to  the  extraordinary 
value  of  3450  dynes  per  sq.  cm.  and  the  mobihty  had  fallen 
to  0.142  absolute  unit.  In  thus  affecting  both  the  yield  value 
and  the  mobility,  moisture  seems  to  play  a  unique  role  most 
nearly  resembling  the  action  of  a  polar  colloid.  A  further 
study  is  planned  to  find  out  the  effect  on  plasticity  of  both 
smaller  and  larger  quantities  of  moisture,  and  to  determine 
the  mechanism  of  the  phenomenon. 

Oxidation  or  Polymerization 

From  experiments  with  lithopone  in  acid-refined  linseed 
oil  and  in  blown  oil,  it  may  be  stated  with  some  confidence 
that  the  yield  value  will  not  be  altered  except  as  the  adhe- 
sion between  the  oil  and  pigment  is  changed,  but  that  the 
mobihty  will  be  changed  in  direct  proportion  to  the  change 
in  the  fluidity  of  tiie  medium. 

In  the  grinding  experiments  it  was  observed  that  the 
mobility  fell  off  with  long  continued  grinding.  It  appears 
possible  that  there  may  be  two  counter  effects — one  due  to  the 
gradual  wetting  and  separation  of  the  individual  particles, 
and  the  other  due  to  the  oxidation  or  polymerization  of  the 
medium.  The  latter  tendency  would  adequately  explain 
the  falling  off  of  the  mobilitj'  on  long  grinding  while  the  yield 
value  remains  constant.  It  was  thought  that  this  could  be 
best  tested  by  carrying  out  the  grinding  in  a  more  inert  at- 
mosphere, using  nitrogen  or  carbon  dioxide. 

In  Table  I  the  plasticity  of  a  60  per  cent  hthopone  paint 
in  acid-refined  hnseed  oU,  ground  in  atmospheric  air,  has 
already  been  given,  this  being  Paint  C.  In  Table  IV  are 
given  the  data  of  Paints  D  and  N,  the  fii'st  being  ground  in 
an  atmosphere  of  carbon  dioxide,  and  the  second  being 
ground  in  an  atmosphere  of  nitrogen  with  0.5  gram  of 
anticatalyst.  Otherwise,  the  three  paints  are  intended  to  be 
identical. 

In  each  case  the  mobihty  at  fii'st  increases,  passes  through 
a  maximum,  and  then  falls  off  more  and  more  rapidly.  The 
maximum  occm-s  after  about  32  hours'  grinding,  the  value  of 
the  maximum  being  0.63  for  Paint  C,  0.64  for  Paint  D,  and 
0.60  for  Paint  N.  At  the  end  of  64  hours  the  mobUity 
of  Paint  C  has  fallen  off  probably  15  per  cent.  Paint  D  in 
carbon  dioxide  some  7  per  cent,  and  Paint  N  in  nitrogen 
some  6  per  cent.  Thus,  it  does  not  appear  that  an  inert 
atmosphere  is  able  to  prevent  the  change  wliich  causes  the 
falling  off  in  the  mobility. 

It  may  be  that  still  other  factors  than  o.xidation  and  polym- 
merization  will  eventually  have  to  come  in  for  study.  The 
^^Titers  suggest  the  possibihty  of  moisture  derived  from  the 
pigment  or  the  atmosphere,  soUd  material  resulting  from  the 
wear  of  the  miU,  alkahne  material  derived  from  the  mill,  or 
chemical  reaction  between  the  pigment  and  some  part  of  the 
oil. 
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Dissolved  Gases 

In  the  coiirse  of  tliis  work  it  was  observed  that  carbon 
dioxide  is  verj-  .soluble  in  paint.  The  ■wTiters  have  evacuated 
each  paint  before  measurement  so  that  they  would  be  fully 
comparable.  Assimiing  oxidation  or  poljinerization  to  be 
the  only  change  taking  place  on  grinding,  they  expected  the 
yield  value  to  be  the  same  in  the  three  paints.  They  were 
th.erefore  surprised  to  find  the  jield  value  quite  different  in 
the  tliree  paints— \iz.,  90  in  Paint  C,  280  in  Paint  D,  and  200 
in  Paint  X.  SuiBcient  work  has  not  been  done  as  yet  to 
make  it  safe  to  hazard  an  explanation  of  this  striking  differ- 
ence. In  these  experiments  the  materials  were  used  in  their 
air-dry  condition,  but  in  future  experiments  it  will  be  desir- 
able to  regulate  the  moisture  conditions  much  more  carefullj'. 

Temperature 

Work  already  done  has  made  it  appear  that  the  increase 
in  mobiUty  with  the  temperature  is  in  direct  ratio  to  the 
increase  in  the  fluidity  of  the  medium.  Naturally,  this 
generahzation  is  subject  to  limitations,  since  the  adhesion 
may  change  with  the  temperature,  colloids  may  pass  from  the 
gel  to  the  sol  condition  as  the  temperature  is  raised,  etc. 

Dimensions  of  the  iNSTRUjrENT 

All  the  measurements  described  in  this  paper  were  made 
on  a  given  tj-pe  of  plastometer,  for  which  changes  in  the 
length  and  radius  of  the  capillarj'  are  without  effect. 


Mobility  in  Absolute        Yield  Value  in  Dynes 

Units  per  Sq.  Cm. 

Paint  D,  60  per   cent  lithopone    and   40    per    cent    acid-refined   linseed   oil, 

density  X  J.742,   temperature  25°   C,    capillary   No.    10.      Ground    in    an 

atmosphere  of  carbon  dioxide 

16  0.61  340 

24  0.61  280 

32  0.63  2S0 

49  0.64  280 

56  0.62  270 

64  0.61  280 

Paint  N,  60  per  cent  lithopone   and   40    per   cent    acid-refined   linseed    oil, 

density  X  1.747,   temperature  25°   C,   capillary   No.    JO.      Ground    in    an 

atmosphere  of  nitrogen 

6  0..51  310 

22  0.3S  230 

34  0.59  210 

40  0.60  200 

48  0.57  l.iO 


93 
100 
150 
110 


Conclusions 

1 — As  the  grinding  of  a  pigment  in  oU  progresses,  the 
jield  value  at  first  decreases  but  after  30  hours  becomes  con- 
stant. The  mobility  under  the  same  conditions  at  first  in- 
creases, passes  through  a  maximum,  and  then  decreases  more 
and  more  rapidly.  The  maximum  occurs  after  about  30 
hours  in  these  experiments. 

2 — On  measuring  different  concentrations  of  pigment 
suspended  in  oil,  the  jield  value-weight  concentration  curve 
is  found  to  be  linear  except  at  low  concentrations,  thus 
confirming  the  findings  of  Bingham,  Bruce,  and  Wolbach. 
All  concentrations  exliibit  a  jaeld  value.  The  concen- 
tration of  zero  jield  value  is  apparently  independent  of  the 
nature  of  the  medimn. 

The  mobihty-weight  concentration  curve  is  also  linear  and 
the  concentration  of  zero  mobihty  is  apparently  independent  of 
the  nature  of  the  vehicle.  The  theory  would  lead  one  to  ex- 
pect that  simpler  relations  would  be  found  when  using  volume 
concentrations,  but  tliis  is  not  the  case,  for  which  no  expla- 
nation has  j'et  been  given. 

3 — Sihca  and  Uthopone  have  very  different  plasticity  at 
the  same  weight  concentration.  When  they  are  compared 
at  equivalent  ^•olume  percentages,  however,  the  mobiUties 


are  nearly  the  same  and  the  yield  xalues  are  not  very  differ- 
ent. This  fact  is  the  more  striking  since  the  particle  size 
in  the  two  pigments  is  so  different. 

4 — Comparing  blown  oil  with  acid-refined  linseed  oil  at 
the  same  concentration  of  pigment,  the  effect  of  the  fluidity 
of  the  medium  is  shown.  The  mobOity  faUs  oflf  in  presumably 
the  same  ratio  as  the  fluidities  of  the  oU,  but  the  \ield  value 
is  independent  of  the  fluidity  of  the  oil. 

5 — Polar  coUoids — as,  for  example,  aluminium  stearate— 
have  verj'  sHght  influence  on  the  mobility,  but  they  have  an 
extraordinary'  effect  in  raising  the  jaeld  value. 

6 — It  is  difficult  to  grind  a  pigment  into  pure  mineral  oil 
ha\'ing  the  same  fluidity  as  linseed  oil  and  it  is  still  more  diffi- 
cult to  make  a  satisfactory  plasticity  determination  on  the 
resulting  suspension.  However,  0.2  per  cent  of  oleic  acid 
deflocculates  the  suspension  and  lowers  the  jdeld  value 
about  80  per  cent,  while  the  mobUitj'  remains  unchanged. 

7 — ^Moisture  exerts  a  prodigious  effect  on  the  plasticity  of 
paint,  0..5  per  cent  of  moisture  raising  the  j-ield  value  from 
90  to  3450,  and  at  the  same  time  reducing  the  mobUitj'  to 
one-fourth  of  its  former  value. 

8— Oxidation  and  pohTnerization  affect  the  fluidity  of 
an  oU.  so  we  should  expect  the  mobility  to  be  affected.  It 
was  thought  that  the  fall  in  the  mobihty  on  long  grinding 
might  be  attributable  to  one  of  these  causes,  but  grinding 
in  an  atmosphere  of  nitrogen  onlj-  prevented  it,  partially, 
A  paint  ground  in  an  atmosphere  of  carbon  dioxide  has  a 
jneld  value  three  times  as  liigh  as  when  ground  in  the  air. 

Acknowledgment 

The  wi-iters  are  indebted  to  the  E.  I.  duPont  de  Nemours 
and  Company  for  the  generous  assistance  which  has  made 
this  investigation  possible. 


Oxygen   and   Oxygenated   Air   in   ^letallurgical 
Processes 

Revolutionary  changes  in  the  metallurgi,'  of  iron,  by  which  pro- 
duction costs  should  be  materially  decreased  and  quantities  of  low- 
grade  ore  and  smelting  fuels  now  considered  worthless  be  made 
available  as  the  result  of  the  use  of  oxygen  and  oxygenated  air 
in  blast  furnace  practice,  are  suggested  in  a  report  recently  made 
to  the  Department  of  the  Interior  by  a  committee  appointed  by 
the  Bureau  of  Mines  to  study  the  problem. 

In  the  past  it  has  been  necessary  in  the  production  of  1  ton  of 
pig  iron  to  pass  .3  tons  of  inert  nitrogen  through  the  blast  furnace, 
resulting  in  serious  heat  and  metal  losses.  The  elimination  of 
such  losses  by  the  substitution  of  o.xygen,  or  a  mi.\ture  of  oxygen 
and  air,  has  long  been  considered,  but  has  not  been  put  into 
practice  on  account  of  the  inabiUty  to  produce  oxygen  in  quan- 
tities at  sufficiently  low  cost  to  make  such  application  indus- 
trially possible. 

In  \-iew  of  the  many  recent  developments  in  oxygen  manufac- 
ture, and  considering  the  increasing  cost  and  decreasing  quality 
of  the  nation's  raw  materials,  the  Bureau  of  Mines  appointed  an 
advisory  committee,  of  which  M.  H.  Roberts  of  New  York  is 
chairman,  to  study  the  problem  of  the  application  of  oxygen  or 
oxygenated  air  to  metallurgical  and  allied  processes.  This 
committee  has  made  a  thorough  survey  of  the  existing  processes 
for  the  manufacture  of  99  per  cent  oxygen,  and  finds  that  the  oxy- 
gen industry'  is  now  able  to  make  plants  for  supplying  large  quan- 
tities of  oxygen  to  metallurgical  industries  at  low  cost. 

The  data  collected  by  this  committee  indicate  that  the  produc- 
tion and  utiHzation  of  cheap  oxygen  sho^Ud  also  accomplish 
great  economies  in  the  metallurgy  of  zinc.  It  is  believed  that 
similar  economies  can  be  effected  in  the  metallurgy  of  copper, 
and  in  fact  in  all  branches  of  nonferrous  metallurgy. 

The  committee  has  developed  plans  for  experimentally  de- 
termining the  effects  of  oxygen-enriched  air  upon  the  operation 
of  the  blast  furnace,  and  it  is  recommended  that  these  plans  be 
put  into  effect  as  the  first  step  of  an  extended  research  as  to  the 
general  applicability  of  oxygen  to  metallurg>-.  The  knowledge 
that  German  industrial  concerns  are  working  actively  on  the 
application  of  oxygenated  air  to  metallurgical  processes  has 
greatly  concerned  American  iron  and  steel  interests,  and  the  in- 
dustry is  making  insistent  demands  for  research  work  of  this 
nature. 
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Insoluble  Phosphoric  Acid  in  Acid  Phosphates  and  Fertilizers 


Some  Sources  of  Error  in  Its  Determination 

By  W.  R.  Austin 

Tennessee  Chemical  Co.,  Nashville,  Tenn. 


THE  purpose  of  this 
article  is  to  empha- 
size certain  sources 
of  discrepancies  in  the  deter- 
mination of  insoluble  P^Os, 
particularly  those  arising 
from  incomplete  prelimi- 
nary washing  of  the  sample, 
and  the  relative  efl'ect  of 
using  various  solutions  of 
ammonium  citrate  solution. 

The  official  method  of 
the  Association  of  Official 
Agricultural  Chemists  pre- 
scribes: "Place  2  grams  of  the  sample  on  a  9-cm.  filter,  wash 
with  successive  small  portions  of  water,  allowing  each  to 
pass  through  before  adding  more,  until  the  filtrate  measures 
about  250  cc.  ***."  This  precaution  of  washing  the  sample 
to  250  cc.  has  not  been  observed  by  some  analysts,  resulting 
in  many  cases  in  wide  discrepancies. 

In  the  case  of  one  sample  of  acid  phosphate  made  from 
Tennessee  phosphate  rock,  on  which  considerable  collabo- 
rative analytical  work  was  done,  the  importance  of  thorough 
preliminary  washing  was  strongly  emphasized.  One  group 
of  analysts,  accustomed  largely  to  handling  acid  phosphate 
made  from  Florida  rock,  reported  consistently  about  0.75  per 
cent  insoluble  P2O5,  wliile  others,  more  familiar  with  acid 
phosphate  made  from  Tennessee  rock,  found  about  0.40  per 
cent  insoluble.  After  a  careful  investigation,  including 
exchange  of  samples  of  ammonium  citrate,  etc.,  it  was  devel- 
oped that  the  trouble  was  entii'ely  in  the  prehminary  wash- 
ing. Those  who  were  in  the  habit  of  wasliing  the  sample 
at  first  with  onlj'  three  or  four  washmgs  with  water  reported 
the  highest  results.  Alter  tliis  investigation  further  deter- 
minations were  made  on  the  same  sample,  with  a  close  agree- 
ment averaging,  for  ten  analysts,  0.36  per  cent,  six  of  the 
number  reporting  0.37  per  cent.  This  work  led  to  the 
following: 


ll  is  important  to  observe  the  precaution  of  washing  the  sample 
with  water  up  to  the  volume  of  250  cc.  as  prescribed  in  the  official 
method,  and  also  to  select  rapid  filtering  funnels  so  that  the  washing 
may  be  done  in  about  20  to  30  minutes. 

There  is  an  important  relation  between  the  Fefiz  and  P^Ot,  re- 
moved by  thorough  washing — as  the  percentage  of  FezOi  removed  by 
washing  is  increased  the  percentage  of  insoluble  PiOs  decreases. 

While  the  same  care  should  be  exercised  in  malting  the  ammonium 
citrate  exactly  neutral,  as  prescribed  by  the  official  method,  yet 
moderate  differences  in  the  ratio  of  ammonia  to  citric  acid  mak.e 
relatively  little  difference  in  the  results  for  insoluble  as  compared  to 
the  importance  of  careful  preliminary  washing. 


Per  cent 
FetOj 

Unwashed  sample 2,35 

.^fter    washing  to    100  cc, 

9-cm.  filter 2.30 

After  washing    to  ioO  cc, 

11-cm.  filter 2.30 

.^fter    washing   to  200  cc, 

9-cm.  filter 2.10 

After  washing    to  250  cc, 

9cm.  filter 2.05 


Sample    A — Acid  phospha 
Tennessee  rock  {rock  conlaining 

le,  after  different  periods  of  curing  made  from 
about  2.4  per  cent  AhOs  and  Z.7  per  cent  FeiOa) 

Period  of  Curing 

. Per  cent  Insoluble  PiOt . 

Washed  to  100  Cc.       Washed  to  250  Cc. 
t4  to  5  Washings)           UO  Washings) 

iJjday 

i 

10  y  weeks 
12 
14. 

2.19 
0,94 
0.48 
0.49 
0.50 
0.65 
0.48 

1.96 

0.62 

0.35 

0.31 

0.38 

0.45     . 

0.33 

Sample  B — .icid  phospha 
volume  oj  water  in  u-ashhig  {pn 

te,  6  months  old, 
or  to  treatment  w 

varied  size  of  filter  papers,  also 
tth  ammonium  citrate) 

Volume  of  Washing 
Cc 

■ Per  cent  Insoluble  PjOs . 

11-Cm.  Filter                   9-Cm.  Filter 

100 
150 
200 
250 

0.30 
0.25 
0.15 

0.15 

0.27 
0.15 
0.15 
0.15 

Sample  tested  direct 
cent  insoluble. 

ly,  D 

o  preliminary  v 

.ashing  with  water— 0.30  per 

Separate  portions  of  Sample  B  were  similarly  washed,  as 
above,  and  the  Fe203  remaining  in  the  washed  residue  deter- 
mined. 

'  Presented  before  the  Division  of  Fertilizer  Chemistry  at  the  64th 
Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September  4  to 
S,  1922.     Received  .\ugust  17,  1923. 


Many  analj'sts  prefer  the 
11-cm.  filter  to  avoid  loss 
in  washing  when  churning 
up  the  sample  with  the 
stream  of  water.  There 
is  apparently  an  advan- 
tage, in  the  case  of  some 
samples,  in  using  a  9-cm.  filter,  since  a  greater  number  of 
washings  is  required  to  give  the  2.50  cc.  than  when  the  1 1- 
cm.  filter  is  used.  In  most  cases,  however,  ten  washings  on  a 
11-cm.  filter  using  about  25  cc.  each  time  were  sufficient. 

It  has  been  found  with  some  samples  that  the  percentage  of 
insoluble  after, washing  to  250  cc.  is  quite  appreciably  lower 
than  when  washing  to  150  cc.  There  seems  to  be  an  impor- 
tant relation  between  such  results  and  the  re203 — the  greater 
the  number  of  wasliings  the  more  FejOj  combined  with  P2O5 
is  washed  through  resulting  in  lower  results  for  insoluble. 

Several  samples  of  acid  phosphate  were  next  taken,  washed 
to  different  volumes,  and  the  percentage  insoluble  PzOs  and 
Fe203  determined. 


. PER  CENT  Insoluble — - 

100  Cc.      160  Cc.     200  Cc. 

250  Cc. 

Un-      (4  Wash-   (6  Wash-   (8  Wash- 

(10  Wash- 

washed      ings)            ing.s)          ings) 

ings) 

Sample  C — Acid  phosphate  1  day  old  {Tennessee  rock) 

P2O6 2.26         2.19           2.15           2.05 

1.96 

FejOa  in  washed  residue..      2.05         2.00           2.00           1.90 

1.80 

I-eiOj  after  citrate  treat- 

ment              0 . 40          0.40           0 . 40 

0.25 

Sample  D — Acid  phosphate,  8  months  old  iTennessee  roc 

:«" 

PiOs 0.32         0.29           0  20           0.14 

0.12 

FejOs  in  washed  residue. .      2.10         2.10           2.00           1.90 

1.83 

Fe203  after  citrate  treat- 
ment       0.43         0.40  0.38  0.35 

Sample  E — Double  superphosphate  (.45  per  cent  available  PzOi,)'* 

PjOs 2.40  2.25    •  ..  2.14 

FesOa  in  washed  residue..        ..  1.50  1.40 

Sample  F — Acid  phosphate,  1  year  old  {Florida  rock) 

PjOi 0.24  0.18 

FeiOa  in  washed  residue..        ..  1.20  1.10 

Sample  G^Acid  phosphate,  J  week  old  {Florida  rock) 


0.28 


1.20 


0.14 


P-Os 

O..^o           0.42 

2.03            1.9S 
s  D  and  E  are  the  average  i 

Sample  H 
Average  results  for  in- 
soluble   P3O5    on    eight 
samples  of  mixed  fertil- 
izers,   containing    acid 
phosphate.        nitrogen, 

1   90            1   S3 

a  The  results  in  Sample; 

eported  by  ten  labora- 

The  importance  of  thorough  washing  of  the  sample  with 
water  prior  to  its  treatment  with  ammonium  citrate  having 
been  established,  a  series  of  tests  was  made  to  determine  the 
effect  of  different  solutions  of  ammonium  citrate.  Just  prior  to 
tliis,  however,  two  samples  of  acid  phosphate  had  been  sent  to 
twelve  laboratories  together  vnih  some  of  a  solution  of  neutral 
ammonium  citrate,  with  the  request  to  determine  insoluble 
P2O5  using  this  citrate  solution  and  also  using  their  own. 
The  average  of  the  twelve  tests  on  the  ammonium  citrate 
solution  sent  from  this  laboratory  showed  a  ratio  of  ammonia 
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to  citric  acid  of  1:3.759.     The  average  results  for  insoluble  Similar  tests  were  made  on  a  mixture  of  equal  parts  of  acid 

from  the  twelve  laboratories  follow:  phosphate  and  bone  meal,  when  the  effect  of  adding  ammonia 

„             ,  or  citric  acid  to  a  neutral  solution  of  ammonium  citrate  was 

. — Per  cent  Insoluble — . 

Minimum  Maximum    Av.  mOre  marked. 

Samfie  J— Well-cured  acid  phosphate  jf  ^y^g  found  important  to  select  a  long-stcm  (5  to  6  inches), 

Citrate  solution:  0'^^^J^^°^^^^^^\y  ; ; ; ; y / / y     °-^l        ^11     °:'^  60-degree  funnel  for  the  preliminary  washing,  and  with  a 

Sample  J— 16  per  cent  acid  phosphate  carefuUy  fitted  paper  the  Washing  up  to  250  cc.  may  be  done 

Citrate  solutions:  other  laboratories 0.73        0.95     0.88  in  20  to  30  minutes.     It  was  further  noted  that  when  this 

Author  s  laboratory 0./4            0.9o        ....  .                                                                                          .                . 

precaution  is  not  observed  and  an  hour  or  more  is  required 

Nine  laboratories  reported  results  in  close  agreement  on  the  for  washing,  the  results  for  insoluble  are  generally  higher, 

first  report,  and  after  further  work  and  observing  the  pre-  (Some  analysts  add  a  little  paper  pulp  or  asbestos  to  increase 

cautions  of  thorough  prehminary  washing,  all  agreed  within  rapidity  of  washing.) 

Per  cent  Insolitble 

' Using  Neutral  Citrate s  Using  Neutral  Citrate  Plus  Ammonia  or  Citric  Acid  (Preliminary- 

Volume  Preliminary  Washing  Washing  250  Cc.)  Containing  Excess  .\mraonia  or  Acid  as  Follows 

100  Cc.        150  Cc.        250  Cc.  0.5%            1.0%           2.5%            5.0%          10.0% 

.    ,„  ,   „„      (  NHjOH                  1.08              1.10              1.10              1.11              1.11 

Sample  K— Mixed  fertilizer,  2 :  10 :  10 1.20              1.12  1.09      j  citric  acid             1.08              1.02              1.00             0.95             0.95 

„  „„              „  „.  „  „^      (  NH.OH                  0.25             0.25             0.17             0.16             0.16 

Sample  i — 16%  Acid  phosphate  from  Florida  rock          0.30             0.2o  0.25      }  citric  acid             0.23             0.21              0.20              0.18             0.16 

„  ^„  „  „^      (NH.OH                  0.37             0.27             0.27              0.28             0.27 

Sampleif — Acid  phosphate  from  Tennessee  rock           0.37              0.30  0.25      j  citric  acid             0.25             0.20             0.15             0.14              0.12 

„  ^.  „  ^,       (  NHiOH                   3.62             3.62             3.67              3.97             4.12 

Sample  A"— 16%  Acid  phosphate  plus  lime 3./;              3.6o  3.61      {  Citiic  acid              3.64             3.59             3.51              3.44             3.33 

Sample  O — Mixture  acid  phosphate  and  cotton-  (  NHiOH  0.23  0.25  

seedmeal 0  25       {  Citric  acid  0.23  0.21  

0.05  per  cent.     It  was  foimd  that  the  difference  was  not  due  to  Many  other  determinations  were  made  by  using  different 

ammonium  citrate  solutions,  since  the  laboratory  reporting  the  grades  of  filter  papers,  varying  the  temperature  of  the  wash 

lowest  results,  likewise  the  one  reporting  the  highest  results,  water,  diluting  before  precipitation,  etc.,  but  none  of  these 

found  the  same  with  both  solutions.  changes  affected  the  results  appreciably,  especially  as  com- 

Sample  K  was  then  prepared  and   portions  sent  to  ten  pared  with  the  importance  of  thorough  preliminary  washing 

laboratories.     This  was  a  sample  of  mixed  fertilizer  contain-  of  the  sample. 

ing  about  2  per  cent  NH3,  10  per  cent  available  P2O5,  and  10  Acknowledgment 
per  cent  K;0.     The  results  reported  varied  from  1.00  to  1.21 

per  cent,  averaging  l.OS  per  cent.  The  author  wishes  to  hereby  express  his  thanks  to  H.  C. 

In  order  to  determine  the  effect  of  using  a  neutral  solution  of  Moore  for  many  suggestions  offered  in  this  work,  to  those 

ammonium  citrate  as  compared  with  solutions  containing  who  have  made  many  collaborative  determinations,  and  his 

excess  ammonia  and  others  containing  excess  citric  acid,  the  assistant,  L.  C.  Smith,  who  has  made  a  large  number  of  careful 

foregoing  tests  (Samples  A'  to  0)  were  made.  determinations  in  the  work. 
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An  Improved  Stopcock' 

By  P.  H.  Kollewyn 

Martinez.  C.\lif. 

'T'HIS  little  article  is  wTitten  to  introduce  to  chemical  engi- 
*  neers  who  have  experienced  trouble  with  leaking  valves  an 
improved  stopcock  which  does  not  leak  if  properly  handled. 
It  has  all  the  advantages  of  the  regular  stopcock,  as  easy 
adjustment,  quick  opening  and  closing,  without  the  dis- 
advantages of  sticking  and  subsequent  hammering  or  twist- 
ing oft"  of  the  square  top  of  the  stem. 

This  stopcock  was  invented^  as  a  result  of  trouble  arising 
from  the  frequent  replace- 
ments of  valves  in  the  acid 
lines  of  a  California  oil  re- 
finery. The  first  one  was 
installed  there  in  1919  and  is 
stUl  in  use.  In  Mexico  this 
valve  was  used  exclusively  on 
aU  lines  for  corrosive  liquids 
and  also  for  steam  and  hot- 
oil  lines. 

The  advantages  of  the 
double  packed  stopcock  are: 

Easy  Installation — After 
the  house  is  installed  in  the  line 
the  plug  is  put  in  and  the  top 
flange  (see  Figs.  1  and  2  show- 

1921). 


ing  the  low-  and  high-pressure  valves)  is  bolted  on  tightly,  so 
tightly  that  the  plug  can  hardly  be  moved.  After  this  the  bot- 
tom flange,  which  before  installation  was  fastened  snugly,  is 
tightened,  thus  relieving  the  pressure  on  the  plug  which  is  taken 
up  in  the  top  and  bottom  packing.  The  bottom  flange  is 
tightened  just  enough  to  secure  easy  movement  of  the  plug. 

Easy  Handling — In  case  the  valve  "sticks,"  due  to  wear, 
the  top  flange  is  slightly  loosened  and  the  bottom  flange  tightened, 
thus  securing  a  very  quick  repair  without  danger  of  the  operator 
breaking  the  stem  or  the  house,  because  no  force  is  used  as  ham- 
mering or  twisting.  This  valve  can  be  repaired  without  inter- 
fering w'ith  the  operation. 

Easy  Cleaning — The  two  openings  on  both  sides  of  the  house 
make  an  effective  cleaning  possible  without  taking  the  valve  out 
of  the  line. 

Replacements  of  Parts — If,  after  long  service,  the  plug  is 
worn  out  too  far,  it  can  be  easily  replaced  by  an  oversize  or  new 
plug,  which  means  a 
considerable  cut  in  costs  Top  Oland^,^ 
because     the     housing 


>  Received  May  2.  1923. 

'  U.  S.  Patent  1,370.745  (March: 


remanis  in  the  line. 
The  high  pressiure  valve 
is  very  well  adapted  for 
a  boiler  blowofi  valve. 
It  carries  an  e.\tra  safe- 
ty flange  on  top  and  if 
fitted  with  a  diamond 
boring  it  complies  with 
the  government  speci- 
fications, as  it  cannot 
be  opened  at  once  to 
its  full  extent  because 
the  plug  and  the  house 
have  to  warm  up  slowly 
to  the  same  tempera- 
ture before  the  plug 
can  be  turned  easily. 


Spiace  for 
Packing 


Space  for/ 
Oacking 


^Bottom  Gland 
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Chemical,    Physical,  and  Biological  Properties  of  Bordeaux 

Mixtures' 


LONG  before  the 
downy  mildew  of  the 
grape  was  kiiowii  in 
Europe  the  grape  growers 
would,  as  soon  as  the  fruit 
began  to  mature,  daub  upon 
the  vines  bordering  the 
highways  and  byways  a 
mixture  composed  of  milk 
of  lime  and  copper  sulfate, 
the  object  being  to  prevent 
pilfering.  The  downy  mil- 
dew appeared  in  the  Gir- 
onde  in  1881  and  Millardet' 
noticed,  in  the  course  of 
perambulations  in  the  envi- 
rons of  Bordeaux  in  1882, 
that  the  mixture  the  vine- 

yardists  were  in  the  habit  of  daubing  upon  their  grape 
vines  with  a  small  fagot  broom  distinctly  preserved  the 
treated  plants  from  the  ravages  of  the  disease.  The  im- 
portance of  this  fact  did  not  escape  him.  Millardet  im- 
mediately began  experunenting,  and  on  April  1,  1885,  re- 
ported the  results  of  his  experiments.  The  mixture  he  used 
had  the  composition^ 


By  O.  Butler 

New  Hampshire  Agricultural  ExpERnnENT  Station.  Durham,  N.  II. 

In  this  paper  it  is  shown  that  in  practice  three  types  oj  Bordeaux 
mixture  are  recognized — acid,  neutral,  and  alkaline  washes.  The 
methods  of  preparation  and  chemical  properties  of  these  mixtures 
are  briefly  described  and  it  is  pointed  out  that  as  the  lime  content 
in  a  mixture  is  increased  the  shading  action  of  the  wash  becomes 
more  oboious  and  its  adhesiveness  increased  until  the  ratio  of  cupric 
sulfate  lo  calcium  oxide  exceeds  1:0.5  when  it  begins  to  fall.  It 
is  also  shown  that  the  rate  of  settlement  of  a  Bordeaux  mixture, 
on  which  much  emphasis  has  been  placed,  is  not  in  any  sense  a 
measure  of  adhesiveness.  From  the  facts  presented  it  could  also 
be  concluded  that  if  the  shadow  cast  by  an  alkaline  Bordeaux  mix- 
lure  was  injurious  then  a  neutral  mixture  could  be  substituted 
and  this  depressing  effect  removed.  It  is  also  briefly  pointed  out 
that  when  Bordeaux  mixtures  are  injurious  at  the  time  of  appli- 
cation the  injury  produced  depends  both  on  the  composition  of  the 
wash  and  the  specific  sensitivity  of  the  organ  sprayed. 


Copper  sulfate 

5.71  parts 

Quicklime 

10.71  parts 

Water  to  make 

100       parts 

and  was  therefore  thick  and  heavy  and  not  suited  for  use  in 
sprayers.  The  formula  necessarily  needed  modification 
and  the  Bordeaux  mixture  proposed  in  1885  was  soon  re- 
placed by  more  fluid  washes,  the  most  radical  change  in- 
troduced being  in  the  amount  of  quicklime  used.  The  ratio 
of  cupric  sulfate  to  quicklime,  which  in  the  original  wash  was 
1:1.87,  was  changed  by  Millardet  and  Gaj'on^  in  1887  to 
1 :  0.3.  These  authors  proposed  for  use  in  general  practice 
a  Bordeaux  mixture  of  this  composition  containing  3  per 
cent  cupric  sulfate,  and  for  trial  similar  mixtures  containing 
2  per  cent  and  1  per  cent  cupric  sulfate,  respectively.  Fur- 
ther modifications  of  the  original  formula  were  introduced 
from  time  to  time  by  various  authors,  and  before  the  close 
of  the  19th  century  there  were  recognized  in  the  literature 
three  types  of  Bordeaux  mixture — acid  Bordeaux  mixture, 
neutral  Bordeaux  mixture,  and  alkaline  Bordeaux  mixture. 
Acid  Bordeaux  mixture  is,  strictly  speaking,  a  wash  so 
made  as  to  contain  a  small  amount  of  soluble  copper  and 
give  a  faint  acid  reaction.  In  practice,  however,  the  mix- 
ture is  usually  made  by  adding  milk  of  lime  to  a  solution 
of  cupric  sulfate  until  an  alkaline  reaction  is  obtained,  when 
a  small  amount  of  cupric  sulfate  is  added,  0.1  per  cent  in 
the  case  of  a  1  per  cent  Bordeaux  mixture,  and  0.2  per  cent 
in  the  case  of  a  2  per  cent  Bordeaux  mixture.  Obviously, 
as  usually  prepared,  acid  Bordeaux  mixture  will  not  give 
an  acid  reaction,  or  contain  soluble  copper. 

^  Presented  before  the  Division  of  Agricultural  and  Food  Chemistry 
at  the  65th  Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn., 
April  2  to  7,  1923. 

*  The  numbers  in  the  text  refer  to  the  bibliography  at  the  end  of  the 


Neutral  Bordeaux  mix- 
ture is  made  by  adding 
milk  of  lime  to  a  solution 
of  cupric  sulfate  until  no 
soluble  copper  can  be  de- 
tected by  means  of  potas- 
sium ferrocyanide,''  or,  more 
commonly,  by  adding  milk 
of  lime  until  an  alkaline  re- 
action is  obtained.  A  Bor- 
deaux mixture  in  which 
the  ratio  of  cupric  sulfate 
to  quicklime  is  1 : 0.3  falls 
in  this  group. 

Alkaline  Bordeaux  mix- 
ture is  a  wash  containing 
cupric  sulfate  to  quicklime 
in  a  ratio  of  not  less  than 
1:0.5,  though  mixtures  containing  a  ratio  1:3  and  1:5  have 
been  recently  introduced. =  The  alkaline  Bordeaux  mixture 
most  commonly  used  in  the  United  States  is  a  wash  contain- 
ing cupric  sulfate  and  quicklime  in  equal  amounts. 

The  ratio  cupric  sulfate  to  quicklime  used  in  preparing  a 
Bordeaux  mixture  has  an  important  effect  on  the  chemical, 
physical,  and  biological  properties  of  the  wash — is,  in  fact, 
of  more  importance  than  is  commonly  supposed. 

Chemistry  of  Bordeaux  Mixtures 

According  to  Millardet  and  Gayon,^  Chester,'  Fairchild,' 
and  the  majority  of  writers  on  the  subject,  the  reaction  that 
takes  place  when  cupric  sulfate  and  milk  of  lune  or  lime- 
water  are  brought  together  results  in  the  formation  of  cupric 
hydroxide  and  calcium  sulfate,  calcium  hydrate  being  also 
present  when  the  limewater  or  milk  of  lime  is  used  in 
excess.  Millardet  and  Gayon^  did,  however,  observe  that 
cupric  sulfate  and  calcium  oxide  would  combine  in  the  ratio 
of  1:0.179,  which  is  very  nearly  the  ratio  reciuired  for  the 
formation  of  the  basic  sulfate  SCuO.SOa;  and  Fairchild  ex- 
pressed the  opinion  that  basic  sulfates  are  at  first  formed 
when  milk  of  lime  is  slowly  added  to  a  solution  of  cupric 
sulfate. 

Sostegni'  studied  the  reactions  involved  in  the  preparation 
of  Bordeaux  mixture,  and  concluded  that  the  copper  pre- 
cipitate was  composed  of  cupric  hydrate,  basic  cupric  sul- 
fate, and  a  double  sulfate  of  lime  and  copper. 

Vermorel  and  Dantony'"  state  that  the  copper  is  precip- 
itated in  acid  Bordeaux  mixtures  as  basic  sulfates,  but  that 
in  alkaline  washes  cupric  hydrate  is  almost  exclusively  formed 
when  the  milk  is  poured  quickly  into  a  solution  of  cupric 
sulfate  and  basic  sulfates  where  it  is  added  very  slowly. 

The  most  comprehensive  study  of  Bordeaux  mixture  has 
been  made  by  Pickering.  According  to  this  author"  the 
following  distinct  basic  salts  may  be  formed  when  cupric 
sulfate  is  precipitated  by  calcium  hydrate  in  the  form  of 
limewater:  4CuO.S03;  5CuO.S03;  lOCuO.SOs;  lOCuO.- 
S03.3CaO. 

These  Cu0.3CaO  basic  sulfates,  omitting  Cu0.3CaO,  which 
is  of  no  particular  interest  to  the  student  of  Bordeaux  mixture, 
are  formed  when  cupric  sulfate  and  calcium  hydrate  are  com- 
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bined  in  the  proper  proportions  to  give  the  following  ratios 
of  cupric  sulfate  to  calcic  oxide:  4CuO.S03,  1;  0.166;  5CuO.- 
803,1:0.181;  lOCuO.SO.,,  1:0.2;  lOCuO.SOj  CaO,  1:0.269. 
The  basic  sulfates  4CuO.S03  and  oCuO.SOs  are  somewhat 
soluble  in  the  mother  liquor,  the  former  to  the  extent  of  1  part 
in  40,000,  the  latter  to  the  extent  of  1  to  2  parts  per  raiUion. 
The  other  basic  salts,  however,  are  quite  insoluble  in  the 
mother  liquor,  though,  beginning  with  lOCuO.SOs,  they 
dissoh^e  with  increasing  readiness  in  saccharose. 

When  the  basic  sulfates  are  boiled,  IOCUO.SO3  decomposes 
with  formation  of  cupric  oxide,  but  the  other  basic  salts  are 
not  affected.     Xone  of  the  basic  salts  crj'stallize  with  age. 

In  practice  the  only  basic  sulfates  that  can  be  found  in 
Bordeaux  mixtures  are  SCuO.SOs,  lOCuO.SOs,  and  10  CuO.- 
SO3,  3CaO  either  alone  or  mixed,  according  to  Pickering, 
T^nth  a  more  highly  basic  salt  the  composition  of  which  has 
not  been  determined,  4CuO.S03  does  not  occur,  since  even 
in  acid  Bordeaux  mixtures  the  ratio  of  cupric  sulfate  to  quick- 
lune  will  always  be  such  that  the  lowest  basic  sulfate  that 
could  be  formed  would  be  SCuO.SOs. 

In  neutral  Bordeaux  mixtures  cupric  oxide  gradually  forms 
on  standing,  but  does  not  appear  in  mixtures  in  which  the 
ratio  of  cupric  sulfate  to  calcium  oxide  lies  between  1:0.25 
and  1:1.  WTien,  however,  mbctures  of  these  latter  tj^ses  are 
boiled,  cupric  oxide  may  or  may  not  form,  its  appearance 
depending  on  the  percentage  strength  in  cupric  sulfate  of 
the  nuxture,  as  a  study  of  Table  I  will  show.^^ 

Table  I — Effect  of  Boiling  on  the  Development  of  Cupric   Oxide 
IN  Bordeaux  Mixtures 
Strength  of  Mixture         Ratio 

Percent  CuSOi:CaO  Cupric  Oxide 

2  ,  1:1,001 

2  1:0.50 

2  1:0.26  1  Formed 

1  1:1. oof 

1  1  :  0 .  50  I 

1  1:0.25  I 

0.5  1:1001  Not  formed 

0.5  1:0.501 

0.5  1  :0.25  Formed 

0 .  23  1  :  1 .  00  1  Not  formed 

0.125  1:1.00) 

These  data  show  that  as  soon  as  there  is  sufficient  calcium 
hydrate  in  solution  to  give,  on  combining  with  the  cupric 
sulfate,  the  basic  sulfate  lOCuO.SO3.3CaO  or  IOCUO.SO3.- 
3CaO  admixed  with  higher  basic  salts,  no  cupric  oxide  forms 
on  boiling  the  mixtui-e. 

When  first  prepared  the  Bordeaux  mixtures  encountered 
in  practice  form  gelatinous  precipitates,  which  are  not  usually 
stable  and  change  more  or  less  profoundly,  depending  on  the 
temperature,  the  percentage  strength  in  cupric  sulfate, 
and  the  ratio  cupric  sulfate  to  calcium  oxide  used.  In  acid 
and  neutral  Bordeaux  mixtm-es  cupric  o.xide  gradually 
forms  and  the  precipitate  becomes  granular;  in  alkaline 
Bordeaux  mixtures  the  gelatinous  precipitate  is  usuaOj-  re- 
placed by  spherocrystals.  If  one  prepares  a  series  of  Bor- 
deaux mLxtures  containing  0.125,  0.25,  0.50,  1,  2,  4,  and  6 
per  cent  cupric  sulfate,  ui  which  the  ratio  of  cupric  sulfate 
to  calcium  o.xide  is  1:1,  he  vciU  find  that  spherocrystals  will 
appear  in  all  the  mixtures  except  the  0.125  per  cent  wash. 
Bordeaux  mixtures  in  wliich  the  ratio  of  cupric  sulfate  to 
calcium  oxide  is  1 : 0.5  behave  similarly  to  1:1  mLxtures. 
The  0.125  per  cent  mixture  shows  little  or  no  change  with 
age,  while  in  the  stronger  mixtures  blue  spherocrystals,  ap- 
parently similar  to  those  occurring  in  the  1:1  mixtures, 
appear,  but  more  slowly  than  in  washes  of  the  latter  type. 
It  was  found  that  in  alkaline  Bordeaux  mix-ture  cupric  oxide 
did  not  always  form  when  the  wash  was  boiled.  There  is 
no  relation  between  the  formation  of  cupric  oxide  and  the 
development  of  spherocrystals  on  standing.  It  would  ap- 
pear that  in  Bordeaux  mixtures  the  copper  salt  at  first 
formed  is  not  stable.  In  acid  and  neutral  washes  it  changes 
graduallj'  to  cupric  oxide;  in  the  alkaline  washes  the  change 


is  to  the  formation  of  spherocrj'stals  irrespective  of  the 
reaction  given  by  the  copper  salt  when  the  mixture  is  first 
made.  Tliese  differences  are  due  to  the  limited  solubility 
of  calcium  hydrate.  In  strong  Bordeaux  mixtures  the  copper 
is  precipitated  in  the  same  form,  but  if  the  calcium  hydrate 
in  the  form  of  milk  of  lime  is  used  in  large  excess  the  reaction 
will  continue  until  equilibrium  is  reached. 

The  crystallization  of  Bordeaux  mixtures  may  be  pre- 
vented by  the  use  of  a  small  amount  of  saccharose.  Kel- 
hofer,"  who  first  proposed  the  use  of  saccharose  for  this 
purpose,  states  that  the  amount  required  is  determined  by 
the  ratio  cupric  sulfate  to  calcium  oxide  used.  For  a  1  per 
cent  Bordeaux  mixture  1 : 1  the  amount  reciuired  for  50  gallons 
is  2  ounces.  Alkaline  Bordeaux  mixtures  containing  small 
amounts  of  saccharose  remain  gelatinous  for  a  number  of 
months,  but  eventuaUy  cuprous  and  cupric  oxides  form. 

Adhesiveness  of  Bordeaux  Mtxtdres 

The  adhesiveness  of  Bordeaux  mixtures  has  been  studied 
by  several  investigators,"  and  the  subject  is  one  of  con- 
siderable practical  importance. 

Acid  Bordeaux  mixtures  are  less  adhesive  than  neutral 
washes,  and  verj'  alkaline  washes  are  not  as  adhesive  as 
mixtures  in  wliich  the  ratio  of  cupric  sulfate  to  quicklime 
is  1:0.5.  From  the  standpoint  of  adhesiveness  there  is  no 
reason  for  increasing  the  hme  content  of  a  Bordeaux  mix- 
ture beyond  the  amount  required  to  give  the  ratio  1:0.5. 
The  adhesiveness  of  a  strictly  neutral  Bordeaux  mixture 
prepared  from  limewater — that  is,  a  mixture  in  which  the 
ratio  of  cupric  sulfate  to  calcium  oxide  is  1 : 0.2 — is  extremely 
poor  since  it  is  very  highly  gelatinous,  so  gelatinous  that 
when  it  dries  on  a  leaf  the  rate  of  drjdng  of  the  surface  ex- 
posed to  the  air  is  so  much  faster  than  that  of  the  layer  in 
contact  with  the  leaf,  that  the  tension  produced  causes  the 
edges  to  curl  to  such  an  extent  that  the  greater  part  of  the 
mixture  flakes  off.  A  strictly  neutral  Bordeaux  mixture  is 
not  ser\-iceable  in  practice.  In  fact,  it  is  rather  doubtful 
whether  any  benefit  is  to  be  derived  from  using  extremely 
gelatinous  mixtures.  TVTiat  is  needed  is  copper  in  a  very 
fine  state  of  di^^sion.  For  instance,  if  we  study  the  rate  of 
settlement  of  a  1  per  cent  Bordeaux  mixture  1 : 1  made  with 
water  at  10°  C,  a  very  gelatinous  mixture,  with  a  similar 
mixture  made  with  water  at  30°  C,  a  wash  in  which  the  cop- 
per is  precipitated  partlj'  in  granular  form,  we  will  find  marked 
differences  in  their  rates  of  settlement  but  no  difference  in 
their  adhesiveness  to  Coleus  leaves. 

Table  II — Effect  of  Temperature  of  Water  Used  on  the  Rate  of 
Settlement  and  Adhesiveness  of  1  Per  cent  Bordeaux  Mixture  1:  1 

Mixture  Made       ' Relative  Numbers ^    Adhesiveness 

WITH  '/•■  Hr.  1  Hr.  2  Hrs.       10  =  perfect 

Water  at  10°  C.  6.5  22.5  66.0  7.1 

Water  at  30°  C.         100.0  250  0  445.0  7.1 

It  has  generally  been  assumed  that  the  adhesiveness  of 
a  Bordeaux  mixture  was  greater  in  slowly  than  in  rapidly 
settUng  mixtures  and  better  in  freshly  made  than  in  mixtures 
that  had  been  prepared  for  some  time.  The  data  in  Table 
II  show  that  too  much  importance  should  not  be  attached  to 
the  method  of  mixing,  but,  on  the  other  hand,  the  opinion 
that  a  freshly  made  mixture  is  more  adhesive  than  one  that 
has  been  allowed  to  stand  would  seem  to  be  sound  in  the 
case  of  Bordeaux  mixtures  that  crj'staUize.  The  data  in 
Table  III  show  that  a  Bordeaux  mixture  in  which  the  copper 
precipitate  has  assumed  the  crj-staUine  form  is  much  less 
adhesive  than  a  freshly  made  wash. 

Table  III — Relative  Adhesiveness  of  1  Per  cent  Bordeaux  Mixture 
1  : 1  Freshly  Made  and  Deterior.\ted'* 

.Adhesiveness,  10  =  perfect 
Copper  precipitate  gelatinous  6.7 

Copper  precipitate  crj'Stalline  4.7 
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Biological  Properties 

Physical  Effects — Bordeaux  mixtures  are,  as  a  simple 
inspection  of  the  dried  washes  would  show,  unequally  trans- 
parent, the  opacity  increasing  as  the  ratio  of  cupric  sulfate 
to  calcium  oxide  approaches  unity.  One  would  tlierefore 
expect  that  a  plant  sprayed  with  a  neutral  wash  would  re- 
spond somewhat  differently  than  a  plant  sprayed  with  an 
alkaline  mixture,  and,  effectively,  as  the  data  in  Table  IV 
show,  we  find  that  the  sprayed  plant  develops  normally 
on  the  one  hand  and  slightly  abnormally  on  the  other. 


Table  IV — Effect  of  Spraying  with  Bordeaux 

Mixture  a 

ND  Milk 

OF  Lime  on  Dry 

Matter 

Formed 

AND  Transpiration  per  G 

SAM  Dry 

Matter" 

Transpiration  per 

Gram 

, — 

Dry  Weight- 

.       ,. 

] 

Dry  Matter 

. 

Sprayed  with 

Sprayed 

1  with  Bor- 

Bordeaux 

Mixture 

Not 

deaux 

Mixture 

Not 

1:1      1: 

Alkaline 

Sprayed 

1:  1 

1:  Alkaline 

Sprayed 

Variety  Used 

G. 

G. 

G. 

G. 

G. 

G. 

Radish  Early 

0.74 

0.95 

0.66 

27.80 

25.20 

24.20 

Scarlet  Globe 

1.97 

2.33 

2.74 

37.50 

27.60 

30.60 

2.67 

3.10 

2.92 

40.73 

32.39 

34.84 

Average.  . 

.1.79 

2.12 

2.10 

35.34 

28.39 

29.88 

Tomato  Bonny- 

2.42 

3.18 

2.95 

19.70 

9.77 

9,95 

Best 

7.59 

8.47 

8.43 

23.82 

21.83 

22.06 

Average.  . 

.5.00 

5.82 

5.69 

21.76 

15.80 

16.00 

Bean  Dwarf 

3.28 

3.41 

3. 68 

20.20 

18.20 

18.70 

Horticultural 

3.60 

4.76 

5.38 

6.52 

4.97 

4.78 

Average.  . 

.3.44 

4  08 

4.53 

13.66 

11.58 

11.74 

The  literature  is  not  in  agreement  in  regard  to  the  effect 
of  Bordeaux  mixtures  on  the  rate  of  transpiration  of  sprayed 
plants,  though  the  weight  of  the  evidence  indicates  increased 
transpiration.'^  It  has  been  observed  by  Daggar  and 
Bonns'^  that  spraying  with  Bordeaux  mixture  increases 
transpiration  especially  at  night.  The  writer  has  observed 
that  increased  transpiration  is  noticeable  especially  under 
conditions  favorable  for  radiation  and  that  Bordeaux  mix- 
tures are  opaque  to  the  infra-red.  We  would  therefore 
expect,  other  things  being  equal,  sprayed  plants  to  transpire 
more  actively  at  night  than  nonsprayed  plants.  However, 
it  should  be  noted  that  increased  transpiration  of  sprayed 
plants  at  night  does  not  of  itself  account  for  the  effect  of 
Bordeaux  mixtures,  because  all  Bordeaux  mixtures  cause 
increased  transpiration  to  some  degree  but  they  do  not  all 
affect  plants  in  a  similar  manner.  The  response  of  sprayed 
plants  is  to  be  attributed  to  difference  in  translucency  of  the 
mixtures  to  the  solar  spectrum.  Schrander"  was  the  first 
to  advance  the  view  that  the  action  of  Bordeaux  mixture 
on  plants  was  one  of  shade.  Bordeaux  mixtures,  however, 
while  not  equally  opaque  to  luminous  radiations,  do  not  show 
inter  se  quite  so  marked  differences  as  the  behavior  of  the 
sprayed  plants  indicates  that  they  should.  The  response 
obtained  is  not  due  to  shade,  using  the  term  in  its  ordinary 
acceptance,  but  to  different  degrees  of  athermancy  of  the 
washes  to  the  spectrum.  When  the  spectrum  as  a  whole  is 
considered  1  per  cent,  alkaline  Bordeaux  mixture  is  much 
more  opaque  than  neutral  Bordeaux  mixture,  and  there  is 
concordance  between  the  physical  properties  of  the  washes 
and  the  response  of  plants  sprayed  with  them. 

Chemical  Effects — When  we  study  the  response  of 
sprayed  plants  to  the  chemical  action  of  Bordeaux  mixtures 
we  find  rather  a  complex  situation — we  have  to  consider 
the  effect  of  the  mixture  at  the  time  of  appUcation,  and  tlie 
effect  of  the  mixture  after  it  has  dried.  The  effect  of  Bor- 
deaux mixtures  after  they  have  dried  seems  to  be  due  en- 
tirely to  the  sensitiveness  of  the  plant  to  soluble  copper. 
The  action  of  Bordeaux  mixtures  at  the  time  of  their  appli- 
cation depends,  on  the  other  hand,  on  the  type  of  mixture 
used,  on  the  kind  and  variety  of  plant  sprayed,  and  on  the 
nature  and  age  of  the  organ  sprayed.  In  the  grape,  when 
Bordeaux  mixtures  are  injurious  it  will  be  found  that 
alkaline  washes  are  more  injurious  than  neutral  mixtures, 
and  that  it  is  the  young  leaves  that  are  damaged.    In 


the  peach,  alkaline  washes  are  more  injurious  to  youug 
than  to  old  leaves,  and  neutral  mixtures  more  injurious 
to  old  than  young  leaves.  But,  unlike  the  grape,  the 
peach  is  sensitive  to  soluble  copper  and  eventually  the 
differences  in  behavior  of  the  foliage  following  spraying 
are  masked  by  copper  injury.  In  the  tomato,  alkaline 
washes  are  more  injurious  than  neutral  Bordeaux  mix- 
tures, the  injury  due  to  alkalinity  being  noticeable  on 
the  young  leaves.  In  the  apple,  neutral  and  alkaline  Bor- 
deaux mixtures  of  the  usual  types  are  injurious.  The  de- 
gree of  alkalinity  of  the  wash  seems  to  have  little  or  no  in- 
fluence on  the  intensity  of  the  injury  produced.  However, 
the  apple  is  somewhat  sensitive  to  soluble  copper  and  the 
fruit  much  more  so  than  the  foliage.  In  fact,  the  apple  is 
so  sensitive  to  sohible  copper  after  the  blossoms  have  fallen 
that  Sanders  and  Brittain  introduced  Bordeaux  mixtures 
in  wliich  the  ratio  of  cupric  sulfate  to  calcium  oxide  is  1 : 3 
and  1:5  in  order  to  reduce  injury.  Bordeaux  mixtures  of 
this  type  can  be  used  on  the  apple  very  successfully,  and  cause 
very  little  if  any  injury.  The  reduction  in  the  amount  of 
the  injury  produced  is  not  brought  about,  however,  by  any 
change  in  the  nature  of  the  copper  precipitate  formed,  but 
by  the  fact  that  such  a  large  excess  of  lime  both  delays  and 
impedes  carbonation  and  consequently  the  dissolution  of  the 
copper  in  meteoric  water. 
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Cellophane  Plant  under  Construction 

Cellophane,  a  transparent,  cellulose  product,  used  largely  in 
millinery  for  decoration  and  in  other  trades  for  wrapping  pur- 
poses, is  to  be  manufactured  by  the  du  Pont  Cellophane  Co., 
a  subsidiary  of  the  E.  I.  du  Pont  de  Nemours  &  Company.  A 
plant  to  cost  approximately  S2, 000,000  is  now  being  constructed 
on  the  Niagara  River  at  Buffalo,  N.  Y.  This  will  be  the  first 
plant  to  manufacture  this  product  in  the  United  States.  Cello- 
phane has  been  produced  in  France  for  the  past  several  years 
and  its  use  is  extending  for  wrapping  purposes  for  confectionery, 
biscuits,  cakes,  tea,  coffee,  cocoa,  meat  products,  and,  in  fact, 
for  nearly  all  articles  of  food,  as  well  as  for  perfumery,  soap, 
various  toilet  preparations,  pharmaceutical  products,  and  others. 

It  is  an  important  addition  to  the  list  of  cellulose  products 
produced  by  chemists  for  commercial  uses  during  the  last  several 
years.  It  is  nongelatinous,  will  not  melt  in  boiling  water,  or 
decay.  It  is  described  as  entirely  harmless,  water-_  and  grease- 
proof, odorless,  and  can  be  dyed  in  any  shade,  printed  or  em- 
bossed, making  it  especially  attractive  as  millinery  decoration. 
It  is  manufactured  in  either  sheets  or  rolls. 

The  du  Pont  Cellophane  Company  has  obtained  the  patent 
rights  for  North  America  and  pending  the  completion  of  its 
factory  at  Buffalo  will  be  the  selling  agents  in  this  country  for 
the  product.  The  company  is  now  importing  it.  It  is  expected 
that  the  new  factory  will  be  completed  in  May  or  June  of  next 
year. 
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Analysis  of  Triphenylmethane  and  Azo  Dyes  by 
Titanous  Chloride' 


By  W.  S.  Calcott  and  F.  L.  English 

E.  I.  Du  Pont  de  Nemours  &  Co.,  Wilmington,  Del. 


ALTHOUGH  the  ap- 
plication of  titanous 
cliloride  to  the  anal- 
ysis of  dyes  was  intro- 
duced by  Knecht  and  Hib- 
bert  about  twenty  years 
ago,-  little  seems  to  have 
been  done  in  the  commer- 
cial application  of  the  method,  in  this  country  at  least,  until 
the  last  few  years.  This  seems  to  be  attributable  chiefly  to 
the  long-standing  prejudice,  on  the  part  of  both  dye  man- 
ufacturers and  consumers,  against  any  form  of  chemical  anal- 
ysis of  dyes,  upon  the  ground  that  the  only  criterion  of  the 
value  of  a  dye  is  the  dye  test.  While  this  is  undoubtedly 
true  so  far  as  shade,  fastness  to  light  and  washing,  bright- 
ness, etc.,  are  concerned,  sufficient  data  are  now  avaOable  to 
prove  the  superiority  of  the  chemical  method  in  the  estima- 
tion of  strength.  In  the  standardization  of  dyes  for  the 
trade,  the  titanous  chloride  titration  has  therefore  supple- 
mented rather  than  superseded  the  dye  test. 

Perhaps  an  even  greater  service  is  rendered  as  a  guide  and 
control  in  the  manufacturing  processes.  The  lack  of  a  rapid 
and  accurate  method  for  determining  the  purity  of  dj'es  has 
been  a  source  of  embarrassment  in  the  synthetic  work  in 
both  laboratory  and  plant.  Heretofore,  the  dye  test  has 
been  the  basis  for  the  estimation  of  yields,  but  this  method 
alone  is  unsatisfactory  for  the  purpose,  not  only  because  of 
the  large  variations  frequently  encountered  between  duplicate 
determinations  upon  the  same  sample,  but  also  because  the 
results  must  be  expressed  in  terms  of  some  arbitrary  standard, 
the  composition  of  which  is  usually  unknown.  The  results 
of  the  titanous  chloride  titration,  on  the  other  hand,  may 
be  calculated  upon  the  basis  of  either  absolute  purity  or  the 
standard  dye,  as  desired. 

The  determination  of  elemental  constituents  of  the  dye 
molecule,  nitrogen,  sulfur,  etc.,  has  been  used  to  a  slight  ex- 
tent, but  little  confidence  can  be  placed  in  the  results,  since 
the  impurities  in  the  sample  usually  contain  the  element 
sought. 

Preparation  and  STANDARnizATioN  of  Solutions 

For  all  dye  titrations  a  0.05  N  titanous  cliloride  solution 
was  used,  the  method  of  preparation,  storage,  and  use  having 
been  previously  described  in  detail.'  Standardization  was 
accomplished  by  means  of  Metanil  Yellow  purified  as  de- 
scribed later  under  the  analysis  of  that  compound.  The 
procedure  consisted  in  dissolving  about  0.20  gram  of  the  dye 
in  50  cc.  of  water  and  50  cc.  of  25  per  cent  sodium  tartrate 
solution,  boiling  to  expel  air,  and  titrating  the  hot  solution 
to  a  colorless  end  point  in  an  atmosphere  of  carbon  dioxide. 
Triplicate  titrations  should  agree  within  0.2  per  cent  in  the 
normality  factor. 

1  Presented  before  the  Division  of  Dye  Chemistry  at  the  65th  Meeting 
of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2  to  7,  1923. 

'- Ber..  36,  166.  1549  (1903);  38,  3318  (1905);  40,  3819  (1907) ;  "New 
Reduction  Methods  in  Volumetric  Analysis,"  Longmans,  Green  &  Co.,  1910, 
reprinted  with  additions  in  1918. 

'  This  Journai,,  12,  994  (1920). 


The  titanous  chloride  titration  has  been  applied  in  the  determi- 
nation of  strength  of  commercial  dyes  of  the  triphenylmethane  and 
azo  classes,  satisfactory  results  having  been  obtained  in  the  routine 
analysis  of  about  thirty  representatives  of  the  former  and  over  a 
hundred  of  the  latter.  The  method  gives  results  accurate  to  about 
0.5  per  cent. 


Triphenylmethane  Dyes 

Three  representatives  of 
this  class,  Pontacyl  Green 
S,  Crystal  Violet  and  Vic- 
toria Green,  were  studied, 
their  titration  presenting 
no  difficulty. 


N(CH3)3 


PoNTAcvL  Green  S 


Crystal  Violet 


:;c 


'— N(CHi)!.3HjC204 


Victoria  Green 

The  reaction  consists  in  the  reduction  of  the  dye  to  its 
leuco  base  with  the  consumption  of  two  atoms  of  hydrogen, 
the  analytical  procedure  being  as  follows: 

Dissolve  the  sample  (equivalent  to  30  to  50  cc.  of  0.05  N 
titanous  chloride)  in  a  mixture  of  50  cc.  of  water  and  50  cc.  of 
alcohol^  in  a  300-cc.  Erlenmeyer  flask.  Add  50  cc.  of  25  per  cent 
sodium  tartrate  solution,  boil  3  to  5  minutes,  admit  a  rapid 
stream  of  carbon  dioxide,  and  titrate  the  hot  solution  with  0.05 
N  titanous  chloride  to  the  last  distinct  color  change,  passing  car- 
bon dioxide  throughout  the  titration.  With  average  dye  samples 
the  end  points  are  sharp,  being  determinable  within  two  to  four 
drops  of  titanous  chloride. 

The  samples  upon  which  the  experimental  work  was  done 
were  purified  by  repeated  crystallizations  from  water  and 
alcohol,  the  purity  of  the  final  product  being  checked  by 
nitrogen,  sulfur,  or  chlorine  determinations. 

Wide  variations  were  made  in  the  conditions  of  the  analysis, 
the  results  obtained  upon  Pontacyl  Green  S,  set  forth  in 
the  following  tables,  being  typical  of  the  other  dyes  studied 
and  proving  the  titration  to  be  independent  of  reasonable 
variations  in  procedure. 

Table  I — Effect  of  Concentration  of  Sodium  Tartrate 
(Assay  =  0.3049  gram,  1  cc.  TiCU  =  0.01219  gram  dye) 
25%  Sodium  Tartrate        TiCIs  Purity 


No  end  point 

About  25 

24.05 

96.20 

24.08 

96.32 

24.05 

96.20 

24.10 

96.40 

In  these  experiments,  one-half  the  proper  size  sample  was 
used  because  of  the  small  amount  of  purified  material  avail- 
able.    In  Nos.  1  and  2,  the  color  of  the  solution  at  the  end 

*  Alcohol  denatured  with  benzene  is  satisfactory. 
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of  the  titration  was  red  and  the  end  point  indistinct.  The 
fact  that  18  cc.  of  the  25  per  cent  tartrate  (Na2C4H406.2H20) 
are  equivalent  to  the  free  hydrochloric  acid  in  25  cc.  of  the 
titanous  chloride  solution  indicates  that  free  mineral  acid 
is  detrimental,  but  in  addition  to  this  buffer  action  the  tar- 
trate has  a  specific  effect  since  titrations  in  the  presence  of 
an  equivalent  amount  of  sodium  acetate  were  unsuccessful. 


ue  II — Effect  < 
r  =  0.3049  gran 
Temp. 


■  TEMPERA! 

I  cc.  TiCIj 


24.06 
24.03 
24.07 


RE  OF  Titration 
0.01219  gram  dye) 

%  ^ 
96.24 
96.12 
96.28 


96,20 


The  temperature  of  titration  is  thus  seen  to  have  no  appre- 
ciable effect  upon  the  reaction. 


.BLE  III— Effect  o 

F  VaRIATIC 

)N  IN 

'  Al,COHOL 

=  0.3049  gram,  1  c 

c.  TiClj  = 

0.01 

219 

gram  dye) 

Alcohol 
Cc. 

TiClj 
Cc. 

Purity 

% 

is 

2,5 
SO 

23.81 
23.93 
24.12 
24.10 

95.24 
95.72 
96.48 
96.40 

In  Nos.  1  and  2  the  sample  was  not  in  complete  solution. 
The  concordant  results  of  Nos.  3  and  4  indicate  that  alcohol, 
in  excess  of  a  certain  necessary  minimum,  has  no  effect. 

The  following  analyses  were  made  upon  material  that  had 
been  crystallized  three  times: 

Table  IV — Analysis  of  Pure  Pontacyl  Green  S 
(Assay  =  0.6097  gram,  1  cc.  TiClj  =  0.01219  gram  dye) 

TiCIa  Purity 

No.                                  Cc.  % 

1  49,85  99.70 

2  49.92  99.84 

3  49.89  99.78 

4  49.97  99.94 

5  50.03  100.06 

6  49.90  99,80 

Average    99.85 

Crystal  Violet  behaved  in  all  respects  like  Pontacj-I  Green 
S,  but  in  the  analysis  of  Victoria  Green  a  little  difficulty  was 
encountered  due  to  the  variable  composition  of  the  dye  sam- 
ples. The  formula  for  this  dye  gi\-en  in  the  standard  ref- 
erence books  shows  the  commercial  article  to  contain  two 
mols  of  dye  base  to  three  of  oxalic  acid,  which  would  give 
an  oxalic  acid  content  of  29.1  per  cent.  When,  however, 
pure  material  was  prepared  bj^  repeatedly  recrj'stallizing 
from  1  per  cent  aqueous  oxalic  acid  solution  and  drying  to 
constant  weight  in  vacuo  at  40°  C,  the  product,  when  an- 
alyzed by  the  procedure  found  satisfactory  for  Pontacyl 
Green  S,  gave  results  varying  from  103.2  to  104.4  per  cent, 
calculated  on  the  basis  of  the  preceding  formula.  These 
high  results  cast  suspicion  upon  the  oxalic  acid  content, 
to  confirm  which  oxalic  acid  determinations  were  made 
through  the  gravimetric  calcium  oxalate  procedure.  These 
showed  the  oxalic  content  of  different  samples  to  be  quite 
variable,  results  between  23.0  and  26.3  per  cent  oxalic  acid 
being  obtained ;  the  lower  values  were  yielded  by  the  samples 
crystallized  from  water  and  the  higher  by  those  from  dilute 
oxalic  acid.  When  this  indefiniteness  of  constitution  was 
taken  into  consideration,  satisfactory  analyses  were  obtained 
by  the  titration  method,  as  indicated  by  the  results  set  forth 
below,  obtained  upon  samples  crystallized  from  dilute  oxalic 
acid. 

Table  V — Complete  Analysis  of  Victoria  Green  Samples 

Sample  A  Sample  B 

Constituent  Determined                               %  % 

Dye  by  TiClj  (calcd.  without  HiCsOi) 72.40  72.58 

HiCiOi... 26.14  26,30 

HaO  (50°  C,  in  rarao) 1.12  1.27 

Total 99,66  100,15 


In  addition  to  these  three  dyes  studied  in  detail,  the  titra- 
tion has  been  applied  successfully  in  the  routine  laboratories 
to  various  other  triphenylmethane  colors. 

Azo  Dyes 

In  attempting  to  apply  the  methods  for  the  titration  of 
azo  dyes  recommended  by  Knecht  and  Hibbert,^  difficulty 
was  frequently  encountered  in  the  high  color  of  the  reduced 
solution,  which  masked  the  end  point  of  the  titration. 
Investigation  revealed  the  fact  that  this  color  depends  to 
a  large  extent  upon  the  nature  of  tlie  medium  in  which  the 
sample  is  dissolved,  so  that  by  a  judicious  choice  of  solvents 
the  direct  titration  of  a  dye  is  made  possible  which  otherwise 
would  require  the  less  convenient  indirect  method.  Un- 
fortunately, no  means  of  predicting  the  required  solvent 
mixture  from  the  constitution  of  the  sample  has  been  estab- 
lished to  date;  consequently,  in  undertaking  the  analysis 
of  a  new  dye,  the  medium  must  be  determined  by  trial.  On 
the  other  hand,  the  data  acquired  in  the  analysis  of  a  large 
number  of  azo  dyes  show  that  any  combination  of  the  solvents 
experimented  with  which  yields  a  sharp  end  point  gives  con- 
cordant results  of  suflScient  accuracy  for  commercial  purposes. 
It  may  also  be  stated  that  in  all  direct  titrations  of  azo  dyes 
the  presence  of  sodium  tartrate  (or  Rochelle  Salt)  is  either 
absolutely  necessary  or  highly  advantageous  and,  conversely, 
in  all  back  titrations  excess  of  sodium  tartrate  must  not 
be  present  since  titanous  chloride  is  decomposed  upon  boiling 
in  the  absence  of  free  mineral  acid. 

From  these  considerations  it  is  evident  that  no  procedure 
of  universal  application  can  be  given.  The  general  outline 
of  the  methods  employed  is  as  foUows: 

Direct  Titration — Dissolve  the  sample,  which  should  be 
equivalent  to  30  to  50  cc.  of  0.05  N  titanous  chloride,  in  50  to 
100  cc.  of  an  appropriate  solvent  (water,  alcohol,  acetic  acid,  or 
mixtures  of  these)  in  a  300-cc.  Erlenmeyer  flask,  add  50  cc.  of 
25  per  cent  sodium  tartrate  solution,  and  boil  for  3  to  5  minutes. 
Admit  a  rapid  stream  of  carbon  dioxide,  connect  the  flask  to  the 
biu'et,  and  titrate  the  hot  solution  with  0.05  N  titanous  chloride 
to  the  last  distinct  color  change.  If  the  standard  solution  is 
added  in  0.2-cc.  portions  toward  the  end  of  the  titration,  a  satis- 
factory end  point  can  be  detected  in  even  a  quite  highly  colored 
solution. 

Indirect  Titration — Dissolve  the  sample  (equivalent  to 
about  30  cc.  of  titanous  chloride  solution)  in  50  to  100  cc.  of  sol- 
vent, add  25  cc.  of  40  per  cent  sulfuric  acid  or  concentrated  hy- 
drochloric acid,  boil  to  expel  dissolved  air,  sweep  with  carbon 
dioxide,  and  add  50  cc.  of  0.05  N  titanous  chloride  solution. 
Boil  5  minutes  and  titrate  the  hot  solution  with  0.05  N  ferric 
alum  solution.  It  frequently  happens  that  the  reduction  prod- 
ucts of  the  dye  serve  as  indicator,  Ijut  if  this  is  not  the  case  2  cc. 
of  a  0.1  per  cent  solution  of  reduced  Methylene  Blue  should  be 
added  previous  to  the  back-titration.  This  indicator  is  prepared 
by  dissolving  0.5  gram  of  dye  in  100  cc,  of  50  per  cent  alcohol  and 
50  cc.  of  25  per  cent  sodium  tartrate  solution,  titrating  hot  with 
titanous  chloride  to  discharge  off  the  blue  color  and  diluting  to 
500  cc.  The  solution  should  be  stored  under  carbon  dioxide,  as 
it  is  rapidly  reoxidized  by  air. 

Either  method  is  rapid,  the  direct  titration  requiring  15 
to  20  minutes  and  the  back  titration  but  little  longer,  and  the 
results  by  either,  when  applied  to  average  samples,  should 
be  reproducible  within  about  0.5  per  cent.  In  the  analysis 
of  dye  mixtures,  the  results  cannot  be  calculated  upon  the 
absolute  basis  of  the  Metanil  YeUow  standardization,  but 
must  be  expressed  in  terms  of  a  standard  dye  known  to  con- 
tain the  same  ingredients  as  the  sample'  in  approximately 
the  same  ratio. 

In  all  cases  the  samples  dealt  with  were  purified  by  re- 
crystallization  from  water  or  mixtures  of  alcohol  and  water, 
and  the  purity  of  the  final  product  was  checked  by  elementary 
analysis.  Since  Metanil  Yellow  wis  used  as  the  ultimate 
standard,   especial   care  was   exercised   in  its  purification, 

'  "New  Redaction  Methods  in  Volumetric  Analysis,"  1918,  p.  76. 
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Molecutai 
Dyb  Weight 

Metanil  Yellow  375.3 

Orange  II  350.2 

Chrome  Black  6B      394  .  3 

Sky  Blue  63  992.7 

Basic  Brown  G  419  2 

Basic  Brown  B  4IU.3 

Chrysoidine  R  262  . 7 

a  I  cc.  of  iron  solution  = 


Table  VI — Analysis  op  Azo  Dyes  by  Titanous  Chloride 
Normality 


Composition 
Metanilic  acid  +  diphenylamine 
Metanilic  acid  +  p-naphthol 
1:2:4  acid'+  p-naphthol 

Dianisidine  +  2  Chicago  acids 

3-Phenylenediamine 

3-Tolylenediamine 

Tolylenediamine  +  aniline 
=  1.062  cc.  of  TiClj. 


1         0.04552 
'i         o! 04897 


1  0.04552 

2  o! 04803 
2  o' 64803 
i  o!  04803 


Assay 

G. 
0.2000 
0.2100 
0.2299 
0.2000 
0.2000 
0.2415 
0.2415 
0  2415 
0.2824 
0.2824 
0.2824 
0.1259 
0.12.59 
0.1259 
0.1388 
0.1388 
0.1388 
0.1577 
0.1577 
0.1577 


50  water 
( 50  alcohol 
■j  25  water 
(  25  acetic 


TiCU 
Cc. 
46.85 
49.15 
50.01 
49.96 
50.06 
49.50 
49.50 
49.40 
44.25 
44.45 
44.40 
50.00 
50.00 
50.00 
50.00 
55.00 
60.00 
49.90 
49.85 
49.92 


Purity 

by  TiCIj 

% 

100.04 
99.98 

100.02 
99.56 
99.76 
99.00 
99.00 
98.80 
88.50 
88.90 
88.80 
74.00 
74.00 
74.40 
87.40 
87.00 
87.00 
99,80 
99.70 
99.84 


Purity  by 
Sulfur  or 

Nitrogen 
% 


N 

99.8 

N 
S 

98.5 
99.3 

N 
S 

88.5 
88.6 

N, 

74.5 

N, 

87.6 

N 

99.05 

the  crystallizations — two  from  water  and  three  from  alcohol — 
being  continued  until  the  final  crop  of  crystals  and  the  ma- 
terial obtained  upon  concentration  of  the  last  mother  liquor 
consumed  identical  percentage  quantities  of  titanous  cliloride. 
The  final  product  was  dried  to  constant  weight  at  120°  C. 

In  the  foregoing  table  are  summarized  typical  results  ob- 
tained upon  representative  azo  colors.  In  Column  4,  the 
figures  1  and  2  refer,  respectively,  to  the  direct  and  indirect 
titration  procedures. 

Basic  Browns  and  Chrysoidines 

In  the  analysis  of  the  Basic  Browns  and  Chrysoidines, 
a  special  procedure  is  necessitated  by  the  instability  of  these 
compounds  toward  heat.  In  the  former  case,  which  is  an 
indirect  titration,  the  sample  was  dissolved,  the  flask  swept 
with  carbon  dioxide,  and  the  titanous  chloride  added  at  room 
temperature,  after  wliich  the  reaction  mixture  was  boiled 


and  the  determination  completed  according  to  the  usual 
procedure.     With  the  Chrysoidines,  titration  was  begun  at 
65°  C,  temperatures  above  70°  C.  causing  appreciable  de- 
composition with  consequent  low  results. 
Additional  Work 

In  addition  to  the  dyes  studied  above  in  detail,  the  titra- 
tion method  has  been  successfully  applied  in  the  routine 
laboratories  to  the  analysis  of  about  twenty-five  triphenyl- 
methane  and  over  a  hundred  azo  colors. 

Since  the  completion  of  this  investigation,  the  titration 
of  azo  dyes  with  titanous  chloride  with  electrometric  deter- 
mination of  the  end  point  has  been  described  by  Jones  and 
Lee. I*  It  is  probable  that  such  a  procedure  would  over- 
come, to  a  considerable  extent  at  least,  the  arbitrary  effect 
of  solvent  upon  the  titration  encountered  in  our  work. 

«  This  Journal.  14,  46  (1922). 


Action  of  Barium  Chloride  on  Sulfate 
in  Fused  Salts' 

By  Howard  E.  Batsford 

1520  Sunset  Ave.,  Utica,  N.  Y. 

The  action  of  barium  chloride  on  sulfate  in  aqueous  solution 
is  so  weU  known  as  not  to  need  repetition,  but  whether  this  same 
action  took  place  when  in  a  mixture  of  fused  salts,  such  as  so- 
dium and  calcium  chlorides,  was  an  open  question.  .  Foote  and 
Martin,^  as  a  result  of  investigations  on  the  action  of  barium 
chloride  in  fused  mercuric  chloride,  found  that  the  chlorides  of 
most  of  the  divalent  metals  were  not  soluble  in  mercuric  chlo- 
ride. However,  this  work,  though  of  a  similar  nature  to  that 
undertaken  by  the  writer,  was  not  conclusive  evidence  that  the 
reaction  BaClj  +  RSO,  =  BaSO,  -f-  2RC1  would  occur  in 
quantitative  amount  in  other  fused  salts. 

In  connection  with  the  electrolysis  of  fused  salts  it  is  very  de- 
sirable to  obtain  as  pure  salt  as  possible,  in  order  to  prevent  ir- 
regularities in  the  electrolytic  action.  The  usual  practice  is  to 
purify  the  salts  in  aqueous  solution,  then  to  dehydrate  them  thor- 
oughly and  proceed  to  fuse  them  for  manufacture  of  the  respec- 
tive metals. 

An  effort  was  made  to  study  the  effect  on  electrolysis  of  add- 
ing slightly  impure  or  commercial  salts  to  the  fused  cell.  The 
result  was  a  lowering  of  the  current  yield  coupled  with  foaming 
of  the  bath  and  disturbed  thermal  relations.  It  was  found  that 
barium  chloride  added  from  time  to  time  had  an  accelerating 
action  on  the  metal  production,  but  to  what  this  action  was 
attributable  was  unknown.  The  questions  naturally  arose, 
whether  barium  chloride  affected  the  cell  by  reaction  with  the 
'  Received  May  21.  1923. 
'  Am.  Chem.  J..  41,  451  (1909). 


sulfate  impurities,  and  what  effect  it  had  on  the  fusion  point  when 
added  in  small  quantities  to  the  melt. 

The  second  question  was  settled  definitely  in  a  short  time  by 
making  up  known  mixtures  of  sodium  and  calcium  chloride, 
analyzing  them,  and  running  them  for  freezing  points,  then  re- 
peating the  operation  with  samples  containing  varying  small 
quantities  of  the  barium  salt  (Fig.  1). 

The  experiment  on  the  action  of  barium  chloride  on  the  sul- 
fate occupied  several  days.  During  the  regular  operation  of  the 
electrolytic  cell  barium  chloride  was  added  hourly  in  known 
amounts,  samples  of  the  molten  electrolyte  and  bottom  sludge 
being  taken  at  proper  intervals. 

Analyses  were  made  of  all  materials  entering  and  leaving  the 
furnace,  as  well  as  of  the      _ 
material  remaining  at  the 
end  of   the  run.     On  ac- 
count   of    the  length    of 
each    rim   and  the  large  .^ 
quantities    of    electrolyte  ^ 
employed,  the   chance  of  :^ 
large  percentage  loss  was  ^  eoo 
remote.  V 

It  was  found   that   (1)  5; 
barium   chloride  did   not  t> 
change  the  freezing  point  <5i 
when  added  in  small  quan- 
tities; (2)  barium  chloride 
in   molten   salt    mixtures      ■* 
acted  as  a  purgative,  pre- 
cipitating   quantitatively  p^r  cen  f    Na  CI 
the  sulfate  existing  as  im-            p.^   i— Freezing  Point  Curve  op 
purity  in  the  salts.  NaCL-CaCli  Mixtures 
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A  Method  for  the  Determination  of  Tolidine" 

By  S.  Palkiil 
Color   Laboratory,   Bureau   of  Chemistry,   Washington,   D.    C 


THE  determination  of  tolidtne  by  nitrite  titration^ 
has  an  apparent  advantage  in  that  it  is  comparable 
to  the  process  involved  when  the  base  is  to  be  used 
for  tetrazo  dyes.  This  method  is,  however,  subject  to  the 
usual  difficulties  incident  to  diazotization,  such  as  uncer- 
tainty of  end  point  with  starch  iodide  indicator,  as  well  as 
instability  of  the  product  formed.  The  reaction  is,  more- 
over, a  time  reaction,  requiring  periodic  standing  and  ob- 
servations, to  approximate  completion  of  the  diazotization. 
An  iodometric  method^  described  by  Roesler  and  Glasmann 
has  similar  disadvantages  and  depends  upon  spot  tests  for 
determination  of  the  end  point.  Both  methods,  while  simple, 
require  considerable  skiO  and  practice  before  any  degree  of 
accuracy  can  be  approximated. 

It  is  well  known  that  tolidine  and  benzidine  form  a  number 
of  very  difficultly  soluble  salts,  and  advantage  has  been 
taken  by  Raschig*  and  others^  to  make  use  of  the  sulfates 
of  these  bases  for  determination  of  the  sulfate  radical.  No 
method  which  makes  use  of  this  property  of  tolidine  for  the 
determination  of  the  base  itself,  however,  has  been  found 
on  record.  The  Raschig^  method  requires  an  excess  of 
tolidine  to  insure  complete  precipitation. 

The  method  described  in  this  paper  makes  use  of  the 
more  soluble  salt,  the  dihydrochloride  of  tolidine,  and  de- 
pends upon  the  fact  that  the  dihydrochloride  can  be  removed 
from  aqueous  solution  by  the  introduction  of  saturated  salt 
solution.  The  tolidme  dihydrochloride,  which  is  freed  from 
excess  hydrochloric  acid  and  other  impurities  by  washing 
with  salt  solution,  can  then  be  titrated  acidimetrically,  using 
a  suitable  indicator. 

Description  of  Method 

About  0.5  to  1  gram  of  sample  is  dissolved  in  dilute,  1  A'' 
hydrochloric  acid  solution,  using  heat.  About  10  cc.  of  3.5 
per  cent  acid  will  be  required  per  gram  of  tolidine.  To  the 
tolidine  solution  is  then  added  a  saturated  sodium  cliloride 
solution,  using  about  100  cc.  of  saturated  salt  solution  to 
every  10  cc.  of  tolidine  solution.  The  tolidine  dihydro- 
chloride is  allowed  to  crystallize  out  for  about  20  or  30  min- 
utes and  is  filtered  by  suction  through  a  small  3  or  4-cm. 
paper  on  a  perforated  plate.  The  precipitate  is  washed 
several  times  with  saturated  salt  solution  to  remove  all  free 
acid  and  other  impurities. 

The  precipitate  of  tolidine  dihydrochloride  is  then  trans- 
ferred completely  to  a  150-cc.  beaker,  paper  and  all,  and 
dissolved  in  hot  water  to  a  clear  solution.  To  this  solution 
is  added  0.1  A^  ammonium  hydroxide  solution  slightly  in 
excess,  as  determined  by  methyl  red  indicator.  About  55 
cc.  of  0.1  N  ammonium  hydroxide  per  0.5  gram  of  tolidine 
is  a  convenient  amount.  The  precipitate  of  tolidine  base 
is  then  aUowed  to  stand  a  few  minutes,  filtered  by  suction, 
and  washed  with  water.    The  excess  ammonia  is  titrated 

'  Presented  before  the  Division  of  Dye  Chemistry  at  the  65th  Meeting 
of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2  to  7,  1923. 

2  Contribution  No.  78  from  the  Color  Laboratory,  Bureau  of  Chemis- 
try, Washington,   D.   C. 

*  Cain  and  Thorpe,  "Synthetic  DyestufTs  and  Intermediate  Products," 
1918,  p.  312. 

•CAern.    Ztg.,   47,   986    (1903). 

'Z.   angew.   Chem.,  26,   617   (1903). 

'Muller  and  Diirkes,  Z.  anal.  Chem.,  47,  477.  653   (1903). 


back  with  0.1  A^  hydrochloric  acid  solution,  using  methyl 
red  as  indicator,  and  the  volume  of  ammonium  hydroxide 
consumed  is  obtained  by  difference.  One  cubic  centimeter 
of  0.1  A'^  ammonium  hydroxide  equals  0.0106  gram  of  tolidine. 
Standard  sodium  or  potassium  hydroxide  may  be  used  in- 
stead of  ammonia,  but  the  usual  precaution  to  keep  it  free 
from  carbonate  must  be  taken. 

Using  this  method  in  a  series  of  tests  on  specially  purified 
tolidine  with  melting  point  129°  C,  it  was  possible  to  account 
for  99.82  per  cent  in  an  average  of  nine  determinations.  The 
minimum  recovery  in  these  experiments  was  99.52  per  cent, 
and  the  maximum  recovery  was  99.96  per  cent.  The  re- 
covery on  a  less  pure  sample  of  tolidine  with  melting  point 
of  about  128°  C.  showed  variations  of  the  same  magnitude. 
These   results   are  shown   in   Table   I. 


ABLE   I— 

Application  of 
Standard 

^  Method 

Tolidine 

Alkali 

Taken 

Consumed 

^-Tolidine 

Found — . 

Grams 

Cc. 

Grams 

Per  cent 

0.2500 

22.95 

0.2494 

99.76 

0.2.500 

22.95 

0.2494 

99.76 

0.2500 

22.9 

0 . 2488 

99.. 52 

0.5000 

46.0 

0.4998 

99.96 

0.2500 

23.0 

0.2499 

99.96 

1 . 0000 

91.9 

0.9985 

99.85 

0.5000 

45.9 

0.4987 

99.74 

0 . 5000 

45.95 

0.4993 

99.86 

0.2500 

23.0 

0.2499 

99.96 

1.0000 

91.5 

0.9941 

99.41 

0.7500 

68.5 

0.7443 

99,2 

0.1000 

9.1 

0 . 0989 

98.9 

0.0500 

4.7 

0.0510 

102.0 

1 . 0000 

91.5 

0  9941 

99.41 

1.0000 

91.5 

0.9941 

99.41 

0 . 5000 

45.8 

0.4976 

99.52 

0.2500 

22.8 

0.2477 

99.08 

0.1000 

9.1 

0.09887 

99.87 

0.0500 

4.55 

0.0494 

98.86 

a  Nos.  1  to  9  obtained  by  further  purification  from  6,  melting  point 
129°  C. 

b  Nos.  11  to  20  obtained  by  purification  of  technical  tolidine. 

Experiments  were  also  conducted  to  determine  whether 
the  method  was  sensitive  to  variations  in  salt  and  acid  con- 
centrations. As  shown  in  Table  II,  these  two  factors  are 
without  appreciable  effect. 


EFFECT    OF 

Variations 

in  Hydrochloric  Acid 

AND    So 

Chloride 

CoNCE^ 

jtrations 

Salt 

Standard 

Tolidine 

Solution 

HCl 

Alkali!) 

Tolidine 

Solutiona 

Used 

Added 

Consumed 

Found 

Cc. 

Cc. 

Cc. 

Cc. 

Grams 

5 

50 

22.6 

0,2455 

5 

50 

22,5 

0.2445 

5 

50 

o!i 

22,5 

0.2445 

5 

50 

0,2 

22,5 

0.2445 

5 

50 

0,5 

22.6 

0.2455 

5 

50 

1,0 

22,45 

0. 2439 

5 

50 

2  0 

22.8 

0.2477' 

S 

SO 

3  0 

22,55 

0.2450 

5 

50 

4   0 

22,6 

0.2455 

5 

50 

5  0 

22,65 

0,2461 

5 

50 

22.5 

0,2445 

5 

50 

22.8 

0,2477 

5 

50 

22.55 

0,2450 

5 

50 

22.65 

0,2460 

5 

40 

22.45 

0.2439 

5 

40 

22.45 

0.2439 

10 

90 

45.1 

0.4900 

10 

100 

45,2 

0.4911 

10 

80 

46,2 

0.4911 

10 

100 

45.3 

0.4921 

a  Approximately  10  grams  tolidine  and  12  cc.  concentrated  hydrochloric 
acid  dissolved  in  200  cc.  water.  1  cc.  contains  approximately  50  mg. 
tolidine. 

!>  NH.OH  solution  used  was  0.10245  W. 

Note:  Probable  error  in  pipetting  tolidine  solution  =  1  drop  (0.05  cc.) 
which  is  50  X  0.05  =  2.5  mg. 
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Some  Simplified  Routine  Tests  in  Sugar-Mill  Laboratories 


By  K.  R.  Lindfors 

Michigan  Sugar  Co..  Saginaw,  Mich. 


Determination  of  Sugar 
IN  Limb  Cake 

THE  official  method 
of  decomposing  the 
saecharate  of  Hme 
present  with  acetic  acid 
requires  considerable  time 
as  the  acid  should  be  added 
very  slowly  in  order  to  in- 
sure complete  decomposi- 
tion without  excess.  A 
modification  involving  the 
addition  of  a  definite 
amount  of  acetic  acid  is 
sometimes  used,  but  as  the 

composition  of  the  lime  cake  \'aries  considerably  from  time 
to  time,  this  amount  may  be  either  too  large  or  too  small. 
Ammonium  nitrate  has  been  substituted  in  many  cases,  but 
it  is  not  only  expensive,  but  rapidly  corrodes  the  brass  fit- 
tings on  the  polariscope  tube. 

Herles-  recommends  the  use  of  ordinary  neutral  lead  acetate 
for  decomposition  of  the  saecharate  present.  The  lead 
acetate  combines  ^ith  the  lime  producing  calcium  acetate 
and  hydroxide  of  lead,  setting  the  sugar  free. 

As  2  molecules  of  lead  acetate  combine  with  1  molecule  of 
calcium  oxide,  1  gram  of  lime  will  require  13.54  grams  of  lead 
acetate.  Lime  cake  ordinarily  does  not  contain  more  than 
4  per  cent  of  caustic  lime;  14.11  grams  of  the  reagent  wUl 
therefore  be  sufficient  for  normal  weight  of  the  cake. 

Furthermore,  as  about  5  cc.  of  insoluble  matter  are  present 
in  26  grams  of  cake,  it  becomes  necessary  to  fill  up  to  105  cc. 
in  order  to  get  a  direct  percentage  of  sugar.  Hence,  the 
total  volume  to  be  added  is  86.98  cc.  which  must  contain 
16.22  grams  of  the  acetate.  But  as  an  excess  does  no  harm, 
it  is  reconmiended  to  use  20  grams  of  lead  acetate  per  100 
cc.  of  water.  The  advantage  of  this  reagent  lies  in  the  fact 
that  it  not  only  decomposes  the  saecharate  present,  but  at 
the  same  time  precipitates  the  impurities,  as  the  hydro.xide 
formed  during  decomposition  combines  ■n-ith  the  excess  of 
the  reagent  to  basic  acetate  of  lead. 

Usually,  there  are  no  105-cc.  flasks  avaOable.  Herles, 
therefore,  recommends  the  following  modification  of  his 
method: 

Weigh  out  30  grams  of  lime  cake,  add  with  a  pipet  100  cc.  of 
the  lead  acetate  solution,  mix,  filter,  and  polarize.  If  the  weigh- 
ing is  done  in  a  dish  with  a  tight  fitting  cover  in  which  is  placed 
a  piece  of  a  suitable  brass  chain,  a  few  moments  of  violent  shak- 
ing wiU  accomplish  the  mixing  of  the  reagent  and  the  lime  cake. 

The  method  gives  very  good  results  in  straight  sugar  mills, 
but  when  the  Steffen  process  is  used  the  amount  of  caustic 
lime  present  is  sometimes  considerablj-  greater;  therefore, 
the  amount  of  lead  acetate  added  according  to  the  foregoing 
directions  is  not  sufficient  to  complete  the  decomposition  of 
the  saccharates.  The  diflBculty  was  finally  overcome  by  the 
use  of  25  grams  of  lead  acetate  per  100  cc.  (in  place  of  20 
grams)  and  the  addition  of  I  to  2  cc.  of  concentrated  or  glacial 
acetic  acid  per  liter,  the  amomit  of  acetic  acid  to  be  added 
dependmg  upon  the  presence  of  carbonate  of  lead  in  the  com- 

^  Presented  before  the  Division  of  Sugar  Chemistry  at  the  65th  Meeting 
of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2  to  7,  1923. 
'  Z.  Zuckmnd.  Landw.,  727  (1S9S). 


Every  beet-sugarhouse  chemist  is  familiar  with  the  apparently 
endless  stream  of  samples  brought  into  the  laboratory  to  be  tested, 
also  with  the  fact  that  the  worl^  must  be  performed  to  a  great  extent 
by  benchmen  with  often  no  knowledge  of  analytical  chemistry. 
Such  conditions  undoubtedly  exist  in  the  great  majority  of  sugar 
mills,  and  in  order  to  accomplish  the  work  only  methods  of  greatest 
speed  and  simplicity  can  be  utilized.  Therefore,  modifications 
increasing  the  speed,  or  decreasing  the  chance  of  error,  ought  to  be 
of  interest  to  sugarhouse  chemists. 

The  purpose  of  this  paper  is  to  call  attention  to  a  few  simplified 
methods,  little  k"°'^"-  o""  such  modifications  thereof  as  have  been 
found  necessary  in  order  to  insure  reliable  results  or  lessen  the 
work  involved. 


mercial  product.  In  straight 
houses  sufficient  acetic  acid 
to  insure  a  perfectly  clear 
solution  was  used,  and  in 
Steffen's,  1  to  2  cc.  addi- 
tional. 

Stekfe.x's  Waste  and 
^\'ASH  Waters — .\s  neutral 
or  slightly  acidulated  lead 
acetate  so  effectively  broke 
up  the  saecharate  present 
in  lime  cake,  its  use  for 
suiiilar  purpose  in  other 
materials  containing  bound 
sugar  was  naturally  sug- 
gested. It  was  therefore  tried  in  place  of  acetic  acid  on 
Steffen's  waste  and  wash  waters.  The  result  was  very  satis- 
factory. A  large  number  of  experiments  were  made,  with  good 
checks,  and  finally  tliis  procedm'e  was  adopted: 

With  a  sucrose  pipet  transfer  double  normal  weight  of  Steffen's 
waste  or  wash  waters  into  a  100-cc.  flask.  Add  two  drops  of 
phenolphthalein,  and  add  slowly,  under  constant  shaking,  a  con- 
centrated solution  of  slightly  acidulated  lead  acetate  (about  450 
grains  lead  acetate,  and  2  cc.  acetic  acid  per  liter)  until  the  red 
color  disappears.  Then  add  about  2  cc.  more  or  sufficient  to 
break  up  the  milky  precipitate,  fill  up  to  mark,  filter,  and  polarize. 

Sacchar-^te  Cake  and  Solution  from  Cooler — These 
materials  contain  too  much  caustic  lime  to  be  completely 
decomposed  by  acetate  of  lead,  but  by  ending  the  reaction 
with  this  solution  the  danger  of  an  excess  of  acetic  acid  is 
avoided,  and  no  further  clarification  is  required.  The  method 
adopted  is  as  follows: 

To  normal  weight  of  the  material  add  dilute  acetic  acid  until 
the  red  color  imparted  by  two  drops  phenolphthalein  disappears 
for  the  first  time.  The  red  color  soon  returns  upon  further  shak- 
ing, and  then  complete  the  decomposition  by  an  excess  of  concen- 
trated neutral  lead  acetate.  (About  450  parts  of  lead  acetate 
to  1  liter  of  water,  plus  1  cc.  concentrated  acetic  acid.) 

Determination  of  Sucrose  and  Raffinose  in  Molasses 

The  old  Herzfeld  method  works  weU  with  ordinarj'  sugar- 
house  products,  but  when  Stefl'en  house  molasses  has  to  be 
analyzed  the  results  are  often  far  from  satisfactory.  The 
reason  therefore  is  not  hard  to  find.  This  molasses  contains 
such  large  amounts  of  the  salts  of  lime,  potash,  and  soda, 
mostly  as  carbonates,  that  a  part  of  the  hydrochloric  acid  is 
neutralized  thereby  and  therefore  the  inversion  is  not  com- 
pleted in  the  time  specified.  To  try  to  overcome  this  diffi- 
culty by  an  addition  of  more  acid  or  longer  heating  is  not 
ad\isable,  as  the  composition  of  the  molasses  is  not  constant. 
Therefore,  a  considerable  error  would  be  mtroduced  when  such 
a  modification  was  used  on  molasses  with  less  salts,  and  often 
the  chemist  does  not  know  what  kind  of  molasses  he  is  testing, 
nor  is  he  able  to  estimate  the  amount  of  carbonates  present. 

Walker^  describes  an  inversion  process  for  the  determina- 
tion of  sucrose  by  double  polarization,  which  apparently 
showed  a  way  out  of  the  difficulties.  His  method  for  de- 
termination of  sucrose  in  cane-sugar  molasses  is  briefly  as 
follows : 

Place  50  or  T5  cc.  of  the  solution  used  for  direct  polarization  in 
a  100-cc.  flask  (in  case  50  cc.  are  used  add  25  cc.  water)  and  heat 
in  a  water  bath  to  65°  C.     Remove  from  bath,  add  10  cc.  of  a 

'This  Jourmai.,  9,  490  (1917). 
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mixture  of  equal  volumes  of  hydrochloric  acid  (sp.  gr.  1.188) 
and  water,  allow  to  cool  down  spontaneously  in  air  for  15  minutes, 
or  as  much  longer  as  may  be  convenient,  then  cool  in  water  to 
room  temperature,  make  up  to  100  cc,  and  polarize  as  usual. 
In  the  case  of  low-grade  products  which  haye  been  clarified  with 
a  large  excess  of  basic  lead  acetate,  it  is  imperative  that  the 
excess  alkalinity  be  neutralized  before  heating,  this  being  best 
accomplished  by  the  addition  of  1  cc.  (or  2  cc.  in  exceptional 
cases  where  a  large  excess  of  dry  lead  acetate  has  been  used) 
of  the  dilute  acid  used  for  inversion. 

When  this  method  was  applied  to  Steffen  house  molasses, 
it  was  found  that  the  inversion  was  not  completed  within 
the  time  mentioned,  more  acid,  longer  time,  or  both,  evidently 
being  required.  After  a  considerable  amount  of  experimental 
work  the  method  was  finally  adopted  with  the  following 
modifications: 

"  (1)  The  hydrochloric  acid  used  is  prepared  by  adding  40  cc. 
of  water  to  60  cc.  of  concentrated  acid,  in  place  of  50:  50  in  the 
original  method. 

(2)  One  cubic  centimeter  of  this  acid  is  always  added  before 
heating. 

(3)  The  contents  of  the  flask  is  heated  to  70°  C.  on  the  water 
bath  (in  place  of  65°  C). 

(4)  The  time  of  inversion  before  cooling  is  increased  to  45 
minutes. 

(5)  The  chloride  of  lead  precipitated  is  removed  by  filtration 
before  the  zinc  dust  is  added. 

Thus,  the  procedure  is  carried  out  in  this  manner: 

Weigh  out  double  normal  weight  of  the  molasses  and  transfer 
to  a  200-cc.  flask  with  water.  Add  basic  lead  acetate  until 
no  more  precipitate  is  formed  (25  cc.  will  generally  be  about 
right),  fill  up  to  mark,  mix  well,  filter,  and  polarize  in  a  100-mm. 
tube.  The  reading  multiplied  by  2  gives  direct  polarization. 
Pipet  50  cc.  of  the  filtrate  to  a  100-cc.  flask,  add  25  cc.  water  and 
1  cc.  hydrochloric  acid  (40  cc.  water  to  60  cc.  concentrated  hy- 
drochloric acid).  Insert  a  thermometer  in  the  flask,  and  heat 
the  contents  on  a  water  bath  to  70°  C.  Remove  the  flask 
from  the  water  bath  and  introduce  10  cc.  of  the  dilute  hydro- 
chloric acid.  Let  stand  in  the  air  at  room  temperature  for  at 
least  45  minutes,  cool,  fill  up  to  mark,  and  filter.  Add  a  knife 
point  of  zinc  dust,  filter  the  solution  and  polarize  again. 

Determination  of  Moisture  in  Dried  Pulp 

Although  it  is  of  great  importance  to  keep  the  moisture  of 
dried  pulp  as  constant  as  possible  within  narrow  limits,  the 
control  thereof  by  the  laboratory  has  been  very  unsatis- 
factory on  account  of  the  long  time  required  for  drying,  even 
when  vacuum  ovens  are  available.  In  some  plants  the  drying 
time  has  been  cut  down  to  one  hour,  and  the  moisture  calcu- 
lated by  means  of  a  factor  in  order  to  obtain  at  least  an  ap- 
proximate result  rapidly.  But  even  so,  a  large  amount  of 
pulp  has  time  to  pass  through  the  drier  before  the  results 
are  known.  Therefore,  a  method  of  shortening  the  time  of 
the  determination,  and  at  the  same  time  gi\ang  the  moisture 
accurately,  ought  to  be  of  great  value  for  the  control  of  the 
drier  work.  The  moisture  tester*  is  an  apparatus  for  distilling 
off  the  water  contained  in  the  sample,  and  is  especially,  and 
hitherto  probably  exclusively,  used  for  the  determination  of 
moisture  in  grain.  The  grain  is  immersed  in  oil  and  heated 
to  a  specified  temperature  (in  most  cases  to  190°  C.)  at  which 
all  the  water  distils  off,  to  be  collected  in  a  cylinder  so  grad- 
uated that  the  reading  of  the  liquid  gives  the  percentage  of 
moisture  in  the  sample.  As  50  or  100  grams  of  material  are 
taken,  the  moisture  present  can  be  determined  within  0.1 
to  0.05  per  cent. 

As  no  information  was  available  as  to  the  procedure  to  be 
followed  for  determination  of  moisture  in  pulp,  it  became 
necessary  to  ascertain  experimentally  the  amount  of  material 
to  be  taken,  the  volume  of  oil,  and  the  temperature.  Time 
did  not  permit  a  thorough  investigation  of  all  details,  but  the 

*  For  complete  description  of  the  apparatus  and  directions  for  its  use 
see  U.  S.  Deft.  Agr..  Bur.  Plant  Industry,  Circ.  li. 


results  obtained  with  the  following  method  checked  very 
well  with  the  percentage  of  moisture  found- after  12  hours 
of  drying  at  105°  C.  in  an  ordinary  drying  oven. 

Weigh  out  50  grams  of  the  pulp  and  transfer  to  distilling 
flask.  Add  250  cc.  of  oil,  and  heat  until  the  thermometer  regis- 
ters 190°  C. 

The  whole  operation  is  fuiished  in  20  minutes.  The  appa- 
ratus is  inexpensive  and  the  oil  can  be' used  over  and  over 
again.  This  apparatus  ought  to  be  found  in  every  sugar- 
house  laboratory. 

Some  experiments  were  also  made  to  find  out  if  the  &\>- 
paratus  could  be  used  for  the  determination  of  water  in  other 
sugarhouse  products.  With  pressed  pulp  no  satisfactory 
results  were  obtained,  as  the  large  amount  of  water  present 
(about  85  per  cent)  caused  excessive  foaming.  This  can,  of 
course,  be  overcome  by  the  use  of  small  amounts  of  sample, 
but  then  the  accuracy  of  the  method  will  be  greatly  de- 
creased. 

Water  in  molasses,  fillmass,  and  sugar  can  be  found  by 
this  method.  Use  50  grams  of  material,  150  cc.  of  oil,  and 
heat  slowly  to  170°  C.  However,  variations  of  the  materials 
may  make  modifications  in  the  amounts  necessary,  and  so 
far  not  enough  experimental  work  has  been  done  to  ascertain 
the  influence  thereof. 

Determination  of  Gums  in  Diffusion  Juice 

Where  the  apparatus  for  determination  of  potash  by  means 
of  the  centrifugal  method  is  available,  it  will  probably  be  of 
interest  to  know  that  the  same  can  also  be  used  for  the 
determination  of  gums  in  diffusion  juice. 

To  5  cc.  of  difi'usion  juice  add  0.5  cc.  concentrated  hydrochloric 
acid,  and  15  cc.  of  95  per  cent  (volume)  alcohol.  Mix  well  and 
let  stand  in  water  of  about  70°  C.  for  15  minutes.  Mix,  transfer 
to  a  potash  flask,  and  spin  in  motor-driven  centrifugal  for  15 
minutes.  Each  degree  on  stem  corresponds  to  0.04  per  cent 
of  gums. 

The  absolute  percentages  obtained  in  this  manner  may 
not  always  be  correct,  but  the  figures  are  of  considerable 
comparative  value,  since  they  indicate  irregularities  in  the 
battery  work,  decomposed  beets,  and  in  a  general  way  aid 
in  comparing  the  beets  of  one  plant  with  those  of  another. 

The  test  is  always  run  in  duplicate  (this  is  necessary  to 
balance  the  centrifugal)  and  the  mean  of  the  two  readings  is 
taken. 

Preparation  of  Standard  Acid 

Many  years  ago  the  "Vereinslaboratory"  in  Berlin  worked 
out  the  use  of  borax  as  a  standard  of  preparation  of  normal 
solutions.  As  this  salt  furnishes  an  excellent  check  for  such 
solutions,  it  is  surprising  that  it  is  never  mentioned  in  the 
chemical  handbooks.  The  reason  may  be  that  borax  loses 
some  of  its  crystal  water  quite  rapidly,  but  as  the  recrystal^ 
lization  thereof  is  very  simple  and  rapid,  this  does  not  pre- 
vent its  use.  In  the  hands  of  men  with  little  analytical 
experience  or  scientific  education,  it  is  probably  the  most 
accurate  check  available. 

Commercial  borax  is  recrystallized  twice,  C.  P.  borax 
once,  preferably  by  letting  the  hot,  concentrated  solution 
(100  grams  to  100  cc.)  drop  through  a  filter  paper  in  a  dish 
placed  in  cold  water,  under  constant  stirring.  It  is  absolutely 
necessary  to  have  the  crystals  form  rapidly,  under  constant 
stirring,  as  large  crystals  are  liable  to  enclose  particles  of  the 
mother  liquor.  The  fine  crystals  are  washed  once  or  twice 
with  cold  water,  and  the  excess  of  water  is  removed  by  suc- 
tion. Part  of  the  moisture  remaining  is  eliminated  by  press- 
ing the  crystals  between  filter  papers  until  the  papers  no  longer 
show  any  indication  of  moisture.     The  crystals  are  left  to 
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dry  in  the  air,  at  room  temperature,  for  24  to  72  hours, 
depending  upon  the  moisture  in  the  air  of  the  room.  In 
winter,  if  no  steam  vapor  is  present,  24  hours  are  generally 
sufficient.  No  heating  or  drj'ing  in  desiccators  is  permitted, 
as  then  some  of  the  crystal  water  is  lost. 

The  high  molecular  weight  of  this  salt  will  practically 
eliminate  the  effect  of  errors  due  to  shght  inaccuracy  in  weigh- 
ing, or  small  impurities  still  present.     Five  grams  of  boras 


correspond  to  26.2  cc.  of  normal  acid;  19,109  grams  to  1/10 
normal,  and  6.825  grams  to  1/28  normal  acid. 

Methyl  orange  is  generally  recommended  as  an  indicator 
for  borax  solution,  but  it  is  somewhat  lacking  in  sharpness, 
especially  in  dilute  solution.  This  difficulty  has  now  been 
overcome  by  the  use  of  dimethylamidoazobenzene.  This 
indicator  is  prepared  by  dissolving  1  gram  of  the  salt  in  1 
liter  of  alcohol.     The  end  point  is  very  sharp. 


High-Speed  Stirring  as  an  Aid  to  Chemical  Action' 


By  C.  H.  Milligan  and  £.  Emmet  Reid 

Johns  Hopkins  University,  Baltimore,  Md. 


CONTACT  is  conceded 
to  be  es.sential  to 
chemical  action,  and 
it  is  usual  to  shake  or  stir 
mixtures  to  facilitate  reac- 
tions, but  quantitative  data 

connecting  the  violence  of  the  agitation  with  the  rates  of 
reactions  are  lacking.  Such  data  are  desirable  for  the  de- 
sign of  equipment.  Of  course,  conclusions  drawn  from  small- 
scale  laboratory  experiments  are  not  to  be  applied  recklessly 
to  plant  apparatus. 

\\niere  we  have  two  consecutive  reactions,  one  of  which 
is  extremely  rapid  and  the  other  slow,  the  over-all  velocity 
depends  on  the  slow  reaction  and  is  related  to  the  circum- 
stances that  favor  or  hinder  it.  If  we  consider  the  mutual 
solution  of  the  reactants  as  the  first  of  the  two  reactions 
followed  by  a  chemical  change,  we  come  to  the  conclusion 
that  if  the  desired  reaction  is  rapid  but  the  rate  of  solution 
is  slow,  the  reaction  rate  ■wUl  be  related  to  the  rate  of  stir- 
ring, while  if  the  solubUity  is  great  and  the  reaction  compara- 
tively slow,  stirring  will  be  of  Uttle  importance.  The  pres- 
ent investigation  is  a  preliminary  study  of  the  relation 
between  speed  of  stirring  and  reaction  rate  in  several  non- 
homogeneous  systems. 

In  the  action  of  sulfur  dioxide  on  benzene  in  the  presence 
of  aluminium  chloride,  stirring  has  little  influence,  since  the 
gas  dissolves  readily  anjT\'ay  and  the  reaction  rate  is  probably 
slow,  but  the  absorption  of  ethylene  by  benzene  in  presence 
of  aluminium  chloride  and  the  hydrogenation  of  cottonseed 
oil  using  nickel  as  catalyst  are  enormously  accelerated  by  in- 
tensive stirring. 

With  the  apparatus  used  by  the  authors  and  over  the  range 
covered  by  their  experiments,  the  rates  of  these  two  reactions 
are  roughly  linear  functions  of  the  speed  of  stirring,  and  may 
be  approximately  ex-pressed  hy  v  =  a  -\-  br,  in  which  v  is  rate 
of  gas  absorption  and  r  is  speed  of  stirring.  The  rate  when  the 
gas  is  only  bubbled  through  is  a,  and  6  is  a  constant  for  a 
particular  stirrer. 

In  the  ethylation  of  benzene,  a  has  a  considerable  positive 
value  since  the  gas  is  moderately  soluble  in  the  liquid,  while 
in  the  hydrogenation  experiments  a  is  negligible.  Here  the 
absorption  of  hydrogen  increases  faster  than  the  rate  of 
stirring  for  low  speeds,  the  relation  becoming  linear  at  higher 
speeds.  In  Fig.  1  the  ab.sorptions  in  cubic  centimeters  per 
minute  are  plotted  against  speeds  of  stirring  in  thousands  of 
revolutions  per  minute. 

At  13,000  r.  p.  m.  1  volume  of  benzene  was  reacting  with  6.5 
volumes  of  ethylene,  and  1  volume  of  cottonseed  oil  in  presence 
of  0.12  per  cent  nickel  was  taking  up  2.3  volumes  of  hydrogen, 
whereby  its  iodine  number  was  being  lowered  2.6  per  minute. 

'  Received  May  10,  1923. 


The  relation  of  speed  of  stirring  to  velocity  of  reaction  has  been 
studied  in  the  ethylation  of  benzene  and  in  the  hydrogenation  of 
cottonseed  oil  in  presence  of  nickel.  In  both  cases  the  reaction  rates 
are  nearly  proportional  to  speed  of  stirring. 


For  the  hterature  relative 

to  the  ethylation  of  benzene 

by  ethylene  and  for  details 

as  to  the  products  obtained, 

reference  may  be  made  to 

a  previous  article.^ 

Rapid  stirring  appears  to  aid  the  clilorination  of  toluene 

and  of  acetic  acid,  but  quantitative  comparisons  have  not 

been  made. 

The  Stirrer  (Fig.  2) 

The  speed  of  the  motor  was  1700  r.  p.  m.,  which  was  multi- 
phed  about  eight  times  by  an  arrangement  of  pulleys  carried 
on  a  steel  frame.  Ball  bearings  were  provided  for  the  stirrer 
shaft  and  for  the  upper  end  of  the  countershaft.  The  speed 
of  the  motor  was  controlled  by  a  variable  resistance.  The 
speed  of  the  stirrer  was  measured  by  a  speed  counter,  the  end 
of  which  carried  a  toothed  wheel  which  meshed  with  a  thread 

'-  J.  .4m.  Chem.  Soc,  U,  206  (1922). 
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cut  in  the  top  end  of  the  stirrer  shaft.  The  speed  counter 
was  mounted  on  a  swivel  joint  so  that  it  could  be  snapped  in 
and  out  of  gear  in  taking  the  readings. 

The  reaction  vessel  was  a  glass  bottle  which  was  heated  in  a 
water  or  oil  bath.  The  stirrer  head  was  a  disk,  37  mm.  in 
diameter,  carrying  a  bell-shaped  projection  at  the  bottom. 
Into  the  central  cavity  were  drilled  eight  2-mm.  radial  holes. 
The  delivery  tube  for  the  gas  terminated  just  beneath  the 
bell.  The  stirrer  shaft  was  surrounded  by  a  tube  which 
was  carried  by  the  frame  above  and  passed  tightly  through  the 


Fio.  2 — The  Stirrer 

stopper,  thus  making  a  liquid  seal  for  the  stirrer  shaft.  To 
prevent  swirling  of  the  liquid  large  baffles  were  provided. 
These  were  carried  by  round  rods  passing  through  the  stopper. 
By  means  of  pUers  applied  to  the  projecting  squared  upper 
ends  of  these  rods  the  baffles  could  be  turned  in  so  as  to  pass 
through  the  neck  of  the  bottle. 

ExPERIME^^^AL 

Ethylation  of  Benzene — A  mixture  of  250  grams  of  ben- 
zene and  50  grams  of  anhydrous  aluminium  chloride  was  kept 
at  80°  C.  and  ethylene  passed  in,  the  speed  of  the  stirrer  being 
adjusted  so  that  only  an  occasional  bubble  of  gas  escaped 
absorption.  The  rates  of  stirring  and  of  gas  flow  were  reail 
and  then  the  gas  rate  was  changed.  In  a  run  in  which  con- 
stant conditions  of  stirring,  etc.,  are  maintained,  the  reaction 
velocity  increases  for  a  time  and  then  remains  fairly  constant 
for  a  considerable  period,  changing  gradually  as  the  ethylation 
proceeds.  The  measurements  made  here  were  all  from  a  sin- 
gle run.  Sufficient  time  was  allowed  for  the  reaction  to  get 
well  under  way  before  starting  readings  and  then  the  adjust- 
ments were  made  as  quickly  as  possible  and  the  readings 
taken  with  the  passage  of  a  minimum  amount  of  gas  so  as  to 
avoid  great  changes  in  the  composition  of  the  mixture.  To 
produce  monoethylbenzene  77  liters  of  ethylene  would  have 
been  required,  which  is  several  times  the  volume  necessary  for 
the  readings.  The  ethylene  was  passed  through  a  meter  and 
the  time  given  is  for  0.01  cubic  foot  or  283  cc.  The  results 
are  given  in  Table  I,  the  last  column  of  which  shows  the 
roughly  constant  values  of  b. 

Table  I — Absorption  of  Ethylene 


Seconds  per 

Cc.  per 

Increase 

Due 

^.  p.  M. 

283  Cc. 

Minute 

to  Stirring 

b 

0 

80 

1000 

84 

202 

122 

122 

1000 

87 

196 

116 

116 

3000 

30 

565 

486 

162 

3000 

37 

457 

377 

126 

6000 

19 

896 

816 

136 

6000 

21 

810 

730 

122 

7600 

16 

1065 

985 

129 

8000 

15 

1135 

1055 

132 

10,000 

12  5 

1360 

1260 

126 

10,000 

13 

1300 

1220 

122 

13,000 

9.5 

1790 

1720 

132 

Hydrogen.^tion — As  the  rate  of  hydrogenation  varies  with 
the  proportion  absorbed,  the  aim  was  to  adjust  gas  flow  and 
speed  of  stirring  so  that  approximately  80  per'cfent  of  the 
hydrogen  would  be  used  up.  The  entering  and  emerging  gas 
streams  passed  through  two  flowmeters  placed  side  by  side. 
The  capiUaries  for  these  were  cut  from  the  same  piece  of  tub- 
ing, the  one  on  the  exit  side  being  just  five  times  as  long  as  the 
other,  so  that  when  the  two  read  the  same  the  absorption  was 
just  80  per  cent.  The  flowmeters  were  calibrated  separately. 
The  results  are  not  so  satisfactory  as  those  on  ethylation  on 
account  of  the  greater  number  of  variables,  but  they  show 
the  same  trend.  Two  runs  were  made  with  different  prepara- 
tions of  catalyst,  both  nickel  suspended  on  infusorial  earth. 
The  data  from  the  first  run  are  plotted  in  Fig.  1  and  the  re- 
sults of  both  are  given  in  Tables  II  and  III.  As  in  the  ethyla- 
tion experiments,  the  readings  were  made  within  a  short 
period  of  time  so  as  to  mimimize  the  effect  of  changes  due  to 
progressive  hydrogenation. 

The  three  determinations  in  which  tlie  hydrogen  was  en- 
tirely absorbed  are  marked  by  (*).  In  these  the  amounts 
taken  up  are  much  smaller  than  in  corresponding  experiments 
with  excess  of  hydrogen. 

Table  II — Hydrogenation 
(Oil,  250  grams;  catalyst,  1.5  grams;  20  per  cent  nickel) 

. Hydrogen.  Cc- v  Cc.  per 

R.  p.  M.  In  Absorbed       Per  cent    1000  R.  p.  M. 

-■1/  JSO°  C. 


1670 

50 

2.-, 

50 

15 

2200 

50 

41 

82 

19 

3300 

95 

SI 

86 

25 

7800 

350 

29S 

86 

38 

10.700 

565 

475 

84 

44 

13,500 

755 

633 

84 

47 

13,500 

433 

433 

At  IS 5°  C. 

100 

32* 

5900 

433 

361 

83 

61 

6800 

488 

407 

83 

60 

7600 

515 

425 

83 

56 

7.500 

242 

242 

100 

32* 

Table  III— Hydrogenation 

(Oil,  250  gr 

ams;  cats 

lyst,  3  grams; 

10  per  cen 

nickel) 

— Hydrogen.  C 

c 

Cc.  per 

R.  p.  M. 

In 

Absorbed 
At  180°  C. 

Per  cent 

1000  R.  p.  M 

1580 

33  5 

27 

80 

18 

1800 

66 

42 

76 

23 

2240 

45 

36 

80 

16 

3400 

158 

126 

80 

36 

7800 

362 

272 

75 

35 

9000 

362 

272 

75 

30 

10,200 

473 

355 

75 

34 

12,850 

517 

413 
At  190°  C. 

80 

32* 

4600 

247 

198 

80 

43 

7200 

427 

360 

84 

SO 

The  following  experunents  were  made  on  the  chlorination  of 
toluene  and  acetic  acid: 

Into  400  grams  of  toluene  at  100°  C.  chlorine  was  passed 
while  stirring  with  a  silver  stirrer  at  6000  r.  p.  m.  There  was 
practically  total  absorption  at  1 100  cc.  per  minute,  the  chief 
product  being  benzyl  chloride.  In  the  presence  of  a  trace  of 
ferric  chloride  the  gas  was  absorbed  as  rapidly  as  it  could  be 
admitted. 

Under  the  same  conditions,  6000  r.  p.  m.  and  100°  C,  475 
grams  acetic  acid,  containing  17.5  grams  of  red  phosphorus 
which  had  been  rubbed  to  a  paste  with  a  part  of  the  acid, 
absorbed  chlorine  as  rapidly  as  it  could  be  conveniently  passed 
in,  averaging  about  1470  cc.  per  minute.  During  the  second 
hour  the  rate  averaged  only  715  cc.  per  miimte.  At  the  end 
of  about  an  hour  aU  the  phosphorus  had  dissolved. 


A.  P.  Strietmann,  president  of  The  Biscuit  and  Cracker  Man- 
ufacturers' Association,  has  founded  a  Research  Fellowship  at 
the  University  of  Minnesota  on  fermentation  problems  arising 
in  the  industry  of  which  he  is  the  head.  This  research  will  be 
conducted  in  the  Department  of  Biochemistry  under  the  direc- 
tion of  C.  H.  Bailey.  A.  H.  Johnson  has  been  selected  to  carry 
on  the  work  under  this  fellowship. 
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Influence  of  Starch  on  Strength  of  Wheat  Flour' 


By  J.  H.  Buchanan  and  G.  G.  Naudain 
Iowa  State  College,  Ames,  Iowa 


A  POSSIBLE  relation- 
ship between  the 
starch  of  wheat  flour 
and  flour  strength  has  been 
suggested  by  various  inves- 
tigations. Armstrong-  indi- 
cated a  variation  in  sizes  of 
the  starch  grains  of  wheat 
flour.  Jago,'  by  v-iscosity 
measurements,  showed  the 

smaller  grains  to  give  greater  absorption.  With  the  addi- 
tion of  20  per  cent  of  starch  to  flour  he  found  the  effect  upon 
the  absorption  to  depend  upon  the  size  of  the  starch  grains. 
The  flour,  with  added  rice,  showed  the  greatest  absorption, 
wheat  second,  and  potato  the  lowest.  The  sizes  of  the  grains 
in  millimeters  were  as  follows:  rice,  0.0050  to  0.0076;  wheat, 
0.002  to  0.052;  potato,  0.06  to  0.10.  Baking  tests  indicated 
a  slight  advantage  in  favor  of  the  starches  ha\-ing  the 
smaller  starch  grains.     Hardy ^  makes  this  statement: 

The  power  of  dough  to  retain  its  shape  may  be  due,  in  some 
cases,  primarily  to  the  nature  and  number  of  starch  grains. 
Whatever  the  influence  of  starch  grains  may  be,  they  operate 
as  passive  agents;  the  active  mechanical  properties  of  dough,  its 
tenacity  and  ductihty,  are  due  to  the  protein  in  complex  gluten. 

Snyder*  believed  starch  to  be  without  effect  in  influencing 
the  baking  strength.  The  more  recent  work  of  Eumsey* 
shows  the  value  of  diastatic  enzj-mes  in  flour.  Collatz,' 
in  his  study  of  the  effect  of  addition  of  diastatic  enzymes, 
arrived  at  the  conclusion  that  the  starch  of  strong  flour  was 
more  easily  hydrolyzed  than  that  of  weak  flour. 

It  is  evident  that  the  literature  does  not  give  a  very  definite 
idea  of  the  importance  of  starch  with  regard  to  strength  of 
flour.  Upson  and  Calvin,"'  Gortner  and  Doherty,'"  and 
Sharp  and  Gortner"  have  shown  the  necessity  for  a  considera- 
tion of  the  colloidal  properties  of  gluten.  It  was  with  the 
idea  of  determining  what  the  colloidal  properties  of  starch 
might  indicate,  with  respect  to  flour,  that  this  problem  was 
undertaken. 

EXPERIMENT.^L 

In  this  work  seven  typical  flours,  upon  which  baking  tests 
had  been  run  in  order  to  determine  loaf  volume,  were  ex- 
amined for  the  purpose  of  determining  what  influence  the 
size  of  the  starch  grains  might  have.  The  range  of  the  loaf 
volumes  is  given  in  Table  III. 

Measurements  were  made  to  determine  the  size  of  the 
starch  grains  in  the  flours  examined.  Use  was  made  of  a 
high-power  microscope  equipped  with  a  micrometer  eyepiece. 
This  micrometer  was  standardized  against  a  Thoma  chamber 
so  that  each  division  of  the  scale  corresponded  to  two  microns. 


Il  has  been  shouin  thai  sizes  of  starch  grains  may  be  measured 
quickly  and  accurately  by  the  method  described.  Tests  on  seven 
typical  flour  samples  indicate  a  relationship  between  sizes  of  grains 
and  strength  of  flours.  Smaller  starch  grains  tend  to  indicate  a 
stronger  flour. 

Whether  this  relationship  is  due  to  actual  colloidal  properties  of 
the  starch  or  whether  it  simply  reflects  the  condition  under  which 
the  constituents  were  formed,  is  yet  to  be  determined. 


'  Received  April    16,    1923. 
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With  this  equipment  the 
sizes  of  the  starch  grains 
may  be  measured  quickly 
and  accurately. 

It  was  found  that  the 
starch  grains,  when  ex- 
amined in  this  manner, 
could  be  grouped  in  two 
classes — those  having  diam- 
eters of  7  microns  or  less, 
and  those  having  diameters  of  8  microns  or  more.  To  show 
the  accuracy  of  the  measurements  Table  I  is  included.  It 
will  be  noted  that  only  those  grains  which  would  be  classed 
as  large  are  included. 


ABLE    I — Diameter 
Set  1 


ARGE   Starch 
Set  2 


t    Microns 
Seta 


Total 
Average 


561 
IS.  09 


544 
17.5 


In  Tables  IF  and  III  are  given  the  data  obtahied  in  the 
examination  of  the  seven  samples  of  flour.  Table  II  indicates 
the  percentages  of  starch  grains  of  different  sizes  as  found 
in  the  samples.  Table  III  shows  the  loaf  volume,  percentage 
of  small  grams,  and  the  average  size  of  all  the  grains  in  each 
sample  of  flour.  The  sizes  are  diameters  of  the  grains  meas- 
ured in  microns. 


meter  or  »ta 
>ins  in  Mien 

ons          15 

13 

1 

6 

5 

2 

11 

30 

1.00 

0.60 

0.90       1 

.60 

1.90 

2.20 

4.00 

25  to  29 

0.90 

1.00 

2.30       1 

.60 

1.90 

2.20 

2.90 

20  to  24 

4.50 

3.40 

6.00       3 

.90 

5.40 

9.90 

6.90 

16  to  19 

5.50 

5.50 

5.00       5 

.50 

5.80 

5.70 

6.70 

12  to  15 

4.00 

2.90 

2.80       2 

.90 

3.10 

1.20 

1.30 

8  to  11 

0  90 

0.50 

0.50       1 

.80 

2.10 

1.00 

0.20 

0  to  S 

83.20 

S6.10 

82.50     82 

.70 

79.80 

77.80 

78.00 

E     III— Co 

mparison  op  Loaf 

Volume  v 

l-ITH 

Per  cent  of 

Small 

Gr. 

AiNs   AND    Average 

Size    of 

All 

Grains 

Loaf 

Per  cent 

Average  Siz( 

eof 

ample 

Volume 

Small 

All  Grain 

No. 

Cc. 

Grains 

Microns 

15 

1710 

83.20 

6.69 

13 
1 

1640 
1540 

86.10 
82.50 

6.76 
7.16 

5 

1400 

82.70 

7.72 

6 

1415 

79.80 

6.90    . 

2 

1310 

77.80 

8.21    , 

11 

1265 

78.00 

9.31 
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Discussion 

An  examination  of  Tables  II  and  III  will  show  that  there 
is  a  relationship  between  the  sizes  of  the  grains  of  starch 
and  the  strengtli  of  flour.  With  the  exception  of  Sample  15, 
the  flours  fall  in  an  order  that  would  indicate  that  the  greater 
the  percentage  of  small  grains  the  stronger  the  flour.  Sample 
13,  with  a  loaf  volume  of  1640  cc,  has  86  per  cent  small 
grains.  Sample  1  shows  a  loaf  volume  of  1540  cc,  and 
82.50  per  cent  small  grains.  Sample  6  shows  a  volume  of 
1415  cc.  and  79.8  per  cent  small  grains.  Sample  11,  with  a 
volume  of  1265,  shows  78.00  per  cent  small  grains. 

A  consideration  of  loaf  volume  with  the  percentage  of 
small  grains  is  not  sufficient.  By  comparing  Sample  1  with 
6,  and  2  with  11,  we  find  very  little  differences  in  the  per- 
centages of  small  grains.  However,  an  explanation  is  offered 
when  we  take  into  consideration  the  average  size  of  all  the 
grains,  and  the  percentages  of  grains  of  different  sizes.  Sam- 
ple 1,  with  a  greater  loaf  volume  than  Sample  6,  shows  only 
0.6  per  cent  of  grains  that  are  30  microns  or  greater  in  di- 
ameter, while  Sample  6  has  1.6  per  cent  of  grains  of  that  size. 


Again,  Samj^le  2  shows  a  greater  loaf  volume  than  Sample  11. 
If  the  average  sizes  of  all  starch  grains  are  examined,  it  will 
l)e  found  that  the  average  size  of  Sample  2  is  8.21  microns, 
while  that  of  Sample  11  is  9.31  microns.  Also,  Sample  11 
shows  4  per  cent  of  the  grains  having  diameters  greater  than 
30  microns,  while  Sample  2  has  2.20  per  cent.  It  is  believed, 
then,  that  the  size  of  the  starch  grains  is  a  factor  in  deter- 
mination of  strength  of  flour,  with  the  smaller  grains  in- 
dicating the  stronger  flour. 

In  view  of  conflicting  opinions  in  the  literature  with  re- 
gard to  the  action  of  various  reagents  on  starch  grains  of 
different  sizes,  it  is  not  so  easy  to  give  a  reason  for  the  fore- 
going conclusion.  It  may  mean  tliat  smaller  grains  indicate 
a  better  colloidal  condition.  The  colloidal  properties  of  the 
gluten  have  been  held  by  Gortner  and  Doherty'"  and  others 
to  be  an  important  factor  in  the  determination  of  strength  of 
flour.  It  may  be  that  the  properties  of  the  starch  simply 
reflect  the  conditions  under  which  the  various  constituents 
of  the  wheat  berry  were  formed.  Further  work  is  now  in 
progress  to  determine  this  point. 


Quantitative  Aspects  of  the  Kreis  Test' 

By  George  E.  Holm  and  George  R.  Greenbank 

Dairy  Division,  U  S.  Dep.^rtment  of  Agriculture,  Washington,  D.  C. 


OF  ALL  the  methods 
that  have  been  pro- 
posed for  the  detec- 
tion of  rancidity  in  fats, 
none  has  proved  of  greater 
value  than  the  phlorogluci- 
nol-hydrochloric  acid  test 
first  studied  by  Kxeis. 

Many  objections  to  the 
use  of  this  test  have  been 
raiised.  Winckel^  objected 
to  it  because  it  is  not  spe- 
cific for  aldehydes  and  ke- 
tones found  in  rancid  fats. 


The  intensity  of  the  Kreis  test  of  samples  of  an  oxidized  fat  is 
proportional  to  the  amount  of  oxygen  it  has  absorbed:  or,  the  amounts 
of  fat  necessary  for  equivalent  color  intensities  are  inversely  pro- 
portional to  the  volumes  of  oxygen  absorbed. 

The  intensity  of  the  Kreis  test  is  not  proportional  to  the  rancidity 
or  tallowiness  of  a  fat.  A  rancid  fat  will  give  the  Kreis  test,  but 
many  fats  that  have  absorbed  large  quantities  of  oxygen  show  only 
faint  traces  of  rancidity,  or  none,  yet  give  intense  Kreis  tests.  Some 
evidence  is  found  to  indicate  that  oleic  may  be  the  only  unsaturated 
acid  in  fats  that  gives  the  Kreis  test  when  autoxidized. 

Absorption  of  free  oxygen  is  not  necessary  for  the  production  of 
Kreis  test  by  a  fat.  Exposure  of  a  fat  to  light  without  the  presence 
of  free  oxygen  produces  a  change  which  causes  a  Kreis  test. 


ment  of  rancidity  has  been 
confirmed  by  numerous 
workers.  Wagner,  Walker, 
and  Ostermann''  claim, 
however,  that  rancidity 
can  be  produced  by  light  in 
the  absence  of  air. 

That  air,  and  especially 
oxygen,  is  a  factor  in  the 
production  of  rancidity^  of 
fats  or  tallowiness  in  but- 
terfat  has  been  shown  in  the 
work  of  the  authors.  But- 
terfat  exposed  to  the  action 


because  the  depth  of  color 

produced  is  not  proportional  to  the  degree  of  rancidity,  and 
because  the  test  is  too  delicate.  Kerr'  ascribes  the  failure 
of  its  widespread  application  to  (a)  confusion  of  ideas  as  to 
exactly  what  is  meant  by  rancidity,  and  (6)  the  fact  that  when 
a  fat  has  become  rancid  its  condition  is  so  clearly  evident  that 
no  chemical  test  is  needed  to  recognize  it.  In  his  work  he 
found  that  (a)  all  rancid  fats  give  the  Kreis  test  roughly 
but  not  in  proportion  to  the  rancidity,  and  (b)  sweet  fats 
do  not  give  the  Kreis  test — except,  in  a  few  cases,  cottonseed 
oil.  He  also  agrees  with  Winckel  that  the  test  is  too  delicate 
and  not  specific. 

Confusion  with  regard  to  the  status  of  the  Kreis  test  has 
been  due  to  the  fact  that  those  factors  concerned  in  the 
production  of  rancidity  and  those  factors  involved  in  produc- 
ing tlie  test  are  not  well  understood.  Quantitative  data 
are  therefore  lacking. 

Rancidity  has  been  ascribed  to  an  oxidation  process,  and 
the  observation  that  the  presence  of  air  favors  the  develop- 

1  Presented  before  the  Division  of  Agricultural  and  Food  Chemistry 
at  the  65th  Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn., 
April  2  to  7,  1923. 

-•  Z.  Nahr.  Genussm..  9,  90  (1905). 

3  This  Journal,  10,  471  (191S). 


of  oxygen  will  soon  lose  its 
color  and  give  simultaneously  a  strong  Kreis  test,  and  will 
liberate  iodine  from  potassium  iodide  in  proportion  to  the 
amount  of  oxygen  taken  up.  These  and  other  tests  upon  the 
product  substantiate  the  views  of  Winckel  and  of  Vintelesco 
and  Popesco  that  peroxides  are  formed.  Oleic  acid  and 
triolein  acted  upon  by  oxygen  give  the  same  characteristic 
tallowy  or  rancid  odor  and  the  Kreis  and  iodine  Uberation 
tests.  These  experiments  furnished  only  a  qualitative  basis 
for  comparison  of  two  fats.  Fats  were  therefore  studied  quan- 
titatively with  reference  to  the  amount  of  oxygen  absorbed. 
Experimental 
A  gastight  stirrer  was  fitted  into  a  flask  containing  a 
weighed  amount  of  fresh,  dry  butterfat.  This  flask,  con- 
taining an  inlet  and  an  outlet  tube,  was  evacuated  and  filled 
with  oxygen  from  a  gas  buret.  The  flask  was  kept  at  a 
constant  temperature  and  the  stirrer  run  at  high  speed, 
and  the  volume  of  oxygen  absorbed  was  noted  from  time 
to  time.  The  induction  period  varied  with  the  freshness 
of  the  sample  of  fat.     With  fresh  butterfat  this  period  was 

1  Z    Nahr.  Genussm..  26,  704  (1913). 

^  The  term  rancidity  as  used  throughout  this  paper  excludes  hydrolytic 
changes  in  the  fats. 
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approximately  3  hours,  with  lard  approximately  1.5  hours, 
etc.  Older  samples  showed  shorter  induction  periods. 
Samples  were  withdrawn  through  the  outlet  tube  at  regular 
intervals  and  various  tests  were  performed. 

In  order  to  determine  the  amounts  of  fat  necessary  to  give 
Kreis  tests  of  equal  intensity,  a  small  amount  of  each  sample 
was  weighed  into  a  small  flask  and  dissolved  in  a  definite 
volume  of  ether.  Trial  tests  were  made  with  varying  amounts 
of  each  sample  until  the  amounts  were  ascertained  which 
gave  equivalent  colors  with  the  Ivi-eis  phloroglucinol  reagent. 
Prior  to  the  test  the  ether  contained  in  each  tube  was  evap- 
orated by  placing  the  tube  in  a  water  bath  kept  at  40°  to 
50°  C,  since  it  was  found  that  the  absence  of  ether  gave 
more  clear-cut  results.  The  volumes  of  solution  of  the  sam- 
ples used  for  each  test  ranged  from  3  cc,  with  fats  but  sUghtly 
oxidized,  to  0.10  cc,  or  less  in  the  case  of  highly  oxidized 
fats.  The  amount  of  hydrochloric  acid  used  in  each  case 
was  1  cc.  As  a  rule  the  best  results  were  obtained  when  the 
amount  of  fat  used  in  each  test  ranged  from  0.10  to  0.50 
gram. 

The  iodine  liberation  test  was  carried  out  by  ascertaining, 
in  the  usual  way,  the  amount  of  iodine  liberated  from  a 
slightly  acidified  potassium  iodide  solution  by  1  gram  of  fat 
in  24  hours. 

The  results  obtained  upon  pure  butterfat  are  found  in 
Table  I. 

Table  I — The  Properties  op  a  Dry  Butterfat  (400  Grams)  That 
Has  Absorbed  Various  Amounts  of  Oxygen  at  95°  C. 

Iodine  Kreis  Test 
Liberated         Amount 

from  KI  in  Necessary  K. 

24  Hours  for  Equiv-  K.              Basis 

^^ _.__                      by  1  Gram  alent  Color  Amounts      of  100 

Absorbed      5  G.        Iodine         -of  Fat  Intensities  Fat  X  Vol.   Crams 

Cc.              Cc.            No.                 G.                  G.  Oxygen         Fat 

0  00        0.52         31.50  ....  Negative 

5  00   0.88    .■tl.44      0  20 

300      0.90    30.42     0  0006    0.014  4  20  1.05 

.500      1.05    30.80     0.0010    0.0090  4.50  1.25 

800       1  65    29.18     0  0017    0.0055  4.40  1.10 

1100      2.00    28.70     0,0026    0.00385  4  23  1.06 

The  results  showTi  in  this  table  indicate  that  in  the  autox- 
idation  of  butterfat  there  is  an  increase  in  the  acidity  and  a 
decrease  in  the  iodine  number.  The  hberation  of  iodine 
from  potassium  iodide  was  found  to  be  a  slow  reaction,  but 
was  found  to  be  a  comparative  measure  of  oxidations  when 
carried  out  under  similar  conditions. 

The  relation  of  acidity  to  oxidation  will  be  discussed  in 
another  publication. 

With  regard  to  the  tests  mentioned,  it  is  evident  that  neither 
the  iodine  number  nor  the  iodine  liberation  test  is  sensitive 
enough  to  detect  small  changes  through  oxidation.  The 
intensity  of  the  Kreis  test,  however,  was  found  to  be  very 
marked  with  small  changes  in  oxidation.  Furthermore, 
the  color  intensity  is  directly  proportional  to  the  amount  of 
oxygen  absorbed  by  a  fat;  or,  the  amount  of  a  fat  necessary  to 
give  equivalent  colors  with  the  Kreis  reagent  is  inversely  pro- 
portional to  the  amount  of  oxygen  absorbed,  up  to  a  certain  limit. 
The  rigidity  of  this  proportionality  is  shown  by  the  figures 
obtained  by  the  products  of  the  oxygen  absorbed  and  the 
amount  necessary  to  give  the  chosen  color  intensity  in  each 
case.  Where  tests  are  carried  out  at  various  times  and  where 
a  standard  with  a  fat  is  difficult  to  maintain,  a  methyl  red 
standard  at  pH  4.8  has  been  found  very  convenient  for  pur- 
poses of  comparison.  Ivnowing  the  direct  relationship  be- 
tween oxygen  absorbed  and  the  Kreis  test,  it  is  possible  to 
calculate  that  m  the  case  of  a  butterfat  that  has  absorbed  1  cc. 
of  oxygen  per  gram  of  fat,  11  mg.  are  necessary  to  produce 
such  a  color  intensity.  In  case  of  a  fat  having  absorbed  1  cc. 
per  100  grams,  1.10  grams  should  give  this  intensity.  The 
sensitiveness  of  the  Kreis  test  and  its  strict  quantitative 
relationship  to  the  oxygen  absorbed  make  it  an  exceedingly 


good  measure  of  the  oxygen  absorbed,  other  changes  being 
excluded. 

Lard  contains  a  high  percentage  of  unsaturated  fatty 
acids,  not  oleic.  Treating  a  fresh  sample  of  lard  under 
conditions  similar  to  those  used  in  Experiment  1  on  butterfat, 
it  was  again  found,  as  shown  in  Table  II,  that  the  intensity 
of  the  Kreis  test  upon  samples  of  oxidized  lard  was  propor- 
tional to  the  amount  of  oxygen  absorbed. 

It  is  noted,  however,  that  for  equivalent  amounts  of  oxygen 
absorbed  by  butterfat  and  lard  per  100  grams  of  substance 
the  amount  of  oxidized  lard  necessary  to  give  a  Kreis  test 
of  a  certain  intensity  is  greater  than  the  amount  of  oxidized 
butterfat. 

Table  II — Relation  of  Intensity  of  Kreis  Test  to  Amount  of  Oxygen 
Absorbed  by  450  Grams  of  Lard  at  95*^  C. 
Kreis  Test 

Weight  of  Fat                         K.  K. 

Necessary  for            Cc.  of  Oxygen  Ab-  Basis 

Equivalent  Color       sorbed  X  Weight  of  100 

Oxygen  Absorbed          Intensities                 for  Equivalent  Grams 

Cc.                                 G.                             Color  Fat 

90                              1,00                            90.00  20.00 

180                                0.60                             108.00  24.00 

360                             0,25                            90.00  20  00 

540                             0.075                          40.50  9  00 

According  to  Lewkowitsch*  approximately  49  per  cent  of 
the  acids  in  lard  is  oleic  acid,  10  per  cent  is  linoHc  acid,  and  a 
small  fraction  is  perhaps  linoleic.  Butter,'  on  the  other 
hand,  contains  36  per  cent  of  its  acids  as  oleic  acid,  and  has 
no  other  unsaturated  acids,  as  far  as  known.  It  will  be 
shown  later  that  the  absorption  of  oxygen  by  oleic  acid 
does  produce  compounds  that  give  the  Kreis  test  in  a  ratio 
approximately  equal  to  that  of  butterfat.  In  view  of  this 
fact  the  foregoing  table  for  lard  would  tend  to  show  that  the 
oxygen  absorbed  by  lard  m  this  case  was  taken  up  largely 
by  the  unsaturated  linkages  not  oleic,  and  that  this  ab- 
sorption does  not  give  rise  to  compounds  which  produce  a 
Kreis  test.  Unfortunately,  no  linoUc  or  linoleic  acid  was  on 
hand,  so  that  it  could  not  be  definitely  determined  whether 
or  not  oxygen  absorption  by  these  acids  produces  compounds 
capable  of  giving  a  Kreis  test. 

It  is  extremely  important  to  note  here,  however,  that  in 
no  sample  used  was  there  more  than  the  slightest  trace  of 
rancidity,  even  after  an  absorption  of  180  cc.  of  oxj-gen  in 
450  grams  of  lard.  If  oxidized  oleic  acid  is  responsible  for 
the  rancid  odor  in  oxidized  butterfats,  we  must  assume  that 
in  this  case  unsaturated  acids  other  than  oleic  are  largely 
involved.  ' 

The  idea  that  there  can  be  autoxidation  without  any 
noticeable  rancidity  was  contrary  to  all  general  belief,  and 
for  this  reason  various  other  fats  and  oils  were  autoxidized 
and  tested.  No  quantitative  results  were  obtained  upon 
these  oils.  Cottonseed  oil,  which  gave  practically  no  Kreis 
test,  when  autoxidized  gave  the  Kreis  test  in  increasing  in- 
tensity but  showed  only  a  trace  of  a  characteristic  rancid 
odor.  This  may  explain  why  sweet  cottonseed  oil  will  at 
times  give  a  Kreis  test.  It  is  possible  that  oxygen  may  be 
absorbed  without  a  proportional  formation  of  compounds 
that  give  a  rancid  odor,  but  with  a  formation  of  those 
compounds  that  give  the  Ivreis  reaction. 

Olive  oil,  which  contains  practically  93  per  cent  of  its 
liquid  acids  as  oleic  acid,  and  7  per  cent  as  linolic,  was  next 
tried,  with  similar  results. 

These  results  indicate  conclusively  that  for  a  fat  the 
intensity  of  the  Kreis  test  is  proportional  to  the  oxygen  ab- 
sorbed and  is  a  measure  of  oxidation,  but  has  no  direct  quan- 
titative relation  to  the  degree  of  rancidity  as  measured  by  the 
olfactory  senses.     That  there  is  no  direct  quantitative  re- 

•  "Chemical  Technology  and  Analysis  of  Oils,  Fats,  and  Waxes,"  11^ 
3rded  .  p.  780. 

'  /6.d.,II,3rded..  p.  833. 
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lation  may  also  be  shown  by  absorbing  in  1 10  grams  of  butter- 
fat  10  cc.  of  oxygen  and  comparing  this  product  with  100 
grams  of  butierfat  to  which  have  been  added  10  grams  of 
butterfat  whicii  has  absorbed  10  ec.  of  oxygen.  The  former 
will  show  tallowiness  and  a  Kreis  test,  while  the  latter  will 
give  a  Kreis  test  of  the  same  intensity  but  will  show  little  or 
no  tallowj^  odor,  which  shows  that  as  oxidation  progresses 
tallowness  and  the  Kreis  test  are  not  developed  propor- 
tionally. Preliminary  tests  have  showni  that  mixtures  of 
heptylic  aldehyde  and  pelargonic  acid  added  to  fresh  fat  will 
produce  a  condition  very  similar  to  tallowiness  of  butterfat 
or  rancidity  of  many  fats.  These  compounds  and  other 
decomposition  products  of  oxidized  fats  are  undoubtedly 
the  cause  of  the  rancid  odors,  but  neither  of  the  two  com- 
pounds mentioned  abo^'e  give  the  Ivreis  test.  As  oxidation 
progresses,  therefore,  it  seems  that  the  compounds  giving 
the  tallowy  odors  are  not  formed  in  stoichiometric  ratio 
to  the  compounds  that  give  the  Kreis  test.  It  is  possi- 
ble that  as  they  are  formed  they  are  in  some  cases  sub- 
sequently destroyed,  or  that  various  unsaturated  compounds 
give  different  decomposition  products. 

That  the  oleic  acid  radical  is  one  constituent  that  may  be 
concerned  in  the  oxidation  and  formation  of  products  which 
give  the  Ivreis  test,  is  shown  in  the  following  experiment, 
where  oleic  acid  was  autoxidized. 


(Standard  equivalent  =  pH  4.8  with  methyl  red) 
Kreis  Test 
Amount  Neces-  K. 

sary  for  Equiv-              Weight  of  K. 

Oxygen                     alent  Color        Fat  Used  X  Amount  On  Basis  of  100 

Absorbed                    Intensities                  of  Oxygen  Grams  of  Oleic 

Cc.                                  G.                            Absorbed  Acid 

60                                0.076                            4.56  1.52 

90                             0.050                          4.50  1.50 

130                              0.038                          4.94  1.63 

175                              0.027                          4.72  1.57 

475                              0.010                           4.75  1.58 

As  in  the  case  of  the  fats  and  oils  tried,  the  intensity  of 
the  Kreis  test  is  proportional  to  the  oxygen  absorbed.  Under 
the  conditions  under  which  the  experiment  w-as  carried  out 
there  is  no  direct  ratio  between  the  intensity  of  the  tests 
with  butterfat  and  lard  as  compared  with  their  oleic  acid 
content  when  the  unit  of  oxygen  absorbed  is  the  same  per 
gram  weight  of  fat.  Two  samples  of  the  same  fat  autoxi- 
dized may  or  may  not  give  equivalent  weights  for  the  same 
intensity  of  Kreis  test  when  equiA'alent  amounts  of  oxygen 
have  been  absorbed.  It  has  been  noted,  however,  that  traces 
of  water  present  affect  the  course  of  the  reaction,  and  it  is 
probable  that  if  all  fats  tried  were  absolutely  drj'  when  autox- 
idized a  definite  ratio  would  be  obtained  between  the  Kreis 
tests  and  some  one  constitutional  property  of  the  fats. 

Kerr*  states  that  rancidity  "can  be  absolutely  prevented 
b}'  the  exclusion  of  o.xygen."  The  contention  has  been  made, 
by  a  few  workers,  however,  that  oxygen  is  not  necessary  for 
the  production  of  rancidity,  and  tliis  agrees  with  some 
further  observations  that  the  writers  have  made.  Certain 
fats  when  sealed  in  a  vacuum  and  exposed  to  sunlight  wiU 
become  rancid  and  wiU  give  a  Kreis  test.  Some  fats  after 
prolonged  storage  without  access  of  light  have  shown  similar 
properties.  It  is  improbable  that  the  reaction  which  occurs 
in  vacuo  is  identical  with  that  which  takes  place  when  pure 
oxygen  is  absorbed.  Properties  of  the  color  formed  with  the 
Kreis  reagent  indicate  this. 

Since  the  change  that  occurs  in  a  fat  that  is  stored  in  vacuo 
without  access  of  light  is  very  slow,  and  since  few  fats  are 
subjected  to  the  action  of  light  at  any  time  in  their  handling, 
it  is  doubtful  if  any  slight  action  from  this  cause  will  have 
any  bearing  upon  the  Ivreis  test  as  previously  discussed. 

8  Cotlon  Oil  Press.  6,  45  (1921). 


Detailed  experimental  W'ork  upon  the  nature  of  the  reaction 
in  fats  stored  in  vacuo  in  sunlight  will  be  the  subject  of  another 
publication. 

Discussion 

The  experiments  upon  the  oxidation  of  butterfat  and  lard 
reported  here  were  carried  out  at  95°  C,  and  consequently 
the  question  might  be  raised  whether  the  reactions  at  this 
temperature  would  be  comparable  with  reactions  occurring  at 
lower  temperatures.  Because  of  the  time  required  for  these 
autoxidation  reactions  at  lower  temperatures,  it  is  not 
feasible  to  use  these  temperatures.  Ex-periments  carried 
out  at  50°  C.  furnished  results  that  were  in  good  agreement 
with  those  reported.  Results  upon  oleic  acid  at  95°  C. 
agree  well  with  those  reported  for  50°  C. 

The  constants  obtained  for  butterfat,  lard,  and  oleic  acid 
are  of  no  great  comparative  value  as  they  stand.  They  serve 
to  indicate,  however,  that  oleic  acid  will  give  the  Kreis  test 
in  proportion  to  the  amount  of  oxygen  that  it  has  absorbed. 
The  results  upon  lard  Would  indicate  tliat  some  acid  radical 
or  radicals  present  in  this  substance  will  not  give  the  Kreis 
test  when  it  absorbs  o.xygen.  Assuming  that  the  Kreis  test 
that  is  produced  when  lard  is  oxidized  is  due  to  oxidation  of 
the  oleic  acid  radical,  we  might  conclude  that  oxidation  of 
linolio  or  linoleic  acid  radicals  produces  no  compounds  that 
are  capable  of  giving  the  Ivi-eis  test.  While  the  evidence 
points  strongly  that  way,  it  can  be  determined  with  certainty 
only  when  these  compounds  are  subjected  to  oxidation  and 
the  products  are  tested. 

It  is  significant  to  note,  however,  that  in  all  experiments 
which  have  been  carried  out,  no  case  has  been  noted  where 
there  has  been  appreciable  oxidation  without  giving  a  Kreis 
test.  This  would  indicate  that,  whatever  the  acid  radicals, 
in  addition  to  oleic,  that  give  rise  to  the  Kreis  test,  they  oxi- 
dize simultaneously  with  other  unsaturated  radicals  that  do 
not  give  the  test.  The  fundamental  nature  of  the  reactions 
is  evidently  the  same  and  the  autocatalyst  for  one  is  also  a 
catalyst  for  the  others. 

This  observation  makes  it  quite  certain  that  the  Kreis 
test  is  always  a  good  measure  of  the  degree  of  oxidation  where 
at  least  one  radical  is  present  which  is  capable  of  producing 
it  under  such  conditions.  This  is  especially  true  with  butter- 
fat, since  the  oleic  acid  radical  is  probably  the  only  unsatu- 
rated radical  present.  In  the  case  of  this  fat  the  test  has 
been  used  with  success  to  follow  oxidation  changes  during 
storage. 


Carbon  Tetrachloride  Fire  E.xtinguishers 

According  to  tests  made  at  the  Pittsburgh  E.xperiment  Station 
of  the  Bureau  of  Mines  relative  to  the  hazards  to  fire-fighters 
from  gases  and  smoke  resulting  from  the  application  of  carbon 
tetrachloride  extinguisher  to  electric  arcs,  burning  insulation, 
or  fires  such  as  may  occur  in  electrical  apparatus  and  machinery, 
it  was  found  that  the  application  of  1  cubic  foot  of  fire  extinguisher 
to  electric  arcs  and  burning  insulation  in  a  chamber  of  1000  cubic 
feet  capacity  developed  phosgene,  chlorine,  and  hydrogen  chlo- 
ride in  quite  dangerous  concentrations.  Carbon  tetrachloride 
vapors,  sulfur  dioxide,  and  carbon  monoxide  were  also  formed  in 
less  dangerous  concentrations. 

These  tests  confirm  conclusions  drawn  from  previous  tests  by 
the  Bureau  of  Mines  that  it  is  dangerous  to  breathe  the  gases 
that  may  be  generated  from  a  1-quart  carbon  tetrachloride  ex- 
tinguisher applied  to  a  fire  in  a  confined  space  from  which  es- 
cape is  difficult  or  impossible,  and  from  which  the  gases  would 
not  be  removed  by  ventilation. 

So  far  as  is  known,  carbon  tetrachloride  extinguishers  are  the 
most  effective  and  satisfactory  of  any  that  can  be  applied  to  elec- 
trical fires  with  safety  from  shock  to  the  operator.  Arcs  of  60 
amperes  direct  current  and  220  volts  and  35  amperes  and  500 
volts  were  easily  extinguished  with  a  1-quart  carbon  tetrachloride 
fire  extinguisher. 
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Formation  of  Formic  Acid  by  Caramelization  of 

Cane  Sugar' 

By  Stephen  G.  Simpson 
Massachusetts  Institute  of  Technouogy,  Cambridge,  Mass. 


THE  detection  and  de- 
termination of  for- 
mic acid  has  in  the 
last  few  years  played  an 
increasingly  important  part 
in  the  analysis  of  food  prod- 
ucts. The  fact  that  small 
amounts  of  the  acid  inhibit 
bacterial  gro^^h  makes  it 
an  efficient  preservati\e, 
and  cases  have  been  cited- 
where  it  has  been  so  used  in 
commercial  products.  It 
has  been  sho\Mi  that  formic 
acid  is  also  a  natural  con- 
stituent of  some  foodstuffs.  Seeker,-  for  example,  finds  in 
jams,  sirups,  and  other  similar  foods  amounts  of  formic  acid 
ranging  from  0.0009  to  0.0130  per  cent,  and  in  dark  beers 
and  ales  containing  considerable  carameP  amounts  from 
0.0010  to  0.0040  per  cent.  AMiether  or  not  formic  acid  is  a 
natural  constituent  of  honey,  has  been  the  subject  of  con- 
troversy, although  Fincke,^  Famsteiner,*  and  Heiduschka 
and  Kaufmann'  ha^-e  shown  that  tlie  amount  present  is  in 
an}-  case  less  than  0.02  per  cent.  Kingzett  and  Woodcock" 
have  shown  that  formic  acid  is  produced  by  the  slow  oxi- 
dation of  some  terpenes,  which  would  lead  to  the  possibility  of 

■  Received  May  16,  1923. 

'  Seeker,  J.  Assoc.  Official  Agr.  Chem..  1,  210  (1913). 

'  Ibid..  1,  556  (1916). 

«  Z.  Nahr.  Genussm..  23.  255  (1912). 

^Ibid.,  IS,  598  (1908). 

'Ibid. .21,  375  (1911). 

'  Chrm.  Xnvs.  105,  26  (1912);  /.  Soc.  Chem.  Ind..  39,  791  (1910). 


The  numerical  results  gicen  in  this  article  indicate  that  {I)  Jormic 
acid  is  produced  in  considerable  quantities  by  the  caramelization  of 
sugar:  (2)  the  amount  of  formic  acid  produced  is  governed  by  the 
extent  of  the  caramelization,  which  in  turn  is  determined  by  the 
temperature  and  time  of  heating:  (3)  food  products  which  have  not 
been  heated  above  160°  C.  should  have  produced  no  appreciable 
amounts  of  formic  acid  by  caramelization  of  sugar:  (4)  l^nowing  the 
conditions  of  temperature  and  time  of  heating  in  the  preparation  of  a 
food  product  of  known  sugar  content,  the  amount  of  formic  acid  which 
should  be  present  due  to  carcimelization  can  be  approximately  esti- 
mated. 

Work  is  being  continued  with  respect  to  starches  and  other  carbo- 
hydrates occurring  in  food  products. 


traces  being  found  in  prod- 
ucts flavored  with  essen- 
tial oUs,  and  this  has  been 
verified  experimentallj'  by 
Seeker.  Apparently,  food 
products  which  in  their 
preparation  have  been 
lieated  sufficiently  to  cara- 
melize the  carbohydrates 
they  contain,  show  com- 
paratively high  percentages 
of  formic  acid.  Thus,  See- 
ker- finds  in  coffee  extracts 
amounts    of    formic    acid 


from  0.060  to  0.111  per 
cent  calculated  on  the  original  coffee,  and  in  samples  of 
caramel  amounts  up  to  0.602  per  cent.  Similar  high  values 
were  obtained  by  the  WTiter,  and  the  values  listed  below 
show  the  effect  of  caramelization  on  the  formic  acid  content 
of  a  few  common  commercial  products. 

Formic  Acid 
Per  cent 

Coffee,  unroasted 0 .  000 

Coffee,  roasted 0 .  221 

Cane  sugar 0  ODD 

Starch 0.000 

Invert  sugar  sirup 0 .  026 

Caramel 0 .  404 

Oatmeal,  charred 0.0.57 

Wheat  bran,  charred 0.062 

Since  formic  acid  maj'  be  added  to  a  food  product  as  a  pre- 
servative, and  since  in  other  food  products  it  occurs  naturally 
through  caramelization  of  the  sugars  contained  therein,  it 
becomes  of  considerable  importance  to  determine  the  exact 
conditions  of  temperature  and  time  of  heating  which  will 
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Fig.   1 — Production  of  Formic  Acid  proh  Cans  Sugar  bv  Heating 
AT  Definite  Temperatures  for  Varying  Intervals  of  Time 


2 — Conditions  of  Temperature  and  Time  Required  for  th 
Production  of  Definite  Percentages  of  Formic  Acid 
(Interpolated  from  Fig.  1) 
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cause  the  natural  formation  of  formic  acid,  and  to  determine 
the  amounts  thus  formed  under  these  varying  conditions. 
Knowing  the  conditions  of  time  and  temperature  under  whicli 
a  food  is  prepared,  it  should  be  possible  in  many  cases  to 
make  use  of  such  data  to  determine  whether  or  not  any  formic 
acid  which  may  be  found  in  the  product  has  been  added  as 
such,  or  has  been  formed  by  natural  changes. 

Experimental 

Samples  of  cane  .^ugar,  10.0  grams  in  each  case,  were  heated 
in  loosely  stoppered  tubes  in  an  oil  bath  under  varying  tem- 
peratures and  for  varying  lengths  of  time.  The  samples  thus 
prepared  were  analyzed  for  formic  acid  by  the  Fincke  method,* 
which,  in  brief,  consists  in  steam-distilling  100-cc.  solutions 
of  the  samples  to  which  2  grams  of  tartaric  acid  have  been 
added.  The  volume  of  the  sample  solution  is  kept  constant 
by  auxiliary  heating,  and  in  no  case  is  the  volume  allowed 
to  decrease  appreciably.  The  vapors  are  passed  through 
a  suspension  of  calcium  carbonate  in  water  and  thence  through 
a  condenser  so  that  the  volume  distilled  can  be  determined. 
After  1500  cc.  have  been  condensed,  the  calcium  carbonate 
suspension  is  filtered,  the  filtrate  faintly  acidified  with  hydro- 
chloric acid  and  boiled  2  hours  under  a  return  condenser  with 
5  to  25  cc.  of  a  solution  containing  10  per  cent  mercuric 
chloride,  10  per  cent  sodium  chloride,  and  15  per  cent  sodium 
acetate.  The  precipitated  mercurous  chloride  is  filtered  on  a 
Gooch  crucible,  washed,  dried,  and  weighed.     The  conversion 


factor  is  0.0975.  The  results  are  corrected  for  a  "blank" 
on  the  reagents  by  carrying  them  through  a  distiUation  under 
conditions  identical  with  the  analysis  itself. 

The  values  obtained  for  the  caramelized  samples  of  cane 
sugar  are  listed  in  the  table,  and  are  also  expressed  graphically 
in  Figs.  1  and  2. 


Time  of  Appearance 

Temperature      Heating  of  Sugar 

°  C.                 Min.  after  Heatinga 

145                   20  B 

120  B-C 

167                   20  B 

35  B-C 

80  FC 

180                   20  E-F 


185 


"  Z    Nahr.  Cenussm.,  21,  1  (1911);  22, 
386  (1915);  Biochem.  Z  .  61,  263  (1913). 


(1912);   23,  255  (1912);  26, 


'*A  =  Sugar  unchanged 

B  =  Slightly  yellow  but  granular 

C  =  Superficially  melted 

D  =   Entirely  melted,  light  yellow 

E  =   Entirely  melted,  deep  yellow 

F  =   Entirely  melted,  light  brown 

G  =   Entirely  melted,  dark  brown 

H  =   Entirely  melted,  black 


- — Formic  Acid . 

Mg.  % 

0.0  0.000 

0.6  0.006 

0.0  0.000 

0.0  0.000 

4.9  0.049 

O.S  0.008 

6    1  0.061 

0  0  0.000 

13  0.013 

4   0  0.040 

11.9  0.119 

0.1  0.001 

4.3  0.043 

0.4  0.004 

6.3  0.063 

16.6  0.166 

33.7  0.337 
0  0  0.000 
4.8  0.048 
6  1  0.061 

23.1  0.231 

51.8  0.518 
13  5  0.135 
40  1  0.401 
16.0  0.160 
50.0  0.500 
54.8  0.548 


Chemistry  of  Wood' 

VI — The  Results  of  Analysis  of  Heartwood  and  Sapwood  of  Some  American  Woods 

By  G.  J.  Ritter  and  L.  C.  Fleck 

Forest  Products  L.\boratorv,  U.  S.  Forest  Service,  Madison,  Wis. 


THIS  report  contains  the  results  obtained  in  the  analj-- 
sis  of  heartwood  and  sapwood  of  ten  American  woods. 
The  work  was  undertaken  to  determine  whether  there 
is  any  uniform  difference  in  chemical  composition  between 
sapwood  and  heartwood  in  either  softwoods  or  hardwoods. 

The  methods  of  analysis  used  are  the  same  as  given  in  the 
preceding  paper  in  this  series.^  All  determinations  were 
made  in  duplicate  and  the  average  is  given  in  Table  I. 

Discussion  of  Results 

Ash  Content — There  is  no  general  agreement  in  the  rel- 
ative ash  content  of  sapwood  and  heartwood  in  the  species 
examined. 

Extractive  Content — In  general,  the  extracts  of  ether, 
cold  water,  hot  water,  and  1  per  cent  sodium  hydroxide  are 
lower  in  the  sapwood  than  in  the  heartwood  of  the  softwoods. 
In  the  hardwoods  the  extractives  are  lower  in  the  sapwood 
than  in  the  heartwood  of  j'ellow  birch,  white  oak,  and  yellow 
poplar,  but  the  reverse  is  true  of  white  ash  and  pignut  hick- 
ory. Thus,  from  the  standpoint  of  extractive  content  in 
sapwood  and  heartwood,  the  hardwoods  analyzed  are  di- 
vided into  two  classes — one  class  following  the  order  of  the 
softwood,  the  other  following  the  reverse  course. 

1  Presented  before  the  Division  of  Cellulose  Chemistry  at  the  65th 
Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2 
to  7,  1923. 

2  This  Journal.  14,  1050  (1922). 


Acetic  Acid — The  acetic  acid  obtained  by  hydrolysis  is 
higher  in  the  sapwood  than  in  the  heartwood  of  botli  classes 
of  woods. 

Methoxyl  Content — The  relative  percentages  of  meth- 
oxyl  in  the  sapwood  and  heartwood  of  the  species  analyzed 
cannot  be  arranged  in  any  general  order. 

Pentosan  Conten't — There  is  a  tendency  toward  higher 
yields  of  pentosans  in  the  sapwood  than  in  the  heartwood  of 
tlie  species  exammed.  The  difference  in  yields,  however,  is 
slight. 

Methyl  Pentosan  Content — The  methyl  pentosan  con- 
tent in  sapwood  and  heartwood  of  the  same  class  is  quite 
uniform. 

Cellulose  Content — For  the  relative  cellulose  content 
of  sapwood  and  heartwood,  the  species  analyzed,  with  the 
exception  of  yellow  poplar,  are  grouped  in  a  manner  similar 
to  that  for  extractives.  All  the  softwoods  examined  have 
higher  cellulose  yields  in  the  sapwood  than  in  the  heartwood. 
This  tends  to  counterbalance  the  low  extractives  in  the  sap- 
wood.  One  hardwood  group,  yellow  birch  and  white  oak 
with  high  extractives  in  the  heartwood,  has  high  cellulose 
content  in  the  sapwood.  The  other  group  of  hardwoods, 
white  ash  and  pignut  hickory  with  high  extractives  in  the 
sapwood,  has  high  cellulose  content  in  the  heartwood.  The 
results  obtained  from  the  two  yeUow  poplar  samples,  which 
are  an  exception  to  the  foregoing  scheme  of  grouping,  can  be 
explained  by  referring  to  the  condition  of  the  samples. 
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Tablb  I — Analyses  of  Sapwood  and  Hkartwood  of  Some  American  Woods 
(Results  in  percentage  of  oven-dry  (105 "^  C.)  samples) 


ample 

Mois- 
ture 

. SOUUBILITY  IN 

Cold         Hot 

Ash  Water  Water  Ether 

1% 
NaOH 

Acetic 
Acid 

Methoxyl 

Pento- 

Methyl 
Pento- 

Cellu- 
lose 

Lignin 

Pento- 

—  In  Cei,lui.osb . 

Methyl 
Pento- 
san    Alpha  Beta    Gamma 

179 
180 

181 
182 

5.34 
5.45 
4.91 
7.42 

0.61 
0.30 
0.57 
0.32 

5.81 
2,24 
5.25 
2.12 

6.41 
3.40 
7.02 
4.46 

1.17 
0.43 
0.88 
0.46 

21.77 
19,59 
21  93 

18.97 

3.23 
2.31 
3.70 
2.66 

4.70 
5.36 
5.66 
5.20 

19.85 
19.90 
20.16 
19.87 

2.40 
2.25 
2,63 
2,48 

50.38 
53.56 
49.72 
53.40 

26.95 
27.39 
27,39 
28,38 

18.83 
16.75 
19.67 
17.34 

1.60 
1.34 
1.60 
1.47 

74.67  13.67 

64.68  24.58 
55,11   28,29 
42,45  33.22 

11.66 
10.84 
16.50 
24.33 

187 
188 
189 
190 

4.30 
3.79 
3.79 
3.88 

0.48 
0.39 
0.36 
0.33 

1.29 
1.50 
1.45 
1.45 

1.98 
2.08 
2,51 
2.89 

0.27 
0.43 
0.13 
0.58 

16  74 
17.70 
16  91 
17.57 

3.12 
2.89 
3.33 
2.73 

5.81 
5.86 
5.89 
6.03 

18.37 
18.47 
18.82 
19.08 

3.28 
3.11 
1  22 
1.13 

58,13 
59.57 
58.02 
59.47 

23.08 
22.19 
23.86 
23.69 

15,52 
14.97 
19.01 
17.83 

2,21 
2,40 
0,78 
1.47 

50  13  30,74 
61,30  20,20 
34.32  48.52 
36.67  42.75 

19.13 
18.50 
17.16 
20.58 

191 
192 

3,54 
3.90 

0.40  4.91 
0.45  2.07 

6.45 
2.95 

0.29 
0.36 

19.11 
15.10 

3.58 
3.08 

5.56 
5.79 

18.18 
18.64 

1.11 
1.02 

56.08 
58.81 

21.87 
22.85 

16.90 
16.20 

1.30 
1.39 

51.55  21.92 
59.44  23.74 

26.53 
16.82 

207 
208 
213 
214 

4.92 
4.76 
4.28 
4.36 

0.28 
0.40 
0.18 
0.23 

1.05 
4.16 
1.74 
2.76 

1.98 
5.69 
2.10 
3.96 

0.48 
0.81 
0.88 
0.99 

16.77 
20.51 
19.78 
21.14 

2.34 
1.78 
3.75 
2.83 

5.66 
5.46 
5.47 
5.27 

21.36 
20.37 
22.30 
23.21 

1.66 
1.39 
1.82 
1.07 

58.91 
56.88 
58.57 
54.93 

24.69 
24.62 
27.76 
28.13 

20.72 
21.87 
22.19 
21.81 

1.13 
1.12 
1.71 
1.04 

52.15  32.90 
61.17  23.23 
52.40  26.82 
53.56  25.00 

14.45 
15.60 
20.78 
21.44 

209 
210 
211 
212 

7.71 
7.70 
7.09 
6.99 

0.57 
0.43 
0.37 
0.42 

2.55 
7.33 
4.27 
4.76 

4.11 
10.15 
5.73 
6.60 

0.46 
0.71 
0.65 
0.62 

21.11 

25.81 
21.69 
22.67 

3.44 
2.59 
2.47 
2.97 

5.95 
6.18 
6.02 

5.64 

23.25 
21.82 
21.72 

22.08 

0.90 
1 .  57 
0.94 
0.91 

49.53 

48.68 
53.18 
52.12 

32.34 
32.74 
31.14 
31.30 

24.74 
24.22 
24.81 
24.54 

0.88 
0.58 
1.20 
0.96 

68.07  15.27 
67.33  11.84 
53.81  22.63 
52.96  20.41 

16.66 
20.83 
23.56 
26.63 

183 
184 
185 
186 

4.72 
5.30 
6.72 
4.72 

0.48 
0.30 
0.86 
0.95 

0.72 
2.79 
1.76 
3.27 

1.42 
2.99 
2.30 
3.49 

0.23 
4.87 
2.80 
7.93 

8.55 
10.59 
10.63 
13.56 

0.77 
0.48 
0.65 
0.29 

4.35 
3.94 
4.99 
4.07 

8.03 

6.67 

9.23 

■   7.88 

4.38 
4.49 
3  34 
3.36 

54.86 
53.10 
50.94 
49.18 

35.01 
33.06 
35.31 
32.27 

6.25 
5.84 
5.89 
6.33 

1.85 
1.80 
1.65 
1.25 

76.09     5.93 
76.83     3.94 
58.18  28.91 
57.38  24.75 

17.98 
19,23 
14.91 
17.87 

193 
194 

3.90 
2.92 

0.23 
0.42 

3.55 
5.97 

5.15 
7.68 

5.46 
3.62 

17.16 
19.15 

1.68 
1.43 

4.16 
4.60 

9.31 

8.56 

2.14 
1.00 

54.25 
50.23 

28.51 
26.14 

6.81 
7.12 

2.09 
2.02 

54.56  17.47 
57.29  22.42 

27.97 
19.29 

195 
196 

3.97 
4.00 

0.28 
0.18 

2.13 

2.88 

3.41 
4.12 

1.00 
1.32 

11.72 
12.77 

2.05 
1.53 

4.40 
4.81 

8.47 
8.69 

1.75 
1.85 

58.12 
56.08 

29.03 
28.73 

7.60 
7.78 

2.44 
2.73 

54.61  26.59 
...      20.17 

18.80 

197 
198 
199 
200 

5.59 
6.39 
6.02 
6.48 

0.64 
0.21 
0.48 
0.27 

2.18 
1.94 
3.02 
2.80 

2.82 
3.22 
3.98 
4.01 

1^44 

1.87 

11,02 
11,41 
12.71 
14.14 

1.17 
0.84 
1.11 
0.74 

5.07 
5  00 
5,23 
5.09 

11.61 
10.79 
10.82 
10,36 

0.94 
1.72 
1.16 
1.56 

55.77 
55.19 
55.02 
54.42 

29.85 
31.39 
32.14 
32.42 

10.35 
8.52 
8.95 
7.97 

1.77 
1.58 
1.28 
1.32 

73.78     0.99 
61  47  22.23 
69.17  14.04 
55.22  24.74 

25.23 
16  30 
16.79 
20.04 

205 
206 

6.46 
7.27 

0.47 
0,30 

1.92 

4.74 

2.97 
7.08 

0.67 

4.78 

11.16 
19  99 

1.33 
0.68 

5.95 
6.21 

12.08 
12.04 

0.45 
0.56 

49.09 
44,53 

34.73 
33,67 

10.14 
11.68 

1.24 
1.31 

50.69  12,98 
66.62  11.05 

36  33 
22  33 

Species 
White  ash; 

No.  2  sapwood 

No.  2  heartwood 

No.  3  sapwood 

No.  3  heartwood 
Yellow  poplar: 

No.  1  sapwood 

No.  1  heartwood 

No.  2  sapwood 

No.  2  heartwood 
PiKUUt  hickory; 

No.  1  sapwood 

No.  2  heartwood 
Yellow  birch: 

No.  1  sapwood 

No.  1  heartwood 

No.  2  sapwood 

No.  2  heartwood 
White  oak; 

No.  1  sapwood 

No.  1  heartwood 

No.  2  sapwood 

No.  2  heartwood 
Bald  cypress: 

No.  1  sapwood 

No.  1  heartwood 

No.  2  sapwood 

No.  2  heartwood 
White  pine; 

No.  1  sapwood 

No.  1  heartwood 
Yellow  cedar: 

No.  1  sapwood 

No,  1  heartwood 
White  cedar: 

No.  2  sapwood 

No.  2  heartwood 

No.  3  sapwood 

N3.  3  heartwood 
Incense  cedar; 

No.  1  sapwood 

No.  1  heartwood 

Both  yellow  poplar  samples  showed  slight  signs  of  decay 
in  the  sapwood.  This  •condition  would  tend  to  increase  ex- 
tractives in  the  sapwood.  The  results  show  slightly  higher 
extractives  in  the  heartwood  than  in  the  sapwood,  which  in- 
dicates that  on  the  basis  of  extractives  yellow  poplar  is 
strictly  a  member  of  the  first  group  of  hardwoods.  If  it 
belongs  to  the  first  group,  the  cellulose  content  should  be 
higher  in  the  sapwood  than  in  the  heartwood,  which  is  not 
the  case.  This  can  also  be  explained  on  the  basis  of  the  de- 
cayed condition  which  decreases  the  cellulose  content  in  the 
sapwood,  the  reverse  of  what  would  be  expected  in  sound 
yellow  poplar. 

LiGOTN  Content — In  softwoods,  with  the  exception  of 
white  cedar,  the  lignin  content  is  higher  in  the  sapwood  than 
in  the  heartwood.  In  the  hardwoods  all  species  except 
yellow  poplar  have  a  higher  lignin  content  in  the  heartwood 
than  in  the  sapwood. 

A  study  of  the  ratio  between  methoxyl  and  lignin  is  shown 
in  Table  II.  A  study  of  the  results  reveals  the  fact  that  the 
methoxyl-lignm  ratio  is  approximately  50  per  cent  higher  in 
hardwoods  than  in  softwoods.  This  ratio  averages  less  than 
13  per  cent  in  bald  cypress.  In  Paper  V  of  this  series^  it  was 
shown  that  the  methoxyl  content  of  isolated  redwood  and 
live  oak  lignins  was  approximately  17.5  per  cent.  Bald 
cypress  lignin  could  not  meet  these  specifications  and,  con- 
sequently, it  must  differ  in  chemical  composition  from  red- 
wood and  Uve-oak  Ugnins. 


Pentosan  Content  of  Cellulose — The  pentosan  con- 
tent has  a  slight  tendency  to  run  higher  in  the  sapwood  cellu- 
lose than  in  the  heartwood  cellulose,  similar  to  the  results 
obtained  m  the  original  wood. 

Methyl  Pentosan  Content  of  Cellulose — In  general, 
the  methyl  pentosan  content  is  slightly  higher  in  the  heart- 
wood  cellulose  than  in  the  sapwood  cellulose.  A  similar 
relation  was  found  in  the  heartwood  and  sapwood  of  the 
original  samples. 

a-,  (3-,  AND  7-Cellulose  Content  of  Cellulose — The 
percentages  of  the  three  kinds  of  cellulose  in  sapwood  and 
heartwood  cellulose  cannot  be  grouped  in  any  definite  ar- 
rangement. 

Conclusions 

From  a  study  of  the  data  given  in  this  report  the  following 
conclusions  may  be  dra^vii : 

1 — In  softwoods  the  water,  ether,  and  alkali  extracts  are 
higher  in  the  heartwood  than  in  the  sapwood,  and  as  a  result 
the  cellulose  and  lignin  are  correspondingly  lower  in  the  heart- 
wood  (except  lignin  in  white  cedar) . 

2 — On  the  basis  of  extractives  hardwoods  are  divided 
into  two  groups:  (a)  those  with  high  extractives  in  the 
heartwood,  and  (6)  those  with  liigh  extractives  in  the  sapn 
wood.  The  former  have  high  cellulose  content  in  the  sap- 
wood;  the  latter  in  the  heartwood. 

3 — Acetic  acid  by  hydrolysis  is  higher  in  the  sapwood 
than  in  the  heartwood  of  both  softwoods  and  hardwoods. 


Species 

White  ash 

Yellow  poplar 

Black  hickory 

Red  alder 

Bald  cypress 

Eastern  white  pine. . . . 

Yellow  cedar 

Southern  white  cedar., 
iDcense  cedar 


Table  II— Ratio 

OF  Methoxyl  to  ] 

3.               Sapwood 

Heartwood 

26,95 

27.39 

27.39 

28.38 

23,08 

22.19 

23.86 

23.69 

21.87 

22.85 

25.97 

25.68 

26.64 

25.94 

35.01 

33.06 

35.31 

32.27 

26.. 52 

26.14 

29.03 

28.73 

29.85 

31.39 

32.14 

32.42 

34.73 

33.67 

Lignin  on  Oven-Dry  (105°  C.)  Weight  of  the  Wood 


CHjO  X  100 


Sapwood 

Heartwood 

4.70 

5.36 

5.66 

5.20 

5.81 

5.86 

5.89 

6.03 

5.56 

5.79 

2,29 

5.33 

5.26 

5.26 

4.35 

3,94 

4.99 

4.07 

4.16 

4,60 

4.40 

4.81 

5.07 

5.00 

5.23 

5,09 

5.95 

6.21 

Heartwood 
19.5 
18.3 
26.4 
25.4 
25.3 
20.1 
20.3 
11.9 
12.6 
17.6 
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Furfural  from  Corncobs' 

III — Effect  of  Catalysts  on  Furfural  Yield  in  the  Steam  Digestion  Process 

By  Frederick  B.  LaForge  and  Gerald  H.  Mains 

Bureau  of  Chemistry,   Washington,  D.  C. 


Laboratory  experiments  were  made  to  determine  the  effect  of  em- 
ployment of  small  amounts  of  catalysts.  With  hydrochloric,  sul- 
furic, and  phosphoric  acids  a  marked  increase  of  furfural  yield 
was  obtained  when  quantities  of  acid  added  were  sufficient  to  neu- 
tralize the  natural  base  of  the  cobs.  Larger  quantities  did  not 
Siive  a  proportionate  increase.  The  effect  of  the  mineral  acids  is 
probably  due  largely  to  the  organic  acids,  especially  formic,  which 
are  liberated.  Direct  addition  of  formic  acid  produced  a  somewhat 
greater  increase  in  yield  than  did  the  mineral  acids.  Sulfurous 
acid  gave  results  comparable  with  those  obtained  by  formic  acid, 
indicating  that  the  presence  of  a  reducing  agent  increases  the  yield. 
From  an  economic  standpoint  the  sulfuric  and  sulfurous  acid 
catalysts  seem  to  offer  the  most  promise. 

Semicommercial  runs  using  the  sulfuric  acid  catalyst  gave 
furfural  yields  of  about  9  per  cent.  50  per  cent  higher  than  those  ob- 
tained in  steam  digestion  without  catalysts.  The  small  amount  of 
acid  used  does  not  require  neutralization,  and  there  is  no  increase 
in  steam  requirement  for  the  process.  Hence,  the  catalytic  process 
offers  considerable  commercial  advantage. 


A  PROCESS  for  pro- 
ducing furfural  from 
corncobs  by  steam 
digestion  and  the  develop- 
ment of  this  process  through 
the  semicommercial  stage 
have  been  discussed  in  pre- 
vious articles  of  this  series.^ 
The  yield  obtained  under 
the  optimum  conditions  de- 
termined was  slightly  over 
6  per  cent  of  the  air-dry 
weight  of  cobs  used,  or 
about  one-third  of  that  theo- 
retically obtainable. 

Owing  to  the  simplicity 
of  the  operations,  low  cost 
of  the  digestive  agent  em- 
ployed, and  short  reaction 
period,  furfural  can  be  pro- 
duced more  cheaply  by  this 

process  than  by  any  other  yet  described.  If  the  yield  could 
be  increased  without  material  change  in  the  conditions  of  the 
process,  for  instance  by  the  addition  of  catalysts,  even  more 
economical  production  would  be  possible. 

The  catalysts  fii'st  suggesting  themselves  were  the  mineral 
acids  heretofore  used  in  various  methods  for  the  production 
of  furfural.  The  use  of  mineral  acids  as  catalysts  in  the 
production  of  furfural  from  wood  waste  is  referred  to  in  several 
French  patents,^  but  with  no  significant  quantitative  data. 
The  organic  acids,  formic  and  acetic,  which  are  by-products 
of  the  steam  digestion  process,  also  present  themselves  for 
consideration.  The  effect  of  the  addition  of  small  quantities 
of  these  agents  was  tested,  using  the  apparatus  and  optimum 
conditions  worked  out  where  superheated  water  alone  was  the 
digesting  agent. 

Laboratory  Experiments 

Mineral  Acids — The  use  of  mineral  acids,  especially  sul- 
furic and  hydrochloric,  for  the  production  of  furfural  from 
pentosan-containing  materials  is  too  well  known  to  require 
special  mention  in  this  article.  The  usual  quantitati\'e 
analytical  method  involves  the  distillation  of  the  material 
with  at  least  two  hundred  times  its  weight  of  strong  hych-o- 
chloric  acid,  and  consequently  is  impracticable  for  the  prep- 
aration of  furfural.  Acid  digestion  methods  described  for 
the  preparation  of  furfuraH  give  considerably  less  than 
theoretical  yields  and  require  large  quantities  of  reagents. 
The  cost  of  such  reagents,  the  operations  necessary  for  their 
neutralization,  and  the  special  apparatus  required,  make  such 

1  Received  July  13,  1923. 

2  This  Journal,  16,  499,  823  (192.3). 

'  Raisin,  French  Patent  446,871  (October  12,  1911);  A.  and  E.  Lederer, 
French  Patent  464,608  (January  16,  1913);  Classen,  French  Patent  518,140 
(April  22,  1919). 

>  Goissedet  and  Guinot.  French  Patent  495,116  (May  8,  1917);  Ricard, 
U.  S.  Patent  1,322,054  (November  IS,  1919);  Monroe,  This  Journal,  13, 
133  (1921);  Adams,  Conant,  Clarke,  and  Kamm,  '■Organic  Syntheses,"  Vol. 
I,  1921,  p.  49.  John  Wiley  &  Sons,  Inc.  An  acid  digestion  method  is  being 
used  for  the  commercial  production  of  furfural  from  oat  hulls  by  the  Miner 
Laboratories  of  Chicago  [Chem.  Mel.  Eng.,  27,  300  (1922)  |,  but  details  of  the 
process  have  not  been  published. 


processes  expensive.  It 
seemed  probable,  however, 
that  the  use  of  very  smaU 
quantities  of  mineral  acids 
would  result  in  increased 
yields  under  the  conditions 
of  the  steam  digestion  proc- 
ess without  involving  the 
disadvantages  mentioned. 

All  the  catalj'tic  experi- 
ments were  made  under 
conditions  comparable  with 
those  in  which  water  alone 
was    the    digestive    agent. 

Except  where  otherwise 
noted  the  conditions  were 
the  following: 


Eight  hundred  grams  of 
broken  cobs  are  heated  for  30 
minutes  in  a  copper  autoclave 
at  180°  C.  with  4800  cc.  of 
water.  The  temperature  is  held  constant  for  90  minutes  longer 
while  a  slow  distillation  is  maintained.  The  distillate  collected 
(2700  to  3000  cc.)  is  measured  and  the  furfural  is  determined 
in  an  aliquot  part.  To  the  weight  of  furfural  in  the  distillate  is 
added  the  weight  of  free  furfural  found  in  the  liquid  remaining 
in  the  autoclave  and  the  yield  is  calculated  from  their  sura. 
In  the  e.xperiments  described  the  catalyst  was  added  to  the 
water  used  for  the  charge. 

The  results  obtained  where  small  quantities  of  sulfuric, 
hydrochloric,  and  phosphoric  acids  were  used  are  shown  in 
Table  I.  The  yields  in  all  the  tables  are  calculated  from 
analysis,  using  the  phloroglucinol  method.  Although  they 
are  somewhat  higher  than  the  true  yield,  which  may  be  con- 
sidered as  slightly  above  90  per  cent  of  the  values  given,  they 
are  entirely  satisfactory  for  comparative  purposes. 

Tablb  I — Effect   of   Mineral  Acid   Catalysts  on   Furfural   Yibld 

(Conditions:     800  grams  cobs;  4800  grams  water;     time  of  digestion,  120 

minutes;     temperature,  180°  C.) 

Furfural  Yield 


(Based  on  Air- 

. — Wei 

GHT  OF  Catalyst — . 

Dry  Weight  of 
Cobs) 

Per  cent 

H  Equiv- 

Grams 

of  Cobs 

alents 

Per  cent 
8.9 

I    4   0 

6.' 50 

0,08 

9.8 

4.5 

0.56 

0.09 

10.2 

6.0 

0.75 

0   12 

10.8 

.     6.0 

0.75 

0,12 

11. 0 

12,0 

1..50 

0.25 

10.9 

24.0 

3.00 

0.49 

10.7 

80.0 

10.00 

1.63 

7.7 

1    2.3 

0.29 

0.06 

10.2 

4.4 

0.55 

0.12 

11.3 

S.8 

1.10 

0,24 

11.8 

ll7,0 

2,13 

0,48 

10.0 

8.0 

1.00 

0,16 

11,2 

The  addition  of  the  acid  catalysts  results  in  a  marked  in- 
crease in  yield.  For  instance,  by  the  addition  of  6  grams 
of  sulfuric  acid  equal  to  0.75  per  cent  of  the  weight  of  cobs, 
the  average  furfural  yield  obtained  is  10.9  per  cent,  as  com- 
pared with  8.9  per  cent  where  water  alone  is  used. 

Several  experiments  were  made  to  determine  whether  the  pres- 
ence of  the  small  quantities  of  sulfuric  acid  used  had  any  effect 
on  the  optimum  conditions  as  determined  for  the  steam  digestion 
process.  The  temperature,  heating  period,  and  water-cob 
ratio  factors  were  each  checked  up  while  the  other  conditions 
were  kept  constant.  With  a  temperature  of  170°  C.  a  furfural 
yield  of  7.7  per  cent  was  obtained,  as  compared  with  10.9  per 
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cent  at  the  optimum  temperature  of  180°  C.  Using  a  90-minute 
heating  period  (instead  of  one  of  120  minutes),  the  yield  was  9.8 
per  cent.  Decreasing  the  volume  of  charge  water  from  4800 
to  3900  cc.  lowered  the  yield  to  10,5  per  cent.  These  experi- 
ments indicate  that  with  small  quantities  of  catalysts  the  con- 
ditions adopted  for  the  steam  digestion  process  give  the  most  satis- 
factory results. 

Phosphoric  acid  seems  to  affect  the  yield  in  about  the  same 
degree  as  sulfuric  acid.  For  commercial  applications  the 
present  high  cost  of  phosphoric  acid  would  eliminate  it  from 
consideration.  Hydrocliloric  acid  in  the  lower  concentra- 
tions gives  slightly  higher  yields  than  sulfuric  acid,  but  when 
the  concentration  of  acid  is  as  high  as  2  per  cent  of  the  weight 
of  the  cobs,  the  sulfuric  acid  catalyst  gives  the  better  yield. 
Of  these  two  acids,  sulfuric  would  probably  be  more  econom- 
ical. 
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Fig.  1 — Effect  of  Sulfuric  and  Hydrochloric  Acid  Catalysts  on 
Furfural  Yield 

By  plotting  the  yield  against  the  quantity  of  acid  used,  in 
terms  of  equivalents,  the  yield  curves  shown  in  Fig.  1  were 
obtained.  The  yield  with  either  catalyst  increases  greatly 
with  the  small  quantities  of  acid,  but  with  the  larger  quan- 
tities the  increase  is  not  proportionate.  In  the  case  of  sul- 
furic acid  a  quantity  equal  to  10  per  cent  of  the  weight  of 
cobs  causes  a  considerable  decrease  in  the  furfural  yield. 

The  sulfuric  acid  catalyst  ciu-ve  (Fig.  1)  has  a  sharp  in- 
flection at  the  point  correspondmg  to  0.12  equivalent  of 
acid  (equal  to  49  X  0.12  =  6  grams).  When  this  or  a  smaller 
quantity  of  acid  was  employed,  the  liquids  left  in  the  auto- 
clave, when  tested  with  indicators,  showed  no  free  mineral 
acid.  When  more  catalyst  was  used,  free  mineral  acid  was 
present.  It  may  be  assumed,  therefore,  that  at  the  point  of 
inflection  of  the  curve  sufficient  acid  has  been  added  to  corre- 
spond to  the  natural  bases  present  in  the  cobs.  This  as- 
sumption was  verified  by  an  actual  determination  of  the 
base.  It  was  found  that  basic  material  calculated  to  be 
present  in  the  ash  of  SOO  grams  of  cobs  corresponded  to  about 
0.12  equivalent  weight  of  acid. 

Forty  grams  of  cobs  ashed  in  a  platinum  dish  at  low  red  heat 
gave  0.6000  gram  of  ash.  The  ash  was  warmed  with  a  meas- 
ured quantity  of  standard  acid  and  the  solution  titrated.  For 
neutralization  of  the  bases  present,  30.4  cc.  of  0.2  ^V  acid  were 
required.  The  40  grams  of  cobs  taken  therefore  correspond  to 
0.00608  equivalent,  or  0.122  equivalent  weight  of  acid  corresponds 
to  800  grams  of  cobs. 

In  the  case  of  the  hydrochloric  acid  catalyst,  the  curve 
likewise  begins  to  flatten  at  0.12  equivalent,  but  the  peak  is 
not  reached  until  about  0.24  equivalent  of  acid  is  present. 
Beyond  this  point  the  yield  decreases  much  more  rapidly 
than  is  the  case  with  sulfuric  acid. 

Apparently,  where  quantities  of  mineral  acids  not  in  excess 
of  the  quantity  corresponding  to  the  base  present  in  the  cobs 
are  employed,  their  effect  is  chiefly  due  to  the  liberated  or- 
ganic acid  which  would  otherwise  be  neutralized,  rather  than 
to  any  direct  effect  wliich  thej'  themselves  may  have.     The 


quantity  of  organic  acid  ordinarily  obtained  in  steam  di- 
gestion is  between  4  and  5  per  cent  of  the  weight  of  cobs. 
In  one  case  analysis  showed  the  organic  acid  to  comprise 
acetic  and  formic  acids,  3  and  1.4  per  cent  of  the  weight  of 
cobs,  respectively.  The  addition  of  a  base  would  neutralize 
part  of  the  organic  acids  and  a  decrease  in  yield  might  be  ex- 
pected. In  one  experiment  a  base  in  the  form  of  sodium 
carbonate,  in  quantitj-  equal  to  about  1  per  cent  of  the  weight 
of  the  cobs,  was  added.  The  resulting  furfural  yield  was 
only  6.5  per  cent,  showing  that  any  decrease  in  the  free  acid 
is  disadvantageous.  The  quantity  of  base  added  in  this 
case  was  still  too  small  to  neutralize  all  the  acid  formed  in 
the  process. 

Organic  Acids — The  belief  that  the  liberated  organic 
acid  is  an  important  factor  in  the  increased  yield  obtained  in 
the  experiments  described,  is  supported  by  the  observations 
of  Heuser,^  who  has  shown  that  the  quantity  of  furfural  pro- 
duced on  heating  xylose  under  pressure  \vith  water  is  mate- 
rially increased  in  the  presence  of  a  mixture  of  acetic  and  for- 
mic acids.  He  infers  that  the  same  effect  may  be  obtained 
in  the  case  of  pentosan-containing  materials.  Several  ex- 
periments were  made  to  test  the  effect  of  these  acids  as  cata- 
lysts in  the  steam  digestion  of  corncobs,  and  the  data  obtained 
are  given  in  Table  II. 


Table  II — Effect  of  Organic  Acid  Catalysts 

ON  Furfural  Yield 

(Conditions:    Same  as  for  Table  I) 

Furfural  Yield 

(Based  on  .\ir- 

Weight  of  Catalyst 

Dry  Weight  of 

Organic                                            Per  cent 

Cobs) 

Acid                     Grams                of  Cobs 

Per  cent 

None                                                     ... 

8.9 

Acetic                       I'S                      \% 

9.0 
9.4 

Formic                     {1^                      \% 

12.0 
11.1 

Acetic  plus              (24)                   (3.0)) 

9.8 

Formic                 (H)  •                (1.4)  f 

Experiments  using  quantities  of  acetic  acid  varying  from  2 
to  2.5  per  cent  of  the  weight  of  cobs  produced  only  slight  in- 
creases in  yield.  Thus,  a  furfural  yield  of  9.4  per  cent  was 
obtained  in  the  presence  of  2.5  per  cent  of  acetic  acid,  as  com- 
pared with  8.9  per  cent  where  water  alone  was  used. 

On  the  other  hand,  formic  acid  produced  a  striking  increase 
in  yield.  By  using  15  grams  of  acid  to  800  grams  of  cobs 
(slightly  less  than  2  per  cent  of  the  weight  of  cobs)  a  furfural 
yield  of  over  12  per  cent  was  obtained.  Larger  ciuantities 
of  this  acid  do  not  seem  to  improve  the  yield,  which  was  only 
11.1  per  cent  when  5  per  cent  of  formic  acid  was  used. 

A  much  smaller  quantity  of  added  formic  acid  than  that 
indicated  above  will  produce  nearly  as  large  a  yield  if  a  quan- 
tity of  sulfuric  acid  equivalent  to  the  base  present  in  the  cobs 
is  added  at  the  same  time.  In  one  case  the  employment  of 
5  grams  of  formic  acid  (0.63  per  cent)  with  6  grams  of  sulfuric 
acid  gave  a  yield  of  11.7  per  cent.  From  a  practical  stand- 
point, however,  it  would  not  be  economical  to  use  even  this 
smaller  quantity  of  formic  acid. 

When  a  combination  of  acetic  and  formic  acids  was  added 
in  quantities  equal  to  that  normally  produced  in  the  steam 
digestion  process — 3  per  cent  and  1.4  per  cent,  respectively — 
a  9.8  per  cent  yield  of  furfural  was  obtained.  Tliis  experi- 
ment suggests  the  possibility,  in  large-scale  practice,  of  using 
the  mixture  of  dilute  organic  acids  produced  as  a  by-product 
in  one  digestion  as  part  of  the  charge  in  subsequent  digestions. 
In  this  way  an  appreciable  quantity  of  formic  acid  could  be 
made  available  economically. 

Reducing  Agents — The  results  obtained  indicate  that 
formic  acid  plays  an  important  role  as  a  catalyst  in  the 
production  of  furfural.  Suice  its  effect  is  apparently  different 
from  that  of  other  acids,  the  question  arises  if,  in  addition  to 
its  acidity,  some  other  property  is  not  partly  responsible  for 

>Z.  angtw.  Chem.,  27,  654  (1914). 
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its  action .  Formic  acid  differs  from  the  other  acids  mentioned 
in  that  it  is  a  reducing  agent,  and  as  such  might  protect  the 
furfural  from  oxidation  and  accompanying  polymerization 
during  the  digestion  process. 

Since  from  an  economic  standpoint  formic  acid  seemed  to 
be  unsuitable  as  a  reducing  catalyst,  consideration  was  given 
to  the  use  of  a  cheaper  agent,  such  as  sulfur  dioxide.  Ex- 
periments employing  various  quantities  of  this  reagent  were 
made.  The  results  obtained  are  shown  in  Table  III.  In  all 
cases  sulfuric  acid  also  was  added  in  quantities  sufficient  to 
neutralize  the  natural  base  of  the  cobs,  and  the  yields  ob- 
served must  be  compared  with  the  yield  (about  10.9  per  cent) 
obtained  with  the  sulfuric  acid  alone.  The  addition  of  sul- 
fur dioxide  in  quantities  up  to  the  point  where  about  2.4 
jjer  cent  of  SO-:  is  present  results  in  increased  yields  of  fur- 
fural. At  this  point  the  yield  is  12.3  per  cent,  or  an  increase 
of  1.4  per  cent.  Larger  quantities  of  sulfur  dioxide  cause  a 
decrease  in  yield,  as  shown  in  the  table.  This  observation 
is  in  agreement  with  the  fact  that  comparatively  little  fur- 
fural results  from  the  treatment  of  pentosan-containing 
woods  by  the  sulfite  process.  Since  the  cost  of  sulfur  dioxide 
is  low,  it  might  be  feasible  to  employ  it  as  a  catalyst  in  the 
commercial  manufacture  of  furfural. 

AND    SULFUROUS    ACIDS    ON 


(Conditions:  Sam 

e  as  for  Tables  I  and  II) 

Fi 

jrfnral  Yield 

Proportion  of 

(Based  on  Air- 

-Catalyst . 

SOj 

Dry  Weight  of 

>                     Grapis 

to  Cobs 

Cobs) 

I                        SOs 

Weight,  Per  cent 

Per  cent 
10.9 

"s 

i.o 

11.6 

19 

2.4 

12  3 

40 

5.0 

10.0 

Miscellaneous  Catalysts — Several  neutral  salts  of  the 
inorganic  acids  Vy^re  tried  as  catalysts.  Of  these,  sodium 
sulfate  and  zinc  chloride  in  small  quantities  had  no  effect, 
while  sodium  bisulfite  decreased  the  yield. 

The  adverse  effect  of  iron  in  the  steam  digestion  process 
has  been  mentioned  in  a  previous  article.*  In  cases  where 
sulfuric  acid  in  quantity  equivalent  to  that  of  the  base  was 
employed,  a  similar  decrease  in  furfural  yield  in  the  presence 
of  iron  was  observed.  Thus,  when  a  sheet-iron  lining  was 
placed  in  the  autoclave,  no  other  change  being  made  in  the 
conditions,  the  yield  was  7.9  per  cent  instead  of  10.9  per  cent. 

Conclusions  from  Laboratory  Experi.ments — The 
yield  of  furfural  may  be  materially  increased  by  adding  to  the 
charge  a  quantitj'  of  sulfuric  acid  equivalent  to  the  quantity 
of  the  natural  base  of  the  cobs.  This  change  is  entirely  prac- 
ticable, since  the  cost  of  the  acid  would  be  negligible.  More- 
over, it  is  not  necessary  to  neutralize  the  acid.  It  very 
quickly  combines  with  the  base  of  the  cobs,  so  that  its  effect 
on  the  equipment  would  be  slight.  The  use  of  formic  acid, 
except  where  the  dilute  acid  solutions  produced  in  the  process 
are  utilized,  is  excluded  for  economic  reasons.  Sulfur  dioxide 
also  seems  to  offer  some  promise  as  a  catalyst. 

Semi  commercial  Runs 

The  laboratory  experiments  having  indicated  that  sulfuric 
and  sulfurous  acids  were  the  most  promising  catalysts  in  iu- 

'  This  Journal,  IB,  S23  (1923). 


creasing  furfural  yield,  the  next  step  was  to  extend  the  work  ' 
to  a  semicommercial  scale.  Since  the  special  equipment 
which  would  be  required  in  the  use  of  sulfurous  acid  was  not 
available,  experiments  were  limited  to  tests  with  sulfuric  acid. 
The  runs  were  made  at  the  Bureau  of  Chemistry  e.xperimental 
plant,  fuUy  described  in  a  previous  article.* 

A  charge  of  200  to  250  pounds  of  cobs  and  four  times  that 
weight  of  water  is  heated  in  a  steel  digester  by  means  of  direct 
steam.  During  the  heating  period  a  slow  distillation  is  main- 
tained. At  the  end  of  2  hours  the  contents  of  the  di- 
gester are  discharged,  and  the  solid  residue  is  drained  and 
pressed.  Most  of  the  furfural  formed  in  the  process  is  found 
in  the  distillate  in  the  form  of  a  2  to  3  per  cent  solution.  The 
portion  left  in  the  discharge  liquor  is  generally  recovered  by 
a  separate  distOlation  as  a  weak  solution  and  is  added  to  a 
subsequent  charge.  The  furfural  is  separated  from  the  di- 
gester distillate  by  means  of  a  specially  designed  column  still. 

The  conditions  found  most  suitable  for  the  steam  digestion 
process  are  a  temperature  of  180°  C,  corresponding  to  130 
to  135  pounds  of  steam  pressure,  and  a  digestion  period  of  2 
hours.  The  yield  of  furfural  actually  isolated  is  slightly  over 
6  per  cent  of  the  air-dry  weight  of  cobs  used.  The  same  con- 
ditions were  adopted  for  the  runs  in  which  sulfuric  acid  was 
used  as  a  catalyst.     The  data  obtained  are  given  in  Table  IV. 

In  three  of  the  runs  (2,  4,  and  5)  sulfuric  acid,  in  quantity 
equivalent  to  the  natural  base  of  the  cobs  in  the  charge,  was 
employed.  This  quantity  is  equal  to  0.75  per  cent  of  the  air- 
dry  weight  of  the  cobs.  In  Run  3,  instead  of  sulfuric  acid,  an 
equivalent  quantity  of  sodium  bisulfate  was  used.  The  yields 
given  in  the  table  were  calculated  from  analysis  of  the  dis- 
tillate and  discharge  liquors.  For  comparison,  data  are 
given  for  a  typical  run  where  no  acid  was  used  (Run  1). 

The  use  of  the  sulfuric  acid  catalyst  increased  the  yield  from 
6.4  per  cent  to  an  average  of  9.6  per  cent,  approximately  a 
50  per  cent  increase.  The  bisulfate  did  not  seem  to  be  quite 
as  efficient  as  the  sulfuric  acid. 

The  discharge  liquor  showed  no  free  mineral  acids  when 
tested  with  indicators  and  no  effect  of  the  acid  on  the  digester 
was  noted.  Since  no  neutralization  is  requked,  it  is  entirely 
feasible  to  employ  quantities  of  acids  of  the  order  mentioned. 
By  using  0.75  per  cent  of  sulfuric  acid  an  increase  in  furfural 
yield  equal  to  3.2  per  cent  of  the  weight  of  cobs  was  obtained. 
In  other  words,  a  gain  of  4.2  pounds  of  furfural  results  from 
the  addition  of  1  pound  of  catalyst. 

Runs  1,  4,  and  5  were  made  after  the  digester  and  steam 
line  had  been  insulated  with  an  asbestos-magnesia  covering, 
while  Runs  2  and  3  were  made  without  this  improvement. 
Runs  4  and  5,  where  the  acid  catalyst  was  used,  may  therefore 
be  considered  as  typical  from  the  standpoint  of  steam  con- 
sumption, as  well  as  from  that  of  yield. 

The  steam  consumption  per  unit  weight  of  cobs  is,  of  course, 
the  same  with  or  without  the  presence  of  the  catalyst. 

The  steam  required  for  the  digestion  in  any  particular  run 
may  be  calculated  by  subtracting  the  quantity  of  charge  water 
from  the  sum  of  the  distillate  and  discharge  liquor  weights.  In 
the  table  the  values  from  Runs  4  and  5  are  essentially  the  same 
as  those  in  Run  1.  The  quantity  of  steam  necessary  to  recover 
the  furfural  from  the  discharge  liquors  and  to  rectify  the  digester 
distillate  will  be  practically  the  same  for  all  runs  since  the  vol- 


Run 

Table  IV — Effect  op  Catalystu  on  Furfural  Yield  in  Semicommercial  Runs 

Time  of   Weight  of                                                                             Furfural 
Time  for                          Blow-Off      Total                                                                                       in 
Weight  of  Charge     Heating      Time  of   (Pressure,     Distil-    Furfural  in  Distillate  Discharge  Discharge 
Cobs           Water     to  ISO"  C.  Digestion  135-5  Lbs.)     late       Concentration  Weight           Liquor        Liquor 
Lbs.              Lbs.            Min.            Min.           Min.            Lbs.           Percent           Lbs.                Lbs.             Lbs. 

Yield 
Total            (Based  on 
Furfural   Air-Dry  Weight 
Produced        ol  Cobs) 
Lbs.             Per  cent 

1 
2 
3 
4 

5 

225               700               11               120               20               731               1.69. 
215                560                13                120                23                735                2.49* 
214                570                10                120                20                798                2.16 
224                700                10                120                19                702                2.62 
229                65U                  S                120                20                S03                2.49 

12.3                757                2.0 

18.3  993                2.5 
17.2               961               1.7 

18.4  S27                2.8 
20.0               820               2.3 

14.3               6.36 

20.8  9.67 

18.9  8.83 

21.2  9.46 

22.3  9.74 

o  Run  1  i: 
Run  3  an  equ; 

l>  By  repe 
cent  of  the  ani 

5  a  typical  steam  digestion  run  without  catalyst.     In  Runs  2,  4,  and  5  sulfuric  acid  equal  to  0.75  per  cent  of  the  weight  of  cobs  was  added.    In 
ivalent  amount  of  sodium  bisulfate  was  used. 

;ated  fractionation  in  glass  of  an  aliquot  of  the  distillate  the  amount  of  furfural  actually  isolated  was  equivalent  to  2.31   per  cent,  or  92.8  per 
alytical  value.      I'rom  this  the  actual  furfural  yield  for  the  run  is  calculated  to  be  8.97  per  cent. 
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umes  and  concentrations  of  the  liquids  handled  do  not  vary  ma- 
terially.' 

Because  of  the  increased  yield,  considerably  less  steam  per 
pound  of  furfural  would  be  required  in  the  catalytic  process. 

It  has  already  been  sho^Ti  that  the  presence  of  iron  de- 
creases the  yield  of  furfural,  whether  acid  is  used  or  not. 

'  For  further  data  on  steam  coasumption  in  furfural  production  see  This 
Journal,  16,   S23  (1923). 


The  semicommercial  experiments  with  the  steel  digester  gave 
yields  lower  tlian  those  obtained  under  comparable  conditions 
in  the  laboratory.  It  would  seem  to  be  ad\asable  in  com- 
mercial practice,  therefore,  to  employ  a  digester  lined  with 
tile  or  other  inert  material.  With  this  improvement  it  is 
probable  that  the  yields  would  closely  approach  those  ob- 
tained on  a  small  scale. 


Preparation  of  Dicyanodiamide  from  Calcium  Cyanamide' 


By  H.  C.  Hetherington  and  J.  M.  Braham 

Fixed  Nitrogen  Research  Laboratory,  Washington,  D.  C- 


THE  growing  interest 
in  the  possibilities  of 
dicyanodiamide  as  a 
base  material  in  the  sjTithe- 
sis  of  a  variety  of  nitrogen 
compounds  warrants  fur- 
ther study  of  methods  for 
its  preparation.  Its  possi- 
bilities have  not  as  yet  been 
fully  determined,  but  it  is 
believed  that  when  it  be- 
comes available  in  quantity 
at  a  low  price  its  field  of 
usefulness  will  be  greatly 
extended. 

The  source  of  dicyanodiamide,  commercial  calcium  cyan- 
amide,  is  already  a  relatively  cheap  material,  and  hence  it 
is  in  the  method  of  producing  dicyanodiamide  from  it  that 
a  decided  lowering  in  cost  is  to  be  expected.  The  production 
of  dicyanodiamide  has  formed  the  subject  of  se\-eral  patents 
and  other  publications,  but  the  hterature  on  this  subject 
does  not  contain  sufficient  information  to  enable  one  to 
carry  out  the  process  in  an  efficient  manner.  The  purpose 
of  the  investigation  here  reported  was  to  obtain  the  informa- 
tion necessary  for  the  development  of  a  process  on  a  technical 
scale.  In  addition  to  laboratory  studies,  some  larger  scale 
experiments  were  performed,  in  the  course  of  which  200 
pounds  of  dicj-anodiamide  were  prepared. 

The  preparation  of  dicyanodiamide  from  calcium  cyan- 
amide  is  based  on  the  fact  that  in  a  hot  alkaline  solution 
cyanamide  pohinerizes  quite  readily  to  dicyanodiamide. 
Dicyanodiamide  can  tlierefore  be  obtained  simply  by  ex- 
tracting crude  calcium  cj'anamide  with  hot  water  and  evap- 
orating the  filtrate  to  crystallization.  The  principal  diffi- 
culty in  such  a  process  is  that  cj'anamide  is  converted  to  a 
considerable  extent  into  compounds  other  than  dicyano- 
diamide, resulting  in  a  very  low  yield. 

The  main  reaction  involved  in  the  preparation  of  dicyano- 
diamide may  be  briefly  stated  as  follows.  On  extracting 
calcium  cyanamide  u-ith  water  the  normal  salt  is  hydrolj'zed 
to  the  acid  salt  and  calcium  hydroxide: 

2CaCN,  -I-  2H2O ►  Ca(HCN:):  +  CaCOH). 

The  acid  salt  is  quite  unstable  in  solution  and  undergoes  a 
number  of  changes,  depending  principally  on  conditions  of 
temperature  and  length  of  storage.  It  hydrolyzes  further, 
yielding  free  cyanamide: 

Ca(HCN2)2  +  HoO  5=t  2H2CN2  +  Ca(OH)2 
which  then  in  part  polymerizes  to  dicyanodiamide: 

2HoCN., -(U.CN^h 

and  in  part  hydrolyzes  to  urea: 

'  Received  February  26,  1923. 


This  inoestigation  includes  a  study  oj  the  most  efficient  method 
jor  extracting  the  cyanamide  nitrogen  jrom  commercial  calcium 
cyanamide,  and  the  determination  oj  the  optimum  conditions  as  to 
temperature  and  time  of  treatment  for  effecting  the  conversion  to 
dicyanodiamide.  The  precautions  which  should  be  observed  in 
the  various  steps  of  the  process,  and  the  type  of  equipment  required 
have  been  ascertained. 

From  this  investigation  it  appears  that  dicyanodiamide  can  be 
produced  in  quantity  at  a  cost  not  greater  than  that  of  many  organic 
compounds  which  are  now  used  in   bulk,. 

The  solubility  of  dicyanodiamide  in  water,  ethyl  alcohol,  and 
ether  was  also  determined. 


H2CN2  +  H2O— »CO(NH2)2 


Other  compounds,  such  as 
melamine,  cyanourea,  and 
ammonia,  are  also  produced 
to  a  considerable  extent 
when  a  solution  of  the  acid 
salt  is  maintained  at  a  high 
temperature.  It  is  seen, 
therefore,  that  the  main 
problem  in  preparing  di- 
cyanodiamide consists  in 
converting  a  solution  of 
calcium  acid  cyanamide, 
Ca(HCN2)2,  into  dicyanodiamide  under  such  conditions 
that  side  reactions  are  reduced  to  a  minimum. 

Various  modifications  of  the  simple  process  mentioned 
above  have  been  proposed  which  are  essentially  attempts 
to  accelerate  the  polymerization  reaction,  thereby  increasing 
the  yield  of  dicyanodiamide.  The  catalytic  influence  of 
even  very  small  quantities  of  ammonium  hydroxide  on  this 
reaction  was  observed  by  Haag  and^Streckers,^  and  later 
a  process  for  the  production  of  dicyanodiamide  was  proposed' 
in  which  as  much  as  one-half  mol  ammonia  per  mol  of  cyan- 
amide is  used.  In  this  process  a  hot  solution  of  calcium  acid 
cyanamide,  to  which  the  ammonia  has  been  added,  is  treated 
with  carbon  dioxide,  the  precipitated  calcium  carbonate 
filtered  off,  and  the  solution  evaporated  to  the  point  of 
crystallization  or  dryness.  The  added  ammonia  is  recovered. 
The  use  of  cyanamides  of  the  hea%'j'  metals — for  example, 
zinc  cyanamide — as  catalysts  was  proposed  by  Immendorf 
and  Kappen . '  Neither  of  these  processes  has  been  developed . 
That  the  rate  of  polymerization  of  cyanamide  in  aqueous 
solution  is  at  a  maximum  when  undissociated  cyanamide 
and  cyanamide  ion,  HCNj  ,  are  present  in  equivalent  pro- 
portions, was  shown  by  Grube  and  Kriiger^  in  their  stud}'  on 
the  kinetics  of  the  polymerization  reaction.  They  concluded 
that  dicyanodiamide  resulted  from  the  union  of  the  cyan- 
amide ion,  formed  bj-  the  ionization  of  a  salt  such  as  calcium 
acid  cyanamide,  and  an  undissociated  cyanamide  molecule. 
The  dicyanodiamide  ion  thus  formed  inunediately  changes, 
because  of  its  extremely  low  ionization,  to  the  un-ionized 
compound  through  combination  with  hydrogen  ions  present 
in  the  aqueous  solution.  A  process  based  on  these  observa- 
tions was  patented'  and  an  investigation  on  its  technical 
application  was  made  by  Grube  and  Nitsche,'  who  stated 
that  good  results  could  be  obtained  by  it.     Results  sub- 

'  Ann.,  122,  22  (1862). 

'  D.  R.  P.  252.273   (1910). 

<  D.  R.  P    257.769   (1911). 

»  Z.  physik.  Chem  ,  86,  65  (1913). 

*  Grube  and  Kruger.  D.  R.  P.  279.133  (1913). 

'  Z.  angew.  Chem.,  1,  368  (1914). 
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IMERCIAL   CaLC 

Proportion 

Water  Used  in  Wash- 

CaCNj to 

ing  Filter  Cake 

Temp. 

Expt. 

mo 

Cc. 

"C. 

2 

1:2.5 

None 

100 

3 

1:  2.5 

None 

100 

4 

1:2.5 

3  100- 

cc.  portions 

100 

5 

1:4 

None 

60  to  65 

6 

1:  4 

100 

100 

7 

1:4 

100 

60  to  65 

8 

1:  4 

100 

60  to  65 

9 

1:  4 

None 

60  to  65 

10 

1:  4 

150  cc 

.  (100  and  50) 

60  to  65 

11 

1:  4 

90 

60  to  65 

12 

1:4 

None 

60  to  65 

13 

1:  4 

400 

60  to  65 

14 

I:  4 

None 

60  to  65 

15 

1:  5 

100 

60  to  65 

16 

1:  5 

100 

45  to  50 

17 

1:  5 

None 

20 

18 

1:5 

None 

16 

19 
20 

1:7.5 
1:7.5 

90 
500 

60  to  65 
60  to  65 
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"  Wash  water  from  Experiment  13  used  for  extraction. 

stantiating  this  theory  of  dicyanodiamide  formation  were 
independently  presented  at  about  the  same  time  by  Morrell 
and  Burgen.*  An  investigation  on  the  hydrolysis  and 
polymerization  of  cyanamide  made  at  this  laboratory'  further 
confirmed  this  ionic  theory  of  dicyanodiamide  formation, 
and  also  brought  to  light  certain  related  reactions,  particularly 
urea  formation,  which  were  not  fuOy  taken  into  account  by 
Grube  and  Kriiger  in  their  study  on  the  polymerization  in 
the  presence  of  calcium  hydroxide.  Tliese  will  be  referred 
to  later  in  this  paper. 

In  the  course  of  the  present  investigation,  prelunmary 
experiments  led  to  the  conclusion  that  satisfactory  results 
could  best  be  obtained  by  a  method  based  upon  the  ionic 
mechanism  suggested  by  Grube  and  Kriiger."  It  was  clearlj' 
shown  m  the  experiments  of  Grube  and  Nitsche  that  the  use 
of  ammonium  hydroxide  in  maintaining  the  desired  ionic 
relations  was  fairly  satisfactory  from  the  standpoint  of  yields 
obtained,  but,  as  was  pointed  out  by  these  investigators, 
the  recovery  of  ammonia  would  add  an  undesirable  compli- 
cation to  the  operation. 

The  use  of  the  cyanamide  of  a  heavy  metal  as  a  catalyst 
for  tlie  polymerization  of  cyanamide,  as  proposed  by  Im- 
mendorf  and  Kappen,^  was  not  investigated  in  the  present 
study,  since  the  work  of  Grube  and  Nitsche'  on  zinc  cyan- 
amide had  shown  that  it  was  not  very  satisfactory. 

The  essential  feature  of  Grube  and  Kriiger's  method  is 
that  the  concentration  of  cyanamide  ion,  HCN2~,  and  uii- 
dissociated  cyanamide,  H2CN2,  be  so  regulated  that  there 
is  always  present  in  solution  one  molecule  HCN2"  per  mole- 
cule H2CN2.  The  most  favorable  conditions,  particularly 
as  regards  temperature  and  time  of  treatment,  had  not  pre- 
viously been  satisfactorily  established.  The  effect  of  tem- 
perature on  the  course  of  cyanamide  transformation  is  par- 
ticularly important  in  this  process,  as  will  be  shown  later. 
In  addition,  there  is  very  little  information  in  the  literature 
on  the  best  conditions  for  the  extraction  of  calcium  cyan- 
amide, and  hence  this  operation  also  was  studied  in  the 
present  investigation. 

Extraction  of  Calcium  Cyanamide 
The  most  efficient  conditions  of  extracting  calcium  cyan- 
amide as  to  quantity  of  water,  temperature,  and  duration 
of  extraction  are,  of  course,  somewhat  dependent  on  equip- 
ment available  and  on  the  scale  of  operations.     The  aim, 
in  general,  however,  is  to  secure  as  complete  an  extraction 
of  nitrogen  as  possible  with  a  minimum  quantity  of  water 
in  the  shortest  possible  time,  without  the  transformation  of 
any  of  the  cyanamide  into  forms  other  than  dicyanodiamide. 
The  procedure  in  the  extraction  experiments  was  as  follows : 
One  hundred  grams  of  commercial  calcium  cyanamide  were 
extracted  with  a  measured  volume  of  water  in  a  mechanically 

8  J.  Chem.  Soc.    {London).   106,   576   (1914). 

>  Hetherington  and   Braham,  J    Am.   Chem.   Soc.  46,   824   (1923). 
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90.0 
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81.4 
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87.3 
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87.0 

92.0 

77.8 

82.8 
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60.4a 

64.2 

90.0 

95.4 

89.0 

94.4 

50.4 

53.0 

62.0 

65.6 

^ 

91.5 

97.2 

93.8 

99.5 

12.0 
3.3 
4.1 


stirred  vessel  for  a  given  time  at  a  temperature  controlled  to 
within  2.5°  C.  except  as  otherwise  noted.  A  small  variation 
in  temperature  has  but  slight  effect  on  the  result.  At  the  end 
of  extraction  the  slurry  was  immediately  filtered  on  a  Biichner 
funnel  and  the  filter  cake  washed  with  a  measured  volume  of 
water.  The  filtrate  was  analyzed  for  total  nitrogen  in  all  experi- 
ments, and  in  some  cases  urea,  cyanamide  nitrogen,  and  calcium 
were  also  determined.  The  evolution  of  ammonia  was  noted 
in  all  extractions  made  above  room  temperature.  To  determine 
the  loss  of  nitrogen  in  this  form  several  extractions  were  made 
in  a  closed  system,  the  ammonia  being  carried  into  standard 
sulfuric  acid  by  a  slow  current  of  air. 

The  calcium  cyanamide  used  in  these  experiments  contained 
20.3  per  cent  total  nitrogen,  19.1  per  cent  "water-soluble"  nitro- 
gen, and  19.1  per  cent  cyanamide  nitrogen.  By  "water-soluble" 
nitrogen  is  meant  the  quantity  of  nitrogen  extracted  when  2 
grams  of  calcium  cyanamide  are  agitated  with  400  cc.  of  water 
in  an  end-over-end  extractor  for  2  hours  at  approximately  25°  C. 

The  results  of  the  extraction  experiments  (Table  I)  show 
that  the  loss  of  nitrogen  as  ammonia  is  not  particularly 
serious  even  at  100°  C.  during  a  15-minute  extraction,  but 
that  the  loss  as  urea  is  very  important  at  this  temperature. 
Even  at  60°  to  65°  C.  for  15  minutes  the  loss  is  3  to  4 
per  cent.  The  use  of  filter-cake  wash  water  for  subsequent 
extractions  results  in  a  low  extraction,  as  is  seen  by  com- 
paring Experunents  12  and  14.  From  these  results  it  ap- 
pears that  in  technical  operation  the  extraction  of  calcium 
cyanamide  with  about  five  times  its  weight  of  water  at  a 
temperature  of  45°  to  50°  C.  for  30  minutes  will  be  found 
most  satisfactory  from  the  standpoint  of  general  economy 
of  operation.  The  quantity  of  wash  water  to  be  used  will 
depend  on  the  filtering  equipment  employed,  but  in  the  lab- 
oratory experiments  a  weight  approximately  equal  to  that 
of  the  calcium  cyanamide  was  found  desirable.  The  stir- 
ring during  extraction  should  be  very    vigorous. 

An  average  analysis  of  the  extract  obtained  under  the 
conditions   just   mentioned   is: 


Per  cent 

Total  nitrogen 

Cyanamide  nitrogen 

Urea  nitrogen 

Dicyanodiamide  nitrogen  (by  difference) 

Calcium 

3.5S 
3.31 
0.06 
0.21 
2.41 

from   which   the   following   approximate    C( 
calculated: 

Dmposition 

Per  cent 

Calcium  acid  cyanamide,  Ca(HCN=)2 

Urea 

Dicyanodiamide 

7.35 
0.12 
0.32 

Polymerization  of  Cyanamide 

To  establish  the  proper  ratio  (1:1)  of  free  cyanamide  to 
the  ion,  HCN2'",  for  a  maximum  polymerization  rate,  it 
is  necessary  to  liberate  one-half  of  the  cyanamide,  which 
is  combined  as  calcium  acid  cyanamide.  From  the  stand- 
pomt  of  availability  and  cost  the  choice  is  practically  limited 
to  three  acids — namely,  hydrochloric,  nitric,  and  sulfuric. 
The  calcium  salts  of  the  first  two  are  so  soluble  that  they 
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would  remain  in  the  concentrated  mother  Uquor  with  the 
other  very  soluble  constituents.  Their  separation  or  elim- 
ination would  be  very  difficult.  The  insolubOity  of  calcium 
sulfate,  on  the  other  hand,  makes  possible  an  almost  com- 
plete removal  of  the  calcium  from  the  solution.  Sulfuric 
acid  is  also  relatively  cheap,  and  hence  it  was  the  only  acid 
studied  in  this  investigation. 

A  convenient  method  of  determining  the  quantity  of  acid 
required  to  establish  the  desired  concentration  is  to  titrate 
a  sample  of  the  extract  -n-ith  sulfuric  acid,  using  methyl 
orange  as  an  indicator.  The  extract  may  also  be  di\ided 
into  two  equal  portions,  one  portion  completely  neutralized 
■n-ith  sulfuric  acid,  and  the  solutions  then  recombined.  A 
direct  measure  of  the  quantitj'  of  acid  which  must  be  added 
during  the  polymerization  process  is  thus  obtained. 

Effect  of  TEMPEFLiXURE  ox  Transformation  of  Cy.\n- 
AMiDE — Preliminary  experiments  on  the  pol3^nerization  of 
cyanamide  at  temperatures  above  85°  C.  indicated  that 
only  about  74  per  cent  of  the  nitrogen  in  solution  was  con- 
verted to  dicyanodiamide.  Qualitative  tests  showed  that 
large  quantities  of  urea  were  formed.  To  determine  the 
effect  of  temperature  on  urea  formation,  a  calcium  cyan- 
amide  extract  having  a  concentration  of  21.76  grams  total 
nitrogen  per  liter,  and  contaming  0.32  gram  urea  nitrogen 
per  liter,  was  treated  T\'ith  such  a  quantity  of  sulfuric  acid 
that  ionized  and  un-ionized  cyanamide  were  present  in 
the  proper  proportions.  Aliquots  of  this  solution  were  main- 
tained at  definite  temperatures  while  the  required  amount 
of  acid  was  introduced  at  a  uniform  rate  over  a  period  of 
2  hours.  The  per  cent  of  total  nitrogen  found  in  the  form 
of  urea  at  55°,  70°,  80°,  and  95°  C.  was  3.2,  8.2,  16.5,  and 
22.8,  respectively.  The  effect  of  temperature  on  urea  forma- 
tion is  therefore  seen  to  be  very  pronounced.  The  cyan- 
amide content  of  the  final  solutions  was  not  determined  and 
the  ammoniacal  silver  nitrate  test  is  unreliable  in  such  solu- 
tions, but  from  later  experiments  it  appears  that  only  at  the 
two  highest  temperatures  was  the  conversion  practically 
complete. 

To  determine  the  effect  of  operating  at  a  moderate  tem- 
perature two  experiments  were  made  at  60°  C.  using  the 
procedure  described  above.  The  cyanamide  was  deter- 
mined by  precipitation  with  ammoniacal  silver  nitrate. 
Experience  in  this  laboratory  has  shown  that  in  the  presence 
of  urea  and  dicyanodiamide  the  silver  cyanamide  precipitate 
includes  considerable  quantities  of  these  two  compounds. 
To  avoid  errors  from  this  source  the  silver  precipitate  was 
filtered  off,  washed,  dissolved  in  dilute  nitric  acid,  and  repre- 
cipitated  by  the  addition  of  ammonium  hydroxide.  The 
silver  in  the  precipitate  was  then  determined,  after  thorough 
washing,  by  titration  with  standard  thiocyanate.  This 
method  has  been  shown  to  give  very  accurate  results  even 
in  the  presence  of  large  quantities  of  dicyanodiamide  and 
urea.  Urea  was  determined  by  the  urease  method.'"  The 
results  are  shown  in  Table  II. 


Table  Ila — Conversion  op  Cyanamide 


Table  II — Conversion  of  Cyanamide 


-For  2  Hours- 


-For  4  Hour 


Grams  per  Per  cent  of  Grams  per  Per  cent  of 

Liter  of  Total  Ni-  Liter  of  Total  Ni- 

CONSTITUENT                  Solution          trogen  Solution  trogen 

Total  nitrogen                      24.75             100  0  18.74  100.0 

Cyanamide  nitrogen               7.54                30  0  2.99  15.0 

Urea  nitrogen                          0.76                 3.7  1.57  8.4 

In  a  further  series  of  experiments  solutions  which  origi- 
nally contained  26.2  grams  of  nitrogen  per  Uter  as  calcium 
acid  cyanamide  were  maintained  at  60°  C.  for  4  hours, 
following  closely  the  precedure  of  Grube  and  Xitsche.  In 
Experiments  1  and  2,  hydrocliloric  acid  was  used  as  by  Grube 
and  Nitsche,  while  in  Experiments  3  and  4,  sulfuric  acid  was 
used  for  comparison.     The  results  are  shown  in  Table  Ila. 

'"Fox  and  Geldard,  This  Journal.  15,  743  (1923). 


. Per 

Cyanamid 
13.5 
12.6 
15.1 
15.4 


OF  Total  Nitrogen  as . 

Urea  Dicyanodiamide 

5.7  80.0 

5.9  78.2 

3.2  79.8 

3.1  78.2 


It  is  evident  from  the  data  in  the  foregoing  tables  that 
conversion  is  far  from  complete  at  60°  C,  even  after  4  hours. 
In  twelve  other  similar  experiments  substantially  the  same 
results  as  those  given  were  obtained,  and  in  no  case  at  this 
temperature  was  it  possible  to  obtain  over  80  per  cent  con- 
version to  dicyanodiamide  in  solution.  The  yields  were 
determined  by  analysis  of  the  solutions,  using  the  nickel- 
guanylurea  method.  Grube  and  Nitsche  reported  dicyano- 
diamide jields  as  high  as  89  per  cent  under  these  conditions. 
In  view  of  these  results  and  the  known  inaccuracy  of  the 
older  analytical  methods  for  dicj-anodiamide,  their  results 
are  apparently  too  high. 

Owing  to  the  comparatively  slow  rate  of  polymerization 
even  at  60°  C,  it  appears  that  operation  at  a  higher  temper- 
ature is  to  be  preferred  in  spite  of  the  increase  in  urea  forma- 
tion. In  several  experiments  made  at  80°  C.  for  1.25  hours, 
yields  of  dicyanodiamide  corresponding  to  about  80  per  cent 
were  obtained.  It  was  noted  particularly  that  the  percentage 
of  urea  formed  was  nearly  as  large  in  1.25  hours  as  in  2  hours 
at  80°  C. 

The  results  of  a  series  of  experiments  designed  to  deter- 
mine the  yields  when  operating  at  75°  C.  or  higher,  are  shown 
in  Table  III.  The  solutions  used  contained  28  to  30  grams 
of  nitrogen  per  liter.  Dicyanodiamide  was  determined  by 
direct  weighing  of  the  carefully  crystallized  and  dried  product. 


Table  Ill- 

—Polymerization  of  ' 
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86.4 

2 
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83.3 
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It  is  seen  from  these  results  that  when  poljTnerization  is 
carried  out  by  fractional  precipitation  of  calcium  at  75°  C. 
for  2  hours,  about  85  per  cent  of  the  nitrogen  in  solution  is 
obtained  as  dicyanodiamide.  Of  the  remaining  15  per  cent 
about  two-thirds  is  urea. 

As  compared  with  operation  at  60°  C.  the  advantage  of 
the  higher  temperature  (75°  C.)  lies  not  only  in  the  slightly 
better  yield,  but  especially  in  the  shorter  time  of  treatment 
required. 

To  determine  the  suitability  to  larger  scale  operation  of 
the  process  developed  in  the  laboratory,  200  pounds  of  di- 
cyanodiamide were  made  in  batches,  using  100  pounds  of 
calcium  cyanamide  at  a  time.     The  procedure  was  as  follows: 

The  calcium  cyanamide  was  extracted  with  approximately 
five  times  its  weight  of  water  at  45°  to  50°  C.  for  30  minutes, 
the  slurry  filtered,  the  filter  cake  washed,  sufficient  60°  Be. 
sulfuric  acid  added  to  combine  with  one-half  of  the  calcium 
present,  the  solution  raised  quite  rapidly  to  about  75°  C,  and 
the  acid  required  for  complete  neutralization  added  at  a  constant 
rate  for  2  hours,  the  calcium  sulfate  filtered  off,  the  dilute  solu- 
tion concentrated  until  dicyanodiamide  crystallized  rapidly 
from  a  sample  cooled  to  approximately  70°  C,  the  solution 
then  cooled,  and  the  crystalline  product  separated  by  centrifuga- 
tion. 

The  crude  dicyanodiamide  contains  about  6  per  cent  of 
impurities,  mainly  calcium  sulfate  and  urea,  but  also  some 
melamine.  A  single  recrystallization  from  water  jields  a 
product  analyzing  better  than  97  per  cent  dicyanodiamide. 
Unfortunatelj-,  the  filtering  and  pumping  equipment  available 
for  the  larger  scale  work  were  of  a  type  quite  unsuited  for 
the  purpose  and  hence  significant  data  on  the  efficiency  of 
the  process  were  not  directly  obtainable.    The  results  indi- 
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cate,  however,  that  the  method  could  be  adapted  to  large- 
scale  operation,  and  that  the  efficiency  reached  in  the  labo- 
ratory experiments  could  also  be  attained  on  a  large  scale  with 
suitable  equipment.  The  experiments  emphasized  in  par- 
ticular tlie  necessity  of  rapidly  filtering  the  slurry  imme- 
diately after  extraction  is  completed,  and  of  treating  the 
filtrate  at  once  with  acid,  since  large  quantities  of  urea  are 
otherwise  formed.  This  effect  is  readily  explained  by  the 
known  catalytic  action  of  tlie  hydroxyl  ion  on  the  hydrolysis 
of  cyanamide. 

Although  in  the  majority  of  experiments  the  acid  was 
added  at  a  constant  rate  over  the  2-hour  period  of  polymer- 
ization, it  was  found  that  by  adding  the  acid  more  rapidly 
at  first,  keeping  pace  quite  accurately  with  the  reaction, 
about  75  per  cent  of  the  cyanamide  had  disappeared  in  the 
first  30  minutes.  The  remaining  25  per  cent  was  not  com- 
pletely converted  before  2  hours.  Yields  of  85  to  87  per 
cent  were  obtained  in  such  cases,  based  on  the  determination 
of  dicyanodiamide  in  solution  by  the  nickel-guanylurea 
method  (to  be  described  in  a  later  paper  from  this  laboratory). 
In  view  of  the  comparatively  small  increase  in  yield  by  this 
variation  in  procedure  and  the  added  difficulty  in  plant 
operation  of  following  the  course  of  reaction  closely  with 
the  addition  of  acid,  there  does  not  seem  to  be  any  marked 
advantage  in  this  refinement. 

Some  loss  of  dicyanodiamide  during  concentration  of  the 
converted  solutions  was  observed.  To  determine  the  ap- 
proxirnate  magnitude  of  this  loss,  portions  of  a  solution 
such  as  is  obtained  in  this  process  were  evaporated  at  100°, 
80°,  and  60°  C,  under  such  conditions  that  they  were  con- 
centrated to  the  same  volume  (appearance  of  crystals  at 
the  highest  temperature)  in  1.25  hours.  The  loss  of  dicyano- 
diamide at  the  three  temperatures  was  3.5,  3.2,  and  0.6  per 
cent,  respectively.  Maintaining  a  similar  solution  at  100°  C. 
for  6.5  hours  resulted  in  a  loss  of  8.2  per  cent.  The  quan- 
tity of  melamine  present  was  shown  by  qualitative  test  to 
have  increased  considerably  durmg  concentration.  These 
experiments  emphasize  the  importance  of  carrying  out  the 
evaporation  of  dicyanodiamide  solutions  as  rapidly  as  pos- 
sible and  at  temperatures  as  low  as  practicable. 

The  combined  and  concentrated  mother  liquors  from 
several  experiments  contained  the  following: 


Per  cent 

Total  nitrogen 
Cyanamide  nitrogen 
Urea  nitrogen 
Calcium 
Sulfate 

34.4 
3.6 
3.6 
1.2 
1.0 

The  solution  was  reduced  to  the  consistency  of  a  thick  sirup, 
but  all  attempts  to  induce  crystallization  failed.  One  con- 
stituent was  separated  bj'  its  insolubility  in  alcohol,  and 
identified  as  melamine  sulfate.  The  presence  of  a  consider- 
able quantity  of  cyanourea  was  also  shown.  Since  the  nitro- 
gen in  the  mother  liquors  represents  approximately  15  per 
cent  of  the  total  nitrogen  extracted,  its  recovery  as  ammonia 
by  autoclaving  would  be  advantageous,  particularly  if  the 
manufacture  of  dicyanodiamide  were  carried  out  at  a  cyan- 
amide autoclavmg  plant. 

The  equipment  is  very  important  in  this  process.  Vigor- 
ous agitation  during  extraction,  efficient  filtration  and  wash- 
ing, rather  rapid  evaporation  of  the  dicyanodiamide  solu- 
tion, and  facilities  for  quickly  handling  the  solutions  should 
be  provided.  The  use  of  unprotected  iron  should  be  avoided, 
since  cyanamide  solutions  are  corrosive. 

While  an  accurate  cost  estimate  on  the  production  of 
dicyanodiamide  cannot  be  made  on  the  basis  of  these  experi- 
ments, there  is  but  little  doubt  that  dicyanodiamide  can  be 
produced  in  quantity  at  a  cost  well  within  the  limits  of  com- 
mercial requirements. 


Solubility  of  Dicyanodiamide  in  Water,  Alcohol, 
AND  Ether 

The  solubility  of  dicyanodiamide  in  water,  alcohol,  and 
ether  was  determined,  since  there  is  very  little  information 
in  the  literature  on  this  subject.  An  excess  of  carefully 
purified  dicyanodiamide  was  mixed  with  the  solvent  in 
question  and  agitated  for  at  least  2  hours.  In  one  case  the 
agitation  was  continued  for  24  hours  as  a  check  on  the  shorter 
period.  The  results  for  the  two  periods  were  the  same. 
Samples  were  withdrawTi  through  an  alundum-tipped  tube, 
weighed,  made  up  to  definite  volume,  and  the  nitrogen  was 
determined  by  the  Kjeldahl  method. 

In  Water — The  results  of  these  determinations  are  shown 
in  the  accompanying  graph.  The  determinations  at  13° 
and  15°  C,  represented  by  the  crosses,  were  made  by  PohP' 
and  Werner.'-  respectivelj^. 


Solubility  of  Dicyanodiamide  in  V\/ater 

Grjms  of  Dicyanodiamide 
Temperature  per  100  grams  of  ivater 

0°  C I.Z7 

13.0 Z.Z6 

15.0    2.56 

25. 0 4.13  (Z  hours) 

25. 0 4.13  (24  hours) 

39.9 7.76 

49. a 1 1. BO 

60.1    ie.75 

74.5 (3Z.56) 

(33.41) 


15      20      25      30      35     40      IS      SO      SS      SO 

Temperature  -  Decrees  C^ntigrsde 
In  Alcohol  and  Ether — The  alcohol  used  in  these  de- 
terminations had  a  den.sity  of  0.7900  at  20°/-t°  C.  (99.8  per 
cent);  the  ether  had  been  dried  over  sodium  and  distilled. 
The  results  are  shown  in  Table  IV. 


E  IV — Solubility 

OF 

Dicyanodiamide 

IN  Alcohol  and  Ei 

Alcohol 

Ether 

c;r 

ims  Dicyanodi- 

Grams  Dicyanodia 

emperature              a 

mic 

e  per  100  Grams 

per  100  Grams 

°C, 

Alcohol 

Ether 

0 

0.937 

0.0006 

13.0 

1.26" 

0.01' 

25.0 

0.0015 

26.4 

1.70 

35.0 

2.26 

35.3 

0.0026 

49.9 

3.30 

60.1 

4.13 

The  determinations  in  ether  are  not  to  be  regarded  as 
strictly  accurate  but  serve  to  show  the  very  low  solubility 
of  dicyanodiamide  in  that  solvent. 
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The  Analysis  of  Chrome-Vanadium  Steel' 

By  G.  E.  F.  Lundell,  J.  I.  Hoffman,  and  H.  A.  Bright 
Bureau  of  Standards,  Washington,  D.  C. 


IX  THE  analysis  of  steel 
works  materials,  where 
time  is  usually  of  prime 
importance,  methods  which 
win  give  the  required  re- 
sults in  the  minimum  of 
time  are  chosen  for  all  deter- 
minations other  than  um- 
pire analyses    or    primary 

standardization;  hence,  the  popularity  of  volumetric  or 
very  simple  gra\ametric  methods.  Occasionally,  these  rapid 
methods  are  as  accurate  as  the  slower,  long-draT\Ti-out  gra^-i- 
metric  ones.  This  is  particularly  true  of  chrome-vanadiuiii 
steel  where  determinations  of  chromium,  vanadium,  and 
manganese  by  gravimetric  methods  are  rare  indeed  and,  un- 
less extraordinary  precautions  are  taken,  not  as  accurate  as 
by  volumetric  methods.  Sulfur  and  phosphorus  are  also  here 
generally  determined  volumetrically  except  in  special  work, 
and  the  results  so  obtained  compare  favorably  ■with  those 
obtained  by  grav-imetric  methods.  Some  analysts  prefer  to 
finish  the  direct  combustion  of  carbon  by  titration  or  con- 
ductivity methods,  but  in  general  tliis  element  as  well  as 
silicon  is  weighed.  It  is  thus  apparent  that  the  steel 
works  analyst  is  quite  well  weaned  from  the  balance.  The 
following  methods  and  observations  deal  therefore  cliiefly 
with  accurate  volumetric  procedures,  and  are  based  for  the 
most  part  on  data  obtained  during  the  standardization  of  the 
Bureau  of  Standards  standard  samples  of  alloy  steels. 

The  determinations  of  carbon,  sulfur,  and  sihcon  in  clu-ome- 
vanadium  steel  offer  no  serious  difficulties,  and  are  dismissed 
with  references  to  acceptable  methods  and  some  precautions 
wliich  have  been  found  desirable.  The  determination  of 
phosphorus  also  offers  no  trouble  after  vanadium  has  been 
reduced  to  the  quadrivalent  state,  and  hence  no  detailed 
descriptions  of  the  well-known  methods  for  phosphorus  are 
needed.  The  determinations  of  manganese,  chromium, 
and  vanadium,  on  the  other  hand,  offer  some  difficulties, 
and  these  are  discussed  at  greater  length  and  desirable  meth- 
ods which  are  not  -nidelj'  known  are  given. 

Particular  emphasis  is  placed  on  the  methods  used  in  the 
analysis  of  renewal  No.  306  of  the  bureau's  standard  sample  of 
chrome-vanadium  steel.  The  material  for  this  standard  was 
furnished  by  the  Bethlehem  Steel  Co.,  South  Bethlehem,  Pa., 
and  the  following  firms  and  analysts  took  part  in  its  analysis ; 

Bureau  of  Standards:     The  Authors,  W.  C.  Fedde,  and  C.  P.  Larrabee 
Carnegie  Steel   Company;     Duquesne   Works,   W.   D.   Brown,   Chief 

Chemist 

Carnegie  Steel  Company:     Homestead  Works,  John  L.  Harvey,  Chief 

Chemist 

Crucible  Steel  Company:     C.  M.  Johnson,  Chief  Chemist 

The   Cleveland   Twist   Drill    Company:     A.   S.   Townsend,   Assistant 

Metallurgist 

Dodge  Brothers:  Richard  B.  Hooper,    Chief   Chemist,    H.  Morrison, 

and  A.  S.  Anderson 

Illinois  Steel  Company:     South  Works,  William  Brady,  Chief  Chemist 
Ledoux  and  Company:     G.  H.  Corey  and  L.  R.  Shropshire 
Cambria  Steel  Company:     H.  A.  Hosmer,  Chief  Chemist 
Pennsylvania  System:     M.  E.  McDonnell,  Chief  Chemist 
Carpenter  Steel  Company:     E.  A.  Loos,  Chief  Chemist 
Robert  W.  Hunt  &  Company:     J.  H.  Campbell 


Particular  emphasis  is  paid  to  the  determinations  which  are 
troublesome  in  the  analysis  of  chrome-vanadium  steel — namely, 
chromium,  vanadium,  and  manganese.  The  methods  which  are 
described  and  the  observations  which  are  recorded  are  largely  the 
result  of  work  done  in  the  standardization  of  the  Bureau  of  Standards 
alloy  steel  samples  by  analysis  at  the  Bureau  of  Standards  and  in 
laboratories  that  have  cooperated  with  the  bureau. 
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In  the  analysis  of  the 
bureau's  standard  samples, 
the  cooperating  analysts 
usually  employ  their  own. 
laboratory  methods.  In 
addition  certain  constitu- 
ents are  determined  occa- 
sionally by  methods  sug- 
gested by  the  bureau.  If  a 
reported  analysis  is  not  in  close  agreement  with  the  general 
average,  the  analyst  is  requested  to  repeat  the  determination; 
the  analyses  listed  under  manganese,  cliromium,  and  vana- 
dium are  all  first  analyses  except  those  in  brackets,  which 
represent  successive  reports  bj'  the  same  analyst. 

Carbon 

The  determination  of  carbon  presents  no  special  difficulties, 
and  is  preferably  carried  out  by  direct  combustion  in  oxj-gen 
and  absorption  in  soda  asbestos,  as  v\'ith  plain  carbon  steel. ^ 

The  following  precautions  are  worthy  of  special  note: 

1 — The  sample  should  be  taken  so  that  errors  due  to  segre- 
gation are  avoided.  Neglect  of  this  precaution  is  the  chief 
source  of  error  in  careful  carbon  nms. 

2 — Blanks  should  be  run  by  heating  the  boat  and  lining  ma- 
terial in  o.xygen.  It  should  be  borne  in  mind,  however,  that 
the  "blank"  is  the  sum  of  plus  or  minus  errors  occasioned  by 
such  factors  as:  (a)  compounds  of  carbon  in  the  oxygen,  boat 
or  boat  lining;  (b)  absorption  or  loss  of  water  by  the  weighed 
reagents;  (c)  diffusion  of  oxygen  from  open  form  absorbers; 
and  (d)  hygroscopic  changes  in  the  weighed  system.  A  normal 
blank  should  not  run  much  over  0.5  mg.,  which  represents  0.005 
per  cent  of  carbon  on  a  factor  weight  (2.73  grams).  It  is  interest- 
ing to  note  that  a  good  grade  of  soda  asbestos  if  used  alone  will 
lose  water  representing  0.01  per  cent  carbon  on  a  factor  weight, 
and  that,  owing  to  the  diffusion  of  oxygen  the  open  type  of 
absorbers,  such  as  the  Midvale  or  Stetzer  and  Norton,  should 
be  weighed  at  equal  times  after  the  flow  of  gas  has  ceased. 
Tests  have  shown  that  the  loss  of  weight  approximates  0.0001 
gram  per  10  minutes  and  that  complete  diffusion  represents 
approximately  0.05  per  cent  of  carbon  on  a  factor  weight. 

3 — Oxides  of  sulfur  cause  positive  errors  approximating 
0.005  per  cent  carbon  in  combustions  of  ordinary  steels  (0.04 
per  cent  sulfur)  and  greater  errors  in  high  sulfur  material. 
Consequently,  steps  to  avoid  these  errors,  such  as  using  a  sul- 
furic-chromic  acid  purifier,  must  be  taken  where  this  source  of 
error  is  of  consequence. 

4 — The  burned  slag  should  be  examined  for  evidences  of 
incomplete  combustion  and  the  whole  combustion  operation 
checked  periodically  by  direct  combustion  of  similar  analyzed 
material,  preferably  Bureau  of  Standards  steels. 

First  analyses  for  carbon  in  Sample  306  ran  from  0.280 
to  0.301  per  cent  and  final  analyses  from  0.285  to  0.301  per 
cent.  The  maximum  variation  from  the  general  average 
(0.292  per  cent)  was  therefore  practically  ="=0.01  per  cent 
carbon.  This  represents  the  accuracy  that  can  be  expected 
in  umpire  determinations  of  carbon  in  plain  and  ordinary 
alloy  steels  running  up  to  1  per  cent  of  carbon.  In  routine 
analyses  an  accuracy  to  ^  0.02  per  cent  is  possible. 

'  For  detailed  descriptions  of  this  method  see  Proc.  Am.  Soc.  Tesling 
Materials,  22,  I,  578  (1922);  also  "Methods  of  the  Chemists  of  the  U.  S. 
Steel  Corporation  for  the  .Sampling  and  Analysis  of  Alloy  Steels,"  J.  M. 
Camp,  chairman,  Pittsburgh.  Pa.,  1921,  p.  9. 
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Manganese 

Chromium  and  vanadium  introduce  difficulties  in  the 
determination  of  manganese  in  chrome-vanadium  steel, 
as  both  undergo  valence  changes  along  with  manganese 
in  many  of  the  methods  which  are  used  for  plain  carbon  steel. 
Thus,  in  the  bismuthate-ferrous  sulfate  method,  chromium 
is  partially  oxidized  by  the  bismuthate  and  then  reduced 
by  ferrous  sulfate  when  the  reactions  are  performed  at  room 
temperature,  while  vanadium  is  reduced  by  ferrous  sulfate 
and  subsequently  incompletely  oxidized  by  permanganate 
when  determinations  are  carried  out  rapidly  in  ice-cold 
solutions,  as  in  methods  designed  to  avoid  interference  by 
chromium.  These  troubles  can  be  largely  overcome  by 
choosing  a  suitable  reducing  agent,  such  as  mercurous 
nitrate  as  in  Kelley's  electrometric  titration  method,'  or 
sodium  arsenite  as  in  the  usual  procedure.''  All  the  methods, 
however,  possess  various  drawbacks,  as,  for  example,  the 
difficult  end  points  in  procedures  employing  final  titration 
with  arsenite,'  the  uncertainties  introduced  by  the  precipitate 
and  by  the  taking  of  an  aliquot  in  the  zinc  oxide  precipitation 
method,  the  special  apparatus  needed  in  the  electrometric 
procedure,  and  the  time  consumed  and  the  unpleasant  fumes 
in  the  Ford  method.  The  results  obtained  by  the  electro- 
metric and  by  the  Ford  methods  leave  nothing  to  be  desired. 
The  following  method  is  tlescribed  because  (1)  it  is  very  ac- 
curate, (2)  it  is  reasonably  rapid,  (3)  it  does  not  possess 
disagreeable  features,  (4)  it  embodies  a  preliminary  sep- 
aration which  is  useful  in  the  determination  of  other  con- 
stituents of  alloy  steels,  and  (5)  because  it  has  not  been  widely 
published. 

In  this  method  chromium  and  vanadium  are  precipitated 
and  separated  from  manganese  and  the  most  of  the  iron  at 
the  start.  Tliis  is  accomplished  by  dissolving  the  steel  in 
dilute  sulfuric  acid,  carefully  adding  sodium  bicarbonate 
solution  and  then  filtering.  It  is  to  be  remembered  that  all 
but  traces  of  the  iron  is  in  the  bivalent  state  at  the  time  of 
the  bicarbonate  addition,  and  that  the  latter  is  never  added 
in  sufficient  amount  to  provide  free  carljonate  in  the  solution. 
Similar  results  are  achieved  through  the  use  of  ammonia, 
as  advocated  by  Johnson.'^  Precipitation  by  sodium  bi- 
carbonate or  ammonia  (presumably  sodium  carbonate  or 
ammonium  carbonate  would  do  as  well)  has  the  advantage 
of  introducing  no  troublesome  reagent  such  as  caSmium  in 
Cain's  method.'  It  is  superior  to  precipitation  by  an  emul- 
sion of  zinc  oxide  as  in  Volhard's  method,*  in  that  the  method 
is  more  rapid  and  the  quantitative  separation  of  manganese 
can  be  made  absolutely  certain  by  a  simple  treatment  of 
the  precipitate.  In  contrast,  uncertainties  are  introduced 
in  Volhard's  method  by  the  volume  displacement  of  the 
bulky  precipitate,  possible  retention  of  manganese,  and  the 
sometimes  doubtful  capacities  of  the  volumetric  apparatus. 

3  Kelley,  Spencer.  Illingsworth.  and  Gray,  This  Journal,  10,  19  (191S). 

<  •■Methods  of  the  Chemists  of  the  U.  S.  Steel  Corporation."  1921, 
p.  25;  Proc.  Am.  Soc.  Testing  Materials,  22,  I,  588  (1922). 

6  A  word  of  caution  in  regard  to  the  persulfate-arsenite  method  is 
here  needed  in  that  some  texts  call  for  standardization  of  the  arsenite  solu- 
tion by  titration  against  measured  and  acidified  portions  of  a  standard 
permanganate  solution.  This  method  gives  titers  which  are  too  high.  The 
correct  procedure  lies  in  first  reducing,  with  sulfurous  acid,  the  measured 
portion  of  the  standard  permanganate  solution,  and  then  oxidizing  and 
titrating  under  the  conditions  that  obtain  in  the  method.  As  an  illustration, 
the  manganese  titer  of  an  arsenite  solution  was  indicated  as  0.000872  by 
the  first  method  and  as  0.000817  by  the  correct  procedure.  With  another 
solution  the  titers  obtained  were  0.000230  and  0  000219,  respectively.  In 
the  bismuthate-arsenite  method  the  arsenite  solution  can  be  standardized 
directly  against  a  standard  permanganate  solution. 

8  Chem.  Met.  Eng.,  20,  523  (1919);  "Chemical  Analysis  of  Special  Steels, 
etc.,"  3rd  ed.,  p.  362,  John  Wiley  &  Sons,  Inc. 

t  Reprint  161  from  Bur.  Standards.  Bull.  I,  No.  3;  This  Jouhnal, 
3,  476  (1911);  Blair.  "Chemical  Analysis  of  Iron  and  Steel,"  8th  ed.,  p.  199, 
Lippincott  &  Co. 

«  Ann.  Chem.  Pharm.,  198,  318  (1879). 


It  is  interesting  to  record  that,  in  addition  to  vanadium 
and  chromium,  the  bicarbonate  precipitate  also  quanti- 
tatively holds  such  other  constituents  of  alloy  steel  as  alumin- 
ium, titanium,  zirconium,  cerium,  and  uranium,  and  that 
the  precipitation  separates  these  from  the  most  of  the  iron. 
The  bicarbonate  or  ammonium  precipitation  of  these  ele- 
ments, therefore,  cjuite  satisfactorily  serves  as  a  rapid  sub- 
stitute for  an  ether  separation.  It  is  also  a  valuable  aid 
in  the  detection  or  determination  of  traces  of  these  elements 
in  steel  in  that  large  amounts  of  steel  can  be  taken ;  further- 
more, it  is  superior  to  an  ether  separation  where  vanadium 
is  involved,  as  there  is  no  question  as  to  the  complete  sep- 
aration of  vanadium. 

Bicarbonate  Precipitation  Method' — The  success  of 
the  bicarbonate  precipitation  method  depends  on  the  addition 
of  the  proper  amount  of  bicarbonate  and  the  rapid  filtration 
of  the  solution.  The  former  can  be  easily  controlled  by  atten- 
tion to  the  preparation  of  the  sulfuric  acid  solution  and  care- 
ful measuring  of  the  acid.  (10  cc.  of  10  per  cent,  by  volume, 
sulfuric  acid  is  used  up  by  1  gram  of  pure  iron,  and  a  like 
volume  requires  37.5  cc.  of  the  8  per  cent  bicarbonate  solu- 
tion.) Rapid  filtration  depends,  of  course,  on  the  use  of  a 
good  funnel  and  a  rapid  filter  paper.  Much  quicker  filtration 
is  obtained  if  the  precipitate  is  allowed  to  settle  before 
filtration  is  attempted.  In  the  determination  of  manganese, 
where  1  gram  of  sample  is  ample,  the  precipitate  settles 
rapidly  and  no  serious  oxidation  and  hydrolysis  of  iron  occurs 
in  the  covered  flask  during  this  short  settling  period;  in  bi- 
carbonate precipitations  designed  to  separate  traces  of 
elements  like  chromium  and  vanadium  (in  which  10  to  20 
grams  of  sample  and  correspondingly  larger  amounts  of 
acid  are  used),  the  precipitate  settles  less  rapidly,  and  it  is 
advisable  to  maintain  a  nonoxidizing  atmosphere  to  prevent 
undue  precipitation  of  iron  during  the  settling  period.  Car- 
bon dioxide  is  convenient  for  this  purpose,  and  it  is  only  neces- 
sary to  maintain  a  stream  of  the  gas  over  the  solution  sufficient 
to  prevent  back  pressure. 

Procedure — Treat  1  gram  of  the  sample  in  a  200-cc.  covered 
Krlenmeyer  flask,  with  exactly  20  cc.  of  dilute  sulfuric  acid 
(exactly  10  per  cent  by  volume).  When  action  is  complete, 
dilute  to  100  cc.  with  boiUng  water.  Add  sodium  bicarbonate 
solution  (80  grams  per  Hter)  from  a  buret  and  with  gentle  agita- 
tion until  a  permanent  precipitate  is  formed  (approximately 
36  cc.)  and  then  4  cc.  more.  Again  cover  the  flask,  boil  1  minute, 
allow  the  precipitate  to  settle,  and  filter  through  a  rapid  filter, 
finally  washing  four  or  five  times  with  boiling  water.  The 
filtrate  contains  all  but  traces  of  the  manganese  and  will  become 
cloudy  in  the  funnel  stem  and  receiving  vessel,  owing  to  oxida- 
tion and  hydrolysis  of  the  iron.  This  is  to  be  expected.  If 
the  precipitation  and  filtration  have  been  properly  performed, 
there  will  be  no  more  precipitate  than  can  be  conveniently 
handled  on  a  9-cm.  paper.  The  manganese  retained  by  the 
precipitate  usually  represents  no  more  than  0.005  per  cent. 
In  umpire  analyses  or  standardization  this  can  easily  be  separated 
from  chromium  and  vanadium  and  recovered  as  follows:  Trans- 
fer the  precipitate  to  a  beaker,  dissolve  it  in  aqua  regia,  evaporate 
with  siilfuric  acid  until  fumes  escape,  cool,  dilute,  add  sodium 
peroxide  in  excess,  boil,  filter,  and  wash  the  precipitate  with  hot 
water.  Dissolve  the  precipitate  of  iron  and  manganese  in  warm, 
dilute  1 : 1  nitric  acid,  with  the  aid  of  a  few  drops  of  sulfurous 
acid  if  necessary,  and  add  the  solution  to  the  original  filtrate. 

Remove  the  paper  and  precipitate  from  the  funnel,  and  dis- 
solve any  coating  in  the  funnel  and  stem  in  25  cc.  of  warm,  dilute 
1 : 1  nitric  acid,  catching  the  solution  in  a  small  beaker.  Heat 
the  original  filtrate  to  boiling  and  cautiously  oxidize  the  iron 
with  the  25-cc.  portion  of  nitric  acid  used  above.  Evaporate 
the  solution  to  about  25  cc,  cool  to  15°  C,  and  add  1  to  2  grams 
of  sodium  bismuthate.  Agitate  thoroughly  for  half  a  minute, 
let  stand  for  1  to  2  minutes,  add  50  cc.  of  3  per  cent  nitric  acid, 
and  filter  through  asbestos.     Wash  with  3  per  cent  nitric  acid 

•  This  method  originated  with  L.  F.  Witmer  at  the  Bureau  of  .Standards, 
and  has  recently  appeared  in  Proc.  .Am.  Soc.  Testing  Materials.  22,  I,  606 
(1922).  Sodium  carbonate -is  used  as  the  precipitant  in  a  modification  of 
this  method,  described  in  the  "Methods  of  the  Chemists  of  the  U.  S.  Steel 
Corporation,"  1921,  p.  23. 


1066 


IXDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  10 


until  the  washings  run  through  colorless.  Add  3  cc.  of  sirupy 
phosphoric  acid,  and  titrate  as  usual  with  approximately  0.03  N 
ferrous  sulfate  and  0.03  A^  potassium  permanganate  which  has 
been  standardized  against  sodium  oxalate. 

The  simplicity  and  accuracy  of  this  procedure  is  demon- 
strated by  the  results  obtained  by  a  bureau  analyst  in  his 
first  four  analyses  by  it.  For  Sample  306  (0.499  per  cent 
manganese)  he  obtained  0.491  and  0.492  without  recovery 
of  any  manganese  in  the  bicarbonate  precipitate.  In  Sample 
30o  the  values  0.815  and  0.S16  were  found.  In  the  last 
run  the  bicarbonate  precipitate  was  analyzed  and  0.005  per 
cent  of  manganese  was  recovered,  which  gave  a  total  of  0.S21 
as  against  the  value  0.S22  obtained  by  one  of  the  writers 
in  the  standardization  of  this  steel. 

The  foUo-n-ing  results  reported  for  renewal  No.  306  (average 
value  0.499  per  cent  manganese)  indicate  the  performance 
of  different  methods  for  manganese — bismuthate  method 
(FeSOj-KMnOi  titration)  after  removal  of  chromium  and 
vanadium  as  described  above:  0.500,  0.504,  0..501,  0.505, 
0.50,  0.496,  0.51,  0.496,  0.494  (0.483,  0.469,  0.501);  bis- 
muthate-arsenite  method:  0.502,  0.4SS;  persulfate-arsenite 
method:  0.51,  0.49,  0.494,  0..50;  Ford-Wilhams  method: 
0.511,  0.496;  KeUey's  electrometric  titration  method:  0.505; 
Johnson's  PbOs-arsenite  method:  0.492.  In  careful  analyses 
of  steels  containing  not  more  than  2  per  cent  of  manganese, 
an  accuracy  to  ±0.01  manganese  can  be  easily  obtained; 
in  routine  analj'ses  an  accuracy  to  =^0.03  per  cent  is  not 
difficult. 

Phosphorus 

The  determination  of  phosphorus  in  chrome-vanadium 
steel  is  complicated  by  vanadium,  which,  when  in  the  quin- 
quivalent state,  seriously  retards  the  complete  precipitation 
of  the  phosphomolybdate  and  contaminates  the  precipitate 
which  is  formed.  Fortunatelj-,  the  remedy  is  simple,  as 
vanadium  can  be  easily  reduced  to  the  quadrivalent  con- 
dition in  wliich  it  retards  the  precipitation  of  phosphorus 
much  less  and  does  not  contaminate  the  precipitate  if  the 
precipitation  is  carried  out  at  15°  to  25°  C"  After  these 
simple  modifications  the  analysis  is  finished  as  in  plain  carbon 
steel;  final  weighing  as  magnesium  pjTophosphate  is  the 
only  suitable  method  for  standardization  purposes  and  the 
alkaUmetrie  method  meets  all  requirements  as  a  routine 
method. ' '    The  following  precautions  are  emphasized : 

1 — After  the  solution  of  the  steel  has  been  prepared  as  in 
plain  carbon  steel  methods,  it  must  be  cooled  to  15°  to  25°  C. 
and  the  vanadium  reduced  by  the  addition  of  a  solution  of  ferrous 
sulfate  and  a  few  drops  of  sulfurous  acid. 

2 — The  precipitation  of  the  phosphomolybdate  must  take 
place  at  15°  to  25°  C,  and  at  least  30  minutes  must  be  allowed 
for  complete  precipitation. 

3 — In  gravimetric  determinations  as  magnesium  pvTophos- 
phate,  it  is  desirable  to  use  double  the  amount  of  molybdate 
reagent  usually  employed  and  to  precipitate  for  a  longer  period, 
usually  overnight.  When  the  phosphomolybdate  is  dissolved 
in  ammonia,  small  amounts  of  insoluble  ferric  phosphate  may 
be  left  on  the  filter;  therefore  the  paper  should  be  finally  washed 
with  a  little  warm,  dilute  hydrochloric  acid.  Arsenic  must 
be  eliminated  before  the  final  precipitation  with  magnesia  mix- 
ture'- and  ammonium  citrate  must  be  present  during  this  pre- 
cipitation, in  order  to  prevent  contamination  of  the  precipitate 
by  iron,  chromium,  or  vanadium. 

4 — In  volumetric  determinations  by  the  alkalimetric  method, 
it  is  desirable  to  standardize  the  alkali  solution  against  chrome- 
vanadium  steel  of  known  phosphorus  content.     The  use  of  a 

'"  Cain  and  Tucker,  Bur.  Standards.,  Tech.  Paper  2i;  This  Journai„S, 
647  (1913). 

11  For  detailed  descriptions  of  these  methods  consult  the  references 
given  under  carbon,  and  also  Lundell  and  Hoffman,  This  Jouruai,  15,  44 
(1923). 

1*  Steels  which  contain  as  much  arsenic  as  phosphorus  are  not  un- 
common; some  low. phosphorus  steels  contain  several  times  as  much  arsenic 
as  phosphorus. 


phosphorus  titer  based  on  standardization  by  means  of  the 
bureau's  standard  benzoic  acid  and  the  use  of  a  23  :  1  ratio 
gave  excellent  results  with  Sample  306. 

The  following  results  reported  for  renewal  No.  306  (average 
0.024  per  cent  phosphorus)  indicate  the  performance  of  the 
different  methods  for  phosphorus — alkah  molybdate  method 
with  preliminary  reduction  of  vanadium:  0.024,  0.024 
(0.022,  0.024),  6.023  (0.021,  0.024),  (0.022,  0.026),  0.026 
(0.021,  0.023);  gra\imetric  method  (weighed  as  magnesium 
pjTophosphate  after  eUmination  of  arsenic):  0.024,  0.024, 
0.026.  In  umpire  analyses  of  steels  containing  not  more 
than  0.15  per  cent  of  phosphorus  an  accuracj'  to  ±0.002  per 
cent  should  be  obtained  by  weighing  as  magnesium  pjTO- 
phosphate,  and  ±0.003  per  cent  bj'  volumetric  or  other  gravi- 
metric methods.  In  routine  analyses  an  accuracy  to  ±0.005 
per  cent  is  easily  achieved. 

Sulfur 

The  accurate  determination  of  sulfur  in  chrome-vanadium 
steel  must  be  made  gra^^metrically,  as  with  plain  carbon 
steel,  by  precipitation  as  barium  sulfate  after  solution  of 
the  steel  in  nitric  acid  (specific  gravity,  1.42),  repeated  evap- 
oration ■nith  hydrochloric  acid,  and  reduction  of  the  iron  to 
the  bivalent  state.  Very  satisfactory  rapid  determinations 
of  sulfur  are  possible  by  the  evolution  method.''  The  follow- 
ing notes  are  worthy  of  mention: 

1 — The  precipitation  of  barium  sulfate  should  be  carried  out 
in  solutions  containing  not  more  than  1  to  2  per  cent  by  volume 
of  hydrochloric  acid,  and  having  the  iron  preferably  in  the  ferrous 
condition.  Higher  acidity  or  the  presence  of  ferric  iron  causes 
low  results;  errors  due  to  the  latter  usually  correspond  to  0.001 
to  0.002  per  cent  of  sulfur. 

2 — The  washing  of  barium  sulfate  precipitates  obtained  in 
steel  analyses  causes  losses  of  the  order  of  0.001  to  0.003  per 
cent  of  sulfur.  These  can  be  eliminated  by  working  over  the 
washings. 

3 — lleineke's  method"  gave  excellent  results  in  the  analysis 
of  Sample  30a.  The  method  now  used  differs  somewhat  from 
that  described  in  the  original  article.  It  consists  in  dissolving 
the  steel  in  copper-potassium  chloride  solution,  filtering  to  sep- 
arate the  carbonaceous  matter  which  contains  the  sulfur,  de- 
stroying the  carbon  and  oxidizing  the  sulfur  by  treatment  w-ith 
concentrated  nitric  acid  saturated  with  bromine,  eliminating 
the  nitric  acid  by  the  addition  of  a  little  sodium  carbonate 
followed  by  evaporations  with  hydrochloric  acid,  and  finally 
precipitating  with  barium  chloride  in  a  solution  containing 
1  per  cent  by  volume  of  hydrochloric  acid. 

4 — Results  by  the  evolution  method  with  attack  by  dilute 
hydrochloric  acid  (1:1)  and  the  use  of  an  empirical  titer  ob- 
tained by  titration  of  similar  standard  steel  were  excellent. 
The  use  of  the  theoretical  sulfur  titer  of  the  iodine  or  iodate 
solution  obtained  from  the  Bureau  of  Standards  standard  sodium 
oxalate  through  permanganate  and  thiosulfate  solutions,  gave 
slightly  low  values  on  Sample  30&  in  the  hands  of  the  cooperating 
analysts  (0.029  instead  of  0.032  per  cent  sulfur).  The  bureau 
chemists,  on  the  other  hand,  obtained  excellent  results  (0.031 
per  cent  as  compared  with  the  gra\-imetric  value  0.032  per  cent 
sulfur). 

First  analyses  for  sulfur  in  No.  306  (average  value  0.032 
per  cent  sulfur)  varied  from  0.029  to  0.033  in  gravimetric 
analyses  and  from  0.027  to  0.033  in  analyses  by  the  evolution 
method.  The  final  analyses  varied  from  0.030  to  0.033 
and  from  0.027  to  0.032,  respectively.  For  steels  containing 
no  more  than  0.15  per  cent  sulfur,  umpire  analyses  by  the 
gra\imetric  method  should  not  be  in  error  by  more  than 
±0.002  per  cent.  In  routine  analyses  an  accuracy  to  ±0.005 
per  cent  is  easily  obtained. 

Silicon 

The  determination  of  sUicon  in  chrome-vanadium  steel 
is  no  more  difficult  than  in  plain  carbon  steel."  The  follow- 
ing notes  are  worthy  of  mention : 

"  See  references  cited  under  carbon. 
»  Z.  angcj.:  Chem.,  1,  376  (1888). 
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1 — With  this  material  the  Swedish  method" — solution  in 
sulfuric  acid,  evaporation  until  copious  fumes  appear,  solution 
of  soluble  salts  in  water,  and  filtration — gave  accurate  results 
and  less  trouble  than  other  methods. 

2 — In  any  method  the  period  of  digestion  with  acid  following 
dehydration  of  the  silica  and  preliminary  to  filtration  should 
be  as  short  as  possible  lest  silica  be  dissolved. 

3 — Treatment  of  the  ignited  and  weighed  silica  with  sulfuric 
and  hydrofluoric  acids  is  absolutely  necessary  in  careful  analyses. 

First  analyses  for  silicon  in  No.  306  (average  value  0.212 
per  cent  silicon)  varied  from  0.194  to  0.22  and  the  final 
analyses  from  0.204  to  0.22.  For  steels  containing  less  than 
0.1  per  cent  silicon,  umpire  analyses  should  be  accurate  to 
=t 0.005  per  cent;  for  steels  containing  from  0.1  to  0.3  per  cent 
of  silicon,  an  accuracy  to  ±0.01  per  cent  is  easily  attained. 
In  routine  analyses  an  accuracy  to  ±0.01  per  cent  and  ±0.02 
per  cent,  respectively,  should  be  obtained. 

Chromium 

Practically  all  methods  for  the  determination  of  chromium 
in  chrome-vanadium  steel  depend  upon  the  oxidation  of 
chromium  to  chromate  and  subsequent  measured  reduction." 
Various  oxidants  are  recommended,  such  as  persulfate," 
permanganate,'*  chlorate,"  lead  dioxide,™  and  fusion  of 
the  ammonia  precipitate  with  sodium  peroxide,'^'  or  carbon- 
ate and  niter^-  after  a  preliminary  separation  of  most  of 
the  iron. 

Ferrous  sulfate  is  universally  used  as  the  reducing  medium, 
and  it  is  generally  added  in  a  measured  excess  which  is  de- 
termined by  final  titration  with  permanganate;  in  this  way 
vanadium  and  chromium  are  at  first  both  reduced,  but  vana- 
dium and  the  excess  of  ferrous  sulfate  are  alone  afterwards 
oxidized  by  the  permanganate.  The  electrometric  method 
is  an  exception.  Here  the  back  titration  is  with  dichromate 
and  finally  ferrous  sulfate,  and  therefore  chromium  must 
be  obtained  by  subtracting  vanadium  as  determined  sep- 
arately. 

In  all  methods  except  the  electrometric  the  end  point 
causes  the  most  concern;  this  is  due  chiefly  to  the  color  of 
the  reduced  chromium  salt  (also  iron  in  the  absence  of  phos- 
phoric acid)  and  to  the  slowTiess  with  which  the  reduced 
vanadium  is  oxidized  in  the  cool  solution  which  is  used. 
Other  troubles  are  occasioned  by  the  presence  of  difficultly 
soluble  chromium  carbides,  by  the  ciuestion  of  complete 
oxidation  of  the  chromium,  and  by  the  necessity  of  com- 
pletely destroying  all  oxidants,  such  as  permanganic  acid, 
chlorine,  and  excess  persulfate,  before  the  titration.-^  In 
spite  of  these  limitations  most  excellent  determinations  are 
possible.  The  following  method  is  given  because  (1)  it  is 
rapid  and  has  proved  accurate  in  the  analysis  of  such  steels 
as  have  been  tested,  (2)  it  permits  of  subsequent  easy  de- 
termination of  vanadium  in  the  titrated  solution,  and  (3) 
the  circulation  of  the  publications  in  which  it  appears^*  is 
limited. 

IS  Proc.  Am.  Soc.  Tesling  Malenals,  22,  I,  597  (1922). 

"  An  exception  to  this  procedure  is  that  employed  in  an  unpublished 
method  developed  by  L.  F.  W^itmer  at  this  bureau;  in  this  method  chromium 
is  reduced  to  the  divalent  state  in  a  Jones  reductor  and  afterwards  oxidized 
to  the  trivalent  condition  by  standard  permanganate. 

"  "Methods  of  Chemists  of  U.  S.  Steel  Corporation,"  1921,  p.  43; 
Johnson,  loc.  cit.,  p.  28;  Kelley  and  Conant.  This  Journai.,  8,  719  (1916); 
Proc.  Am.  Soc.  Tesling  Materials,  22,  I,  609  (J922). 

"  Johnson, (oc.ci/..  pp.  5,  21;  Blair, (oc.  cil..p.  187,  Ibbotson, "The Chem- 
ical Analyses  of  Steel  Works  Materials."  p.  110,  Longmans,  Green  &  Co. 
"Methods  of  Chemists  ot  U.  S.  Steel  Corporation."  1921,  p.  46. 

"  Am.  Soc.  Testing  Materials,  Standards,  1921,  pp.  281,  294. 

20  Blair,  loc.  ctt.,  p.  188. 

"  Blair,  loc  cil.,  p.  184. 

'2  Am.  Soc.  Testing  Materials,  Standards,  1921,  pp.  271,  279.  292. 

23  Kelley  and  Conant,  loc.  cil.,  admirably  sum  up  the  pitfalls  in  this 
process. 

"  "Methods  of  the  Chemists  of  the  U.  S.  Steel  Corporation,"  1921, 
p.  43;  Proc.  Am.  Soc.  Testing  Materials,  22,  I,  609  (1922). 


Persulfate  Oxidation  Method — Transfer  2.000  grams  of 
the  sample  to  a  600-cc.  beaker  and  add  60  cc.  of  sulfuric-phos- 
phoric  acid  mixture  \HSOi  (1  :  1)  320  cc,  HsPO,  (sirupy) 
80  cc,  HsO  600  cc.  ].  Heat  until  all  action  ceases,  add  10  cc.  of 
nitric  acid  (specific  gravity,  1.20),  and  boil  until  all  carbides 
are  dissolved  and  oxides  of  nitrogen  are  expelled.  Add  silver 
nitrate  solution  (2.5  per  cent)  in  amount  equal  to  0.3  gram  of 
salt  for  each  1.5  per  cent  of  chromium  present.  Dilute  to  300  cc. 
with  boiling  water,  heat  nearly  to  boiling,  and  add  8  cc.  of  am- 
monium persulfate  solution  (15  per  cent).  (The  purity  of  the 
persulfate  should  be  determined  as  some  reagents  do  not  contain 
25  per  cent  of  the  reagent  as  against  95  per  cent,  which  is  the 
proper  strength.)  If  the  permanganate  color  does  not  develop, 
add  more  persulfate.  When  the  color  has  developed,  boil  the 
solution  for  1  to  2  minutes  and  then  add  5  cc.  of  sodium  chloride 
solution  (5  per  cent).  Continue  the  boiling  until  the  pink  color 
has  just  disappeared  and  then  boil  for  5  minutes  longer.  If 
the  permanganate  color  is  not  destroyed  by  10  minutes'  boiling, 
or  if  a  precipitate  of  manganese  oxide  separates,  add  1  to  5  cc. 
of  dilute  1  : 3  hydrochloric  acid,  and  continue  the  boiling  of 
the  solution  as  above.  The  total  period  of  boiling  after  the 
addition  of  persulfate  should  not  be  less  than  15  minutes;  30 
minutes  will  do  no  harm. 

Cool  the  solution,  dilute  to  approximately  400  cc,  and  titrate 
for  chromium  as  follows:  Add  a  measured  excess  of  standard 
ferrous  sulfate  solution  (50  cc.  for  less  than  1.5  per  cent  of  chro- 
mium, 100  cc.  for  1.5  to  3  per  cent  chromium,  etc.)  and  then 
titrate  with  an  approximately  0.03  N  standard  potassium  per- 
manganate solution  until  an  end  point  is  obtained  which  is 
permanent  upon  continued  stirring  for  1  minute.  The  titration 
must  be  corrected  for  dilution  effect  and  color  interference. 
In  colored  solutions  the  correction  can  be  made  (1)  empirically 
as  in  the  U.  S.  Steel  Corporation  methods.-'  (2)  by  titration  of 
the  same  volume  of  ferrous  sulfate  in  a  solution  of  like  volume  and 
acidity  and  containing  the  same  amount  of  the  coloring  elements 
in  their  final  valency,  or  (3)  in  the  final  titrated  solution.  The 
last  is  the  most  convenient  and  satisfactory  in  occasional  analy- 
ses, and  may  be  performed  by  destroying  the  slight  excess  of 
permanganate  which  is  present  by  boiling  for  10  minutes,  cool- 
ing to  room  temperature,  and  then  titrating  with  the  perman- 
ganate solution  to  the  same  end  point  that  was  taken  before. 
The  volume  of  permanganate  here  required — about  0.2  cc. 
0.03  N  solution  for  a  1  per  cent  chrome-vanadium  steel  such  as 
306 — is  to  be  subtracted  from  the  result  of  the  first  titration. 
The  difference  is  then  a  true  oxidizing  equivalent  of  the  excess 
of  ferrous  sulfate  employed,  and  the  percentage  of  chromium 
may  be  calculated  in  the  usual  manner  from  a  standardization 
based  on  sodium  oxalate.  The  final  solution  should  be  pre- 
served for  the  determination  of  vanadium  as  below.  Tungsten, 
nickel,  cobalt,  molybdenum,  arsenic,  and  uranium  do  not  inter- 
fere in  the  foregoing  method.  With  tungsten  steel  the  titration 
is  peculiar  in  that  the  .solution  is  dark  at  first,  owing  to  some 
tungsten-quadrivalent  vanadium  compound,  and  then  clears 
considerably  as  the  end  point  is  approached. 

That  the  method  is  accurate  and  not  troublesome  is  in- 
dicated by  the  following  analyses  by  a  bureau  analyst  who 
had  never  used  the  method  before;  Sample  30^,  1.02  and 
1 .02  per  cent  chromium  as  compared  with  the  recommended 
value  1.03;  Sample  30a,  1.02  and  1.02  per  cent  chromium 
as  compared  with  the  recommended  value  1.02;  Sample 
50  (tungsten  17.56  per  cent,  chromium  3.61  per  cent,  vana- 
dium 0.756  per  cent),  3.56  and  3.69  as  compared  with  3.61 
per  cent.  With  Sample  50  it  was  found  advisable  to  use 
only  0.5  gram  of  sample  on  account  of  the  peculiar  end 
point. 

The  following  results  reported  for  renewal  No.  306  (average 
value  1.03  per  cent  chromium)  indicate  the  performance 
of  the  different  modifications  of  the  oxidation  procedure: 
permanganate  oxidation  (a)  Johnson's  method,  1.01,  {b) 
Barba's  method,''^  1.05;  bismuthate  oxidation,  1.01;  chlorate 
oxidation,  1.02,  1.00;  fusion  with  peroxide,  1.03;^'  persulfate 
oxidation  methods  (a)  unclassified,  1.00,  1.04,  1.02,  (6)  with 

»  "Methods  of  Chemists  of  U.  S.  Steel   Corporation,"    1921,    p.  44. 

"  Blair,  toe.  cil.,  p.  187. 

"  At  this  bureau  it  has  been  found  practically  impossible  to  get  chro- 
mium completely  oxidized  to  chromate  by  fusion,  water  extraction,  and 
filtration  through  asbestos;  consequently  the  water  extract  is  always  acidi- 
fied with  sulfuric  acid,  treated  with  nitric  acid,  and  oxidized  with  silver 
nitrate  and  persulfate  before  the  final  titration. 


1068 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  10 


final  electrometrlc  titration,  1.01,  1.02,  (c)  by  the  method 
described  above,  1.03, 1.04,  1.02,  1.03  (1.00,  1.01),  1.01,  1.02, 
1.04,  1.05,  1.02. 

In  careful  determinations  of  chromium  an  accuracy  to 
±0.01  per  cent  should  be  obtained  with  steels  containing 
not  more  than  1  per  cent  of  chromium,  ±0.03  per  cent  for 
steels  containing  5  per  cent,  and  ±0.10  for  steels  containing 
20  per  cent.  In  the  same  steels  the  accuracy  obtained  in 
routine  determinations  should  approach  ±0.02,  ±0.06,  and 
±0.15  per  cent,  respectively. 

Vanadium 

Aside  from  the  colorimetric  method,'*  which  is  chiefly 
used  under  favorable  conditions  for  works  control,  the 
principally  used  methods  for  the  determination  of  vanadium 
are  volumetric  and  are  based  on  its  change  from  the  quadri- 
valent to  the  quinquivalent  condition,  or  vice  versa.  The 
reduction  of  vanadium  is  easily  performed  in  solutions  at 
room  temperature;  its  oxidation,  on  the  other  hand,  does 
not  proceed  as  easUy  and  is  best  performed  at  60°  to  80°  C. 
With  acid  solutions  containing  vanadium  alone  the  fore- 
going methods  are  quite  exact,  as  there  is  no  color  inter- 
ference and  the  solution  can  be  heated  if  desired.  Un- 
fortunately, unless  previous  separations  are  performed,  the 
solutions  which  are  encountered  in  steel  analysis  contain 
salts  of  iron  and  often  salts  of  such  elements  as  chromium 
and  nickel,  which  either  obscure  the  end  point  or  will  not 
permit  heating  of  the  solution.  These  drawbacks  are  not 
fatal  in  routine  analyses;  they  are,  however,  troublesome 
in  accurate  analyses,  especially  where  the  amount  of  vana- 
dium is  low  and  sometimes  corresponds  to  less  of  the  standard 
solution  than  the  blank  correction. 

Chief  among  the  methods  depending  on  measured  re- 
duction are  Johnson's^'  and  Kelley's.^"  The  former  is 
widely  employed  and  depends  on  the  reduction  of  vanadium 
by  means  of  a  standard  solution  of  ferrous  sulfate  and  the 
use  of  ferricyanide  as  an  internal  indicator.  The  chief 
difficulty  with  this  method  lies  in  judging  the  end  point, 
which  is  complicated  by  the  normal  color  of  the  solution  and 
by  a  shght  interaction  between  the  reduced  vanadium  and 
ferricyanide  which  yields  ferrocyanide  and  a  consequent 
blue  color.  Aside  from  this,  in  the  case  of  renewal  No.  306, 
an  additional  difficulty"  is  introduced  by  the  abnormal 
amount  of  copper  (0.13  per  cent)  which  reacts  with  the 
indicator.  Kelley's  method  is  an  electrometrlc  titration 
method  in  which  the  vanadium  is  oxidized  by  nitric  acid 
and  then  reduced  by  ferrous  sulfate  with  back  titration 
with  dicliromate  and  ferrous  sulfate.  As  the  oxidation  of 
vanadium  by  nitric  acid  is  not  quite  complete,  a  correction 
factor  is  employed.^'  The  method  yields  excellent  results 
and  is  free  from  color  interference;  its  chief  drawback  lies 
in  the  apparatus  required. 

Campagne's  method^^  is  perhaps  the  most  widely  known 
of  the  measured  oxidation  type.  Here  an  ether  separation 
removes  most  of  the  iron  and  evaporations  with  hydrochloric 
acid  serve  to  reduce  the  vanadium,  which  is  then  titrated 

"  "Methods  of  the  Chemists  of  the  U.  S.  Steel  Corporation,"  1921,  p. 
SO. 

»  "Chemical  Analysis  of  Special  Steels,  etc.,"  3d  ed.,  p.  6,  J.  Wiley  & 
Sons,  Inc. 

"  This  Journal,  11,  632  (1919). 

*^  Private  communication  from  C.  M.  Johnson. 

*'  Willard  and  Fenwick  in  a  recently  published  method  [J.  Am.  Chem. 
Soc.,  46,  84  (1923)1  use  a  polarized  bimetallic  electrode  system  instead  of 
the  usual  monometallic  combination  [J.  Am.  Chem.  Soc,  44,  2516  (1922)1, 
and  titrate  vanadic  acid  directly  with  ferrous  sulfate  because  of  the  more 
sensitive  end  point.  Complete  oxidation  to  vanadic  acid  is  obtained  by 
preliminary  boiling  with  nitric  acid  followed  by  treatment  with  a  slight 
excess  of  potassium  permanganate,  and  any  cbromate  formed  is  destroyed 
by  boiling  with  sodium  perborate  in  acetic  acid  solution. 

"  Compt.  rend.,  137,  570  (1903). 


with  permanganate  after  evaporation  with  sulfuric  acid 
to  remove  hydrochloric  acid.  In  this  method  positive 
errors  may  be  occasioned  by  iron  reduced  during  the  ether 
extraction,  by  organic  matter  from  the  ether,  by  uncorrected 
end  points,  and  by  titration  in  a  hot  solution  in  the  presence 
of  chromium.  Negative  errors  are  occasioned  by  the  slight 
solubility  of  vanadium  in  ether,  by  incomplete  reduction 
with  hydrochloric  acid,  and  by  slight  oxidation  due  to  pro- 
longed heating  with  sulfuric  acid.  The  method  of  the 
chemists  of  the  U.  S.  Steel  Corporation^^  is  less  widely  known, 
and  is  given  below  because  it  has  not  been  described  in  the 
journals  and  in  the  writers'  hands  has  proved  to  be  rapid  and 
as  accurate  as  any  of  those  described  above,  except  Kelley's. 
The  method  is  based  on  the  behavior  of  ammonium  per- 
sulfate  in  a  cold  acid  solution  containing  no  silver  nitrate. 
Under  these  conditions  it  oxidizes  ferrous  sulfate  but  does 
not  react  with  quadrivalent  vanadium,  permanganate,  bi- 
valent manganese,  or  trivalent  chromium.  Therefore,  it 
is  possible  to  reduce  vanadium  by  an  excess  of  ferrous  sulfate, 
to  destroy  the  excess  with  persulfate,  and  then  to  titrate 
the  reduced  vanadium  with  permanganate. 

Method  I — (For  the  Routine  Determination  of  Vanadium) 
See  the  "Determination  of  Chromium"  above.  Use  the  solution 
employed  for  the  determination  of  chromium  (as  given  above), 
and  add  10  cc.  of  approximately  0.03  N  ferrous  sulfate  solution 
if  vanadium  is  under  0.80  per  cent,  20  cc.  if  the  vanadium  content 
is  higher,  etc.  Stir  the  solution  thoroughly,  add  8  cc.  of  am- 
monium persulfate  solution  (15  per  cent  solution  of  the  95  per 
cent  salt)  and  stir  for  1  minute.  Titrate  with  appro.ximately 
0.03  TV  permanganate  solution  to  a  definite  pink  color  which 
does  not  fade  upon  continued  stirring  for  1  minute.  As  in  the 
determination  of  chromium,  an  excess  of  permanganate  is  con- 
sumed in  order  to  overcome  the  dilution  effect  and  the  color 
interference.  If  this  e.xcess  was  actually  determined  after  the 
chromium  titration,  the  same  correction  should  be  subtracted 
here.  If  an  empirical  correction  is  made  in  accordance  with 
the  U.  S.  Steel  Corporation  method,  a  blank  must  be  deducted 
equal  to  0.02  per  cent  plus  1.8  per  cent  of  the  chromium  present. 
It  should  be  noted  that  the  effect  of  the  blank  is  here  reversed; 
it  lowers  the  percentage  of  vanadium  but  raises  the  percentage 
of  chromium.  Chromium,  nickel,  cobalt,  molybdenum,  arsenic, 
and  uranium  do  not  interfere  in  the  foregoing  method.  Tung- 
sten does  interfere  and  must  be  separated  in  a  new  sample  before 
the  method  is  used.  The  performance  of  this  method  is  indicated 
by  the  following  results  obtained  by  a  bureau  analyst  in  his 
first  four  analyses  by  it:  0.216  and  0.216  as  against  the  recom- 
mended value  0.215  per  cent  vanadium  in  Sample  306, 
and  0.214  and  0.216  compared  with  the  recommended  value 
0.21  per  cent  vanadium  in  Sample  30a. 

As  the  foregoing  methods  are  subject  to  various  limitations 
which  cast  the  results  in  doubt — often  very  much  so  in  the 
hands  of  novices  or  where  only  a  few  hundredths  of  one  per 
cent  of  vanadium  are  in  question — the  following  method  is 
also  presented.  In  tliis  method,  wliich  is  a  modification  of 
that  described  by  Cain,'*  most  of  the  iron  is  eliminated  by 
a  bicarbonate  precipitation  as  described  under  manganese, 
and  the  remainder  of  the  iron,  together  with  chromium  and 
copper,  is  completely  removed  by  dissolving  the  precipitate 
and  electrolyzing  with  a  mercury  cathode  in  a  dilute  sulfuric 
acid  solution.  Cobalt  and  nickel  are  also  quantitatively 
removed,  while  phosphorus,  arsenic,  molybdenum,  man- 
ganese, aluminium,  titanium,  zirconium,  and  uranium  remain 
with  vanadium  in  the  electrolyte.  The  vanadium  in  the 
electrolyte  is  then  reduced  by  sulfur  dioxide,  titrated  with 
permanganate,  and  the  final  solution  qualitatively  tested 
for  vanadium  if  desired.  This  rnethod  is  not  subject  to  the 
usual  interfering  elements,  and  is  well  suited  for  purposes 
of  primary  standardization  and  for  the  isolation  and  identi- 
fication of  vanadium. 

='  "Methods  of  the  Chemists  of  the  U.  S.  Steel  Corporation,"  1921,  p. 
47;  Proc.  Am.  Soc.  Testing  Materials,  22, 1,  617  (1922). 

«  Bur.  Standards.  Bull.  7,  377  (1911);  This  Journai.,  S,  476  (1911); 
Blair,  loc.  cit.,  p.   199. 
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Method  II — (For  the  Accurate  Determination  of  Vanadium) 
Dissolve  2.000  grams  of  the  sample  contained  in  a  200-cc.  Erlen- 
meyer  fiask,  in  30  cc.  of  dilute  sulfuric  acid  (10  per  cent  by 
volume).  If  the  steel  contains  less  than  0.1  per  cent  vanadium, 
use  a  larger  sample  and  correspondingly  more  acid.  When 
action  is  complete,  dilute  to  100  cc.  with  boiling  water,  heat  to 
boiling,  and  proceed  with  a  sodium  bicarbonate  precipitation 
as  in  the  determination  of  manganese  described  above. 

Place  the  paper  and  sodium  bicarbonate  precipitate  in  the 
original  flask,  add  20  cc.  of  nitric  acid  (specific  gravity,  1.42), 
shake  until  the  paper  is  broken  up,  and  then  add  5  cc.  of  sulfuric 
acid  (specific  gravity,  1.84).  Heat  over  a  free  flame  until  fumes 
of  sulfuric  acid  are  given  off,  cool,  and  then  add  more  nitric 
acid  and  repeat  the  heating  if  the  organic  matter  has  not  been 
destroyed.  Finally,  cool,  wash  down  the  sides  of  the  flask, 
and  evaporate  again  until  fumes  of  sulfuric  acid  appear  and  until 
it  is  certain  that  all  the  nitric  acid  has  been  expelled.  Cool, 
dilute  to  40  cc.,^'  neutralize  the  solution  with  ammonia,  and 
then  add  1  per  cent  by  volume  of  sulfuric  acid  in  excess.  Trans- 
fer the  weakly  acid  solution  to  the  electrolyzing  apparatus, 
rinsing  the  flask  with  small  portions  of  water,  and  keeping  the 
total  volume  of  the  solution  down  to  70  cc.  The  electrolysis 
may  be  performed  with  a  mercury  cathode  in  (1)  the  special 
modified  separatory  funnel  described  and  pictured  by  Cain^' 
and  also  by  Blair;''  (2)  in  a  small  beaker  with  sealed  in  platinum 
wire  as  described  by  Smith,'*  or  (.3)  in  an  ordinary  beaker  with 
the  cathode  lead  enclosed  in  a  glass  tube  extending  into  the 
mercury.  In  any  case  the  cathode  lead  should  be  imbedded 
in  about  200  grams  of  mercury,  and  the  solution  electrolyzed 
(preferably  with  a  stirring  arrangement)  using  a  current  of 
5  to  6  amperes  at  6  to  7  volts.  Continue  the  electrolysis  until 
iron  is  removed  as  indicated  by  a  ferricyanide  test  on  a  small 
drop  of  the  electrolyte.  This  will  ordinarily  require  15  to  20 
minutes  if  the  electrolyte  is  stirred.  When  iron  is  absent,  re- 
move the  electrolyte  and  wash  the  mercury  two  or  three  times 
with  25  to  30  cc.  of  water  while  the  current  is  continued.  If 
the  electrolyte  is  not  absolutely  free  from  iron,  the  electrolysis 
must  be  continued  until  it  is.  Arsenic  is  the  only  element  to 
be  feared.  The  small  amounts  of  arsenic  (up  to  0.02  per  cent) 
usually  present  in  steel  may  be  ignored  except  in  the  most  ac- 
curate work.  In  precise  work  or  where  large  amounts  of  arsenic 
are  present,  the  properly  acidified  electrolyte  must  be  treated 
with  hydrogen  sulfide,  the  solution  filtered,  and  every  trace 
of  hydrogen  sulfide  expelled  from  the  filtrate  before  the  pre- 
liminary oxidation  with  permanganate  as  above.  If  all  hydrogen 
sulfide  is  not  expelled,  this  oxidation  gives  rise  to  sulfur  which 
later  reacts  with  sulfur  dioxide  to  yield  oxidizable  products 
which  cause  high  and  erratic  values  for  vanadium.  Add  2  to 
3  cc.  of  dilute  sulfuric  acid  (1  :  1),  heat  to  70°  to  80°  C,  and 
add  permanganate  solution  until  a  strong  pink  color  appears. 
Pass  sulfur  dioxide  into  the  boiling  solution  for  a  few  minutes, 
or  until  the  vanadium  is  reduced  to  the  quadrivalent  condition, 
and  then  a  rapid  stream  of  carbon  dioxide  free  from  oxygen  until 
the  solution  is  free  from  sulfur  dioxide,  as  shown  by  bubbling 
the  stream  through  a  feebly  acidified  dilute  solution  of  per- 
manganate. The  direct  use  of  a  solution  of  sulfur  dioxide  or  of 
any  alkali  sulfite  is  inadmissible  unless  these  have  been  freshly 
prepared,  for  after  a  lapse  of  time  they  contain  other  oxidizable 
bodies  than  sulfurous  acid  or  sulfite.  Sulfur  dioxide  is  most 
conveniently  used  from  a  cylinder  of  the  liquefied  gas,  or  it  may 
be  obtained  as  wanted  by  heating  a  flask  containing  a  solution 
of  sulfur  dioxide,  or  of  a  sulfite  to  which  sulfuric  acid  is  added." 
Sulfur  dioxide  must,  of  course,  be  entirely  removed  before  the 
succeeding  titration.  Cool  the  solution  to  60°  to  80°  C.  and 
titrate  with  0.03  A'  potassium  permanganate  solution  which 
has  been  standardized  against  sodium  oxalate.  Repeat  the 
reduction  and  the  titration  until  concordant  results  are  obtained. 
The  titration  should  be  corrected  by  a  blank  determination 
(usually  amounting  to  about  0.10  cc.)  on  a  solution  of  like  volume 
and  acidity.  The  final  solution  may  be  evaporated  to  small 
volume  and  qualitatively  tested  for  vanadium  with  hydrogen 
peroxide  in  acid  solution,  or  with  hydrogen  sulfide  in  ammoniacal 
solution. 


3^  Tuugstic  acid  retains  vanadium  (about  0.01  mg.  for  each  per  cent 
of  tungsten  in  the  steel  [Eelley,  Wiley,  Bohn,  and  Wright,  This  Journal, 
11,  633  (1919)].  Consequently,  if  any  appreciable  amount  is  present  at 
this  stage,  the  solution  must  be  filtered  and  the  washed  residue  dissolved 
in  an  excess  of  ammonia.  Vanadium  is  then  separated  from  tungsten 
by  the  addition  of  1  g.  of  alum,  precipitation  by  a  slight  excess  of  ammonia, 
filtration  and  washing.  The  precipitate  is  dissolved  in  hot  dilute  hydro- 
chloric acid,  heated  with  1  to  2  cc.  of  sulfuric  acid  till  fumes  appear,  and 
the  solution  added  to  the  original  filtrate. 

"  Loc.  cil.,  p.  200. 

>»  "Electro-analysis."  5th  ed.,  p.  62,  P.  Blakiston's  Son  &  Co. 

»  W.  F.  Hillebrand,  U.  S.  Ctol.  Surv.,  Bull.  700,  186. 


This  method  is  not  as  troublesome  as  might  appear  at 
first  sight,  and  is  quite  rapid  if  such  facilities  as  an  electro- 
lyzing apparatus  and  cylinders  of  sulfur  dioxide  and  carbon 
dioxide  are  at  hand.  When  the  mercury  has  become  sat- 
urated with  iron  and  chromium,  a  fair  degree  of  purification 
can  be  attained  in  a  few  minutes  by  shaking  in  a  separatory 
funnel  with  concentrated  hydrochloric  acid.'"' 

The  following  results  reported  for  renewal  No.  306  (recom- 
mended value  =  0.215  per  cent  vanadium)  indicate  the 
performance  of  the  different  methods :  colorimetrie  method^* 
(0.18,  0.21),  0.19;  Johnson's  method,"  0.22,"  0.20;  Garratt's 
modification  of  Johnson's  method,"  0.22;  Kelley's  electro- 
metric  titration  method,  0.22,  0.22;  Cain  and  Hostetter's 
method,"  (0.26,  0.20),  0.20;  Campagne's  method,^''  0.18, 
0.19,  0.20;  Blair's  method"  (final  procedure  as  in  Campagne's 
method),  0.22;  Method  I,  0.21,  0.21,  0.18,  0.20,  0.21,  0.20; 
Method  II,  0.22,  0.21,  (0.16, 0.21),  0.20. 

In  careful  analyses  an  accuracy  to  ±0.01  per  cent  can  be 
easily  attained  with  steels  containing  1  per  cent  of  vanadium 
and  ±0.02  per  cent  with  steels  containing  2  per  cent.  In 
routine  analyses  an  accuracy  to  ±0.02  per  cent  in  low  vana- 
dium steel  and  ±0.04  for  1  per  cent,  and  ±0.06  for  2  per  cent 
vanadium  steels  is  to  be  expected. 


*°  For  more  complete  purification, 
Soc,  31,  933  (1909). 


;  J.  H.  Hildebrand,  J.  At 


*2  With  preliminary  removal  of  copper. 
"  Garratt,  This  Journal,  4,  256  (1912). 
"  Cain  and  Hostetter.  Ibid  ,  4,  250  (1912). 
«  Blair,  loc.  cil.,  p.  209. 


Wearing  Qualities  of  Shoe  Leathers 

Wearers  of  shoes  need  definite  information  on  the  wearing 
quality  of  leather  to  enable  them  to  buy  shoes  economically; 
tanners  need  such  knowledge  to  enable  them  to  make  high-grade 
leather  and  to  use  their  raw  material  to  the  best  advantage  and 
at  the  lowest  cost.  To  supply  this  information,  the  Bureau  of 
Chemistry  in  1919  began  a  series  of  experiments  at  various 
army  training  camps,  which  furnish  the  basis  for  a  bulletin  re- 
cently issued   by   the  Department  of  Agriculture. 

It  was  evident  from  these  experiments  that  shoe  uppers  made 
from  the  better  portions  of  cow-grain  leathers  of  good  quality 
will  outwear  two  or  more  soles.  Fiber  soles  of  the  kinds  used 
were  not  suitable  for  the  conditions  of  wear,  owing  principally  to 
the  fact  that  as  soon  as  the  soles  had  worn  down  through  the 
stitches  they  frequently  ripped  and  broke  oflf.  Imperfections, 
such  as  ripping,  bulging,  chipping,  and  breaking,  were  numerous 
in  the  fiber  soles. 

Disregarding  the  possibility  of  misfitting,  a  full  double  sole 
and  double  shank  of  heavy  leather  seems  to  be  responsible  for 
the  wasteful  excessive  toe  wear,  as  such  a  shoe  bends  but  little  and 
the  weight  of  the  body  is  concentrated  at  the  extreme  end  of 
the  sole,  instead  of  being  distributed  over  a  greater  area  at  the 
ball. 

The  serviceability  of  various  tannages,  based  on  a  standard 
thickness  of  9  irons,  was  found  to  be  as  follows:  oak  bark,  78 
days;  hemlock  bark,  79  days;  chestnut  wood  extract,  80  days; 
belting,  85.5  days;  waxed  chrome,  102  days;  unwaxed  chrome, 
126  days;  and  fiber  soles,  122  days.  Among  the  outstanding  in- 
dications of  the  experiments  are  the  superior  pliability  of  re- 
tanned-chrome  and  chrome-tanned  upper  leathers,  certain  ob- 
jectionable features  of  fiber  soles  and  the  long  wear  of  those  that 
did  not  develop  such  features,  the  increased  serviceability  of  rolled 
sole  leathers,  and  the  strikingly  longer  wear  of  chrome-tanned 
sole  leathers,  especially  of  the  unwaxed  chrome-tanned  leather. 


SUGQESTIONS  TO  AUTHORS 

The  booklet  "Suggestions  to  Authors,"  which  we  recently  an- 
nounced was  in  preparation,  is  now  ready  for  distribution,  and 
copies  will  be  mailed  to  those  who  will  send  a  request  therefor  to 
the  editor's  office. 

Cooperation  of  authors  in  following  these  suggestions  will  be 
greatly  appreciated  in  the  editorial  office,  and  by  lessening  am- 
biguity and  thus  making  possible  more  prompt  publication  will 
help  to  bring  about  better  satisfaction  to  all  concerned. 
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The  Freezing  Point-Solubility  Diagram  of  the  System 
Tetryl-Picric  Acid" 


By  C.  A.  Taylor  and  William  H.  Rinkenbach 

Bureau  of  Mines,   Pitt,sburgh,   Pa. 


THE  freezing  point  curve.?  of  the  binary  systems  of 
TNT-tetryP  and  TNT-picric  acid^  have  previously 
been  determined  by  the  writers,  and  the  freezing  point 
curve  of  tetryl-picric  acid,  as  herein  discussed,  completes 
the  series. 

The  method,  apparatus  used,  and  the  purification  of  the 
materials  employed  in  this  work  have  been  described  in 
detail  in  the  articles  mentioned.  The  tetryl  had  a  setting 
point  of  128.72°  C,  and  that  of  the  picric  acid  was  121.9°  C. 
Each  was  melted  and  cooled  before  being  used. 

Considerable  difficulty  was  encountered  in  obtaining  ac- 
curate check  results  on  the  same  mixture  in  the  course  of 
the  work  on  mixtures  of  tetryl  and  picric  acid.  This  diffi- 
culty was  found  to  be  due  to  a  tendency  on  the  part  of  these 
mixtures  to  supercool  to  a  remarkable  degree.  For  example, 
a  melt  containing  50  per  cent  of  each  component  cooled  to 
room  temperature  without  the  formation  of  a  solid  phase. 
The  cold,  extremely  viscous  liquid  so  obtained  remained  in 
this  state  for  about  10  days,  although  the  forcing  of  crystal- 
lization by  means  of  "seeding"  was  attempted,  and  it  then 
solidified  very  slowly.  Another  melt  that  was  constantly 
agitated  supercooled  to~  room  temperature,  began  to  solidify 
slowly  after  2  hours,  and  caused  a  rise  in  temperature  of  only 
2  degrees. 


Cooling 

Molecular 

Percentage 

OP  . 

Points 

Melting 

Picric 

Picric 

Found 

Tetryl 

Acid 

Tetryl 

Acid 

Average  °  C. 

°  C. 

0.00 

100.00 

0.00 

100.00 

121.8 

15.00 

85.00 

12.34 

87.66 

111.73 

30.00 

70.00 

25.48 

74.52 

99.9 

40.00 

60.00 

34.72 

05.28 

90.0 

45.00 

55.00 

39.50 

60.50 

84.8 

85.6 

47.50 

52.50 

41.92 

.58.08 

81.05 

50.00 

50.00 

44.38 

55.62 

76.65 

85.5 

47.50 

46.86 

53.14 

72.2 

85.5 

55.00 

45.00 

49.43 

50.57 

85.5 

58.00 

42.00 

52.42 

47.58 

77.3 

60.00 

40.00 

54.48 

45.52 

81.0 

62.00 

38.00 

56.55 

43.45 

84.2 

84.6 

65.00 

35.00 

59.71 

40.29 

90.1 

70.00 

30.00 

65.05 

34.95 

98.3 

77.14 

22.86 

72  92 

27.08 

108.9 

88.12 

11.88 

85.14 

14.86 

120.2 

90.00 

10.00 

87.78 

12.22 

121.75 

100.00 

0.00 

100.00 

0.00 

128.72 

In  addition  to  the  use  of  cooling  curves  for  the  derivation 
of  equilibrium  data,  it  was  found  advisable  to  employ  heating 
curves.  These  were  obtained  by  gradually  heating  the 
previously  cooled  melt  in  the  apparatus  used  for  cooling 
curve  work,  the  temperature  of  the  bath  being  slightly  higher 
than  that  necessary  for  the  formation  of  a  homogeneous  solu- 
tion. The  rise  in  temperature  of  the  melt  was  steady  until 
the  saturation  temperature  was  reached,  when  there  was  a 
period  during  which  the  temperature  of  the  melt  remained 
constant. 

The  results  obtained  by  the  use  of  both  cooling  and  heating 
curves  are  shown  in  the  table  and  in  Fig.  1. 

Interpretation  op  Results 

Inspection  of  the  curve  derived  from  the  foregoing  data 
shows  a  different  type  than  TNT-tetryl  and  TNT-picric 

•  Received   May   1.   1923.     Published  by  permission  of  the  Director, 
V.  S.  Bureau  of  Mines. 

»  This   Journal,    16,   73    (1923). 
'Ibid.,   16,   795   (1923). 


acid.  Curves  showing  the  lowering  of  the  melting  points 
of  the  pure  components  in  the  usual  way  are  obtained  except 
in  mixtures  containing  44  to  63  per  cent  tetryl.  A  melt  con- 
taining 50  per  cent  of  each  component,  for  example,  gave 
a  cooling  curve  of  the  type  shown  in  Fig.  2.  The  maximum 
temperature  attained  (d  in  Fig.  2)  varied  in  individual  cases 
from  75.6°  to  81.9°  C.  When  this  same  mixture  was  allowed 
to  solidify  and  was  then  slowly  heated,  a  curve  (Fig.  3)  indi- 
cating a  melting  point  of  85.5°  C.  was  obtained.  The  other 
mixtures  within  this  concentration  range  gave  similar  re.sults. 
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TIME  OF  COOLING.  SECONDS 
Fig.  2 — Cooling  Curve  of  Mixture  of  Tetryl  and  Picric  Acid 

Plotting  these  results  (Fig.  1),  we  have  a  curve  indicating 
the  formation  of  a  compound  of  the  components.  However, 
on  account  of  the  great  tendency  on  the  part  of  this  compound 
to  supercool,  as  previously  shown,  it  was  possible  to  complete 
the  curve  on  both  branches  through  the  metastable  condi- 
tion. 

Composition  of  Compound  Formed 

Calculation  shows  that  the  percentage  composition  of  the 
simple  compounds  usually  formed  in  such  cases  is  as  follows: 


1  molecule    tetryl   :    2  molecule 

1  molecule    tetryl   ;    1  molecule 

2  molecules  tetryl   ;    1  molecule 


picnc  acid 
picric  acid 
picric  acid 


38.52  per  cent  tetryl 
55.62  per  cent  tetryl 
71.47  per  cent  tetryl 
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TIME  OF  HEATING.  MINUTES 
KiG.  3 — Curve  Showing  Rise  in  Temperature  as  Mixtures  of  Tetryu 
AND  Picric  Acid  Are  Heated  at  Uniform  Rates 

From  this  it  would  appear  that  the  compound  formed  con- 
sists of  one  molecule  of  tetrjd  and  one  molecule  of  picric 
acid,  as  the  others  are  outside  the  concentration  range  co\'ered 
by  the  flat  portion  of  the  curve. 

Melts  of  the  pure  components  and  various  melts  of  those 
two  were  submittetl  to  W.  M.  Myer,  pctrographcr  of  the 


Bureau  of  Mines,  Pittsburgh,  Pa.,  for  examination.  He 
found  tliat  there  was  a  third  substance  present  in  tiie  melts, 
but  owing  to  the  high  refractive  indices  of  all  the  substances, 
it  was  not  possible  td  make  quantitative  comparisons. 

Application  op  the  Data 

Tlie  data  can  be  applied  to  the  analysis  of  mixtures  of 
trtr>l  and  jiicric  acid  in  the  manner  described  in  tiie  paper 
dcahng  with  mixtures  of  TNT  and  tetryl.-  However,  it 
is  chfficult  to  use  this  method  within  the  concentration  range 
44  to  63  per  cent  of  tetryl,  because  of  the  difficulty  in  ob- 
taining accurate  checks  and  the  peculiarities  of  this  portion 
of  the  curve.  The  difficulty  in  obtaining  accurate  checks 
may  be  ascribed  to  the  fact  that  the  supercooled  mixtures 
are  rather  viscous.  Thick  suspension  of  air  bubbles  is  quickly 
formed  when  the  melt  is  stirred,  and  this  prevents  an  even 
rate  of  heat  transference,  so  that  the  uneven  rate  of  cooling 
under  tlie  best  of  conditions  yields  results  that  arc  not  within 
the  usual  range  of  accuracy. 
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The  Separation  of  Tin  from  Other  Metals' 

Including  Its  Determination  after  Preeipitation  by  Means  of  Cupferron 


By  N.  Howell  Furman 
Princeton  University,  Princeton,  N.  J. 


Kting  and  Lassicur  have  proposed  the  use  of  cupferron  as  a 
precipitant  for  quadrioalent  tin.  This  method  has  been  studied 
in  detail,  and  found  to  be  rapid,  convenient,  and  accurate.  It  is 
especially  suitable  in  connection  with  the  analysis  of  tin-antimony 
alloys  by  the  McCay  method. 

An  alternate  electrolytic  method  which  Kling  and  Lassieur 
recommend  highly  has  not  been  found  to  be  satisfactory  for  the  rapid 
determination  of  tin. 


Attention  has  been  called  to  a  widespread  serious  misunder- 
standing of  the  conditions  which  are  necessary  for  the  separation 
of  antimony  from  tin   in  dilute  hydrofluoric  acid  solutions. 

By  means  of  established  methods,  together  with  some  additional 
ones  here  described,  tin  may  he  separated  from  copper,  lead, 
arsenic,  antimony,  bismuth,  cadmium,  zinc,  manganese,  cobalt, 
and  nick.el. 


NEARLY  all  the  metallic  elements  which  are  commonly 
associated  with  tin  in  alloys — namely,  cadmiiun,- 
copper,  lead,  bismuth,''  arsenic,  and  antimony — may  be 
separated  completely  from  quadrivalent  tin  by  precipitation 
with  hydrogen  sulfide  in  solutions  which  contain  a  moderate 
concentration  of  hydrogen  fluoride  (about  1  per  cent  by 
weight) .  In  his  comprehensive  scheme  of  qualitative  analysis, 
Noyes'  made  mention  of  the  possible  use  of  dilute  hydrofluoric 
acid  solutions  of  certain  metals  in  quantitative  analysis. 

McCay  has  proved  that  the  separations  from  tin  are  quan- 
titative in  the  cases  of  antimony,''  lead,''  copper,^  and  arsenic.'' 
His  experiments  prove  that  the  separations  are  successful 
only  when  antimony  and  arsenic  are  present  quantitatively 
in  the  trivalent,  and  tin  in  the  (luadrivalent  state.  Iron 
and  zinc,  if  present,  will  be  found  in  the  filtrate  which  con- 
tains the  tin.     Preliminary  results  indicate  that  under  the 

'  Received   March  23,   1923. 

-  Thus   far   qualitative   experiments    only   have   been    made   in    the   in- 
stances of  cadmium   and   bismuth.      See   Footnote   4. 
'  Tech.  Quarterly,  16,  93  (1903);  17,  2H  (1904). 
<  J.  .4m.  Chem.  Soc.,  31,  373  (1909). 
ilhid.,  32,   1241   (1910). 
'  Ibid.,  46,  11S7  (1923). 


conditions  recommended  by  McCay*  in  his  scheme  for  the 
analysis  of  the  tin-antimony  alloys,  no  zinc  is  precipitated 
with  the  copper  sulfide.     This  detail  is  being  studied  further. 

McCay  has  proposed  a  simple  and  accurate  method  for 
the  analysis  of  the  tin-antimony  alloys,  which  is  based  upon 
his  excellent  method  for  the  separation  of  antimony  from 
tin.'''^  The  only  criticism  of  the  original  method  of  which 
the  author  is  aware  was  directed  toward  the  necessity  of 
using  a  platinum  dish  to  remove  the  hydrogen  fluoride  before 
a  determination  of  tin  could  be  made. 

It  was  later  shown  by  the  author  that  the  fluorine  can 
be  removed  from  the  sphere  of  action  by  the  addition  of  a 
large  excess  of  boric  acid  to  the  solution.  After  tlie  fluorine 
has  thus  been  bound,  perhaps  in  the  little  dissociated  anion, 
BF4~,  a  complete  precipitation  of  the  tin  as  sulfide  can  be 
made  in  a  glass  vessel.'  Alternately,  it  was  pointed  out 
that  the  tin  can  be  deposited  elcctrolytically  after  the  adth- 
tioii  of  oxalic  acid.*    The  current  efficiency  was  extremely 


'  Furman.  /.  .An 
«  The  details  whi 

ysis  by  Electrolysis," 

followed. 


Soc.  40,  .S9.5  (1918). 
jscrihed  in  Classen-Hall.  "Quantitative 
1913,  p    135,  John  Wiley  &  Sons,  Inc., 
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low,  hovve\'er,  and  the  process  was  so  time-consuming  as 
to  be  impractical. 

Recently,  Kling  and  Lassieur'  have  recommended  the 
McCay  method  for  the  separation  of  antimony  from  tin,* 
followed  by  the  precipitation  of  the  tin  in  the  filtrate  by 
means  of  cupferron,  after  the  addition  of  a  large  excess  of 
boric  acid.  In  a  subsequent  communication'"  they  state 
that  the  electrolytic  precipitation  of  the  tin  is  to  be  preferred 
to  the  precipitation  by  means  of  cupferron.  They  have 
found  that  a  complete  deposition  of  tin  may  be  made  in 
20  minutes  by  using  a  current  of  4  to  5  amperes  and  an 
apparatus  suitable  for  rapid  electro-analysis.  (The  elec- 
trode areas  were  not  stated,  nor  were  any  experimental 
results  given.) 

Their  solutions  differed  from  those  which  were  previously 
employed  by  the  author  only  m  having  present  2.. 5  grams 
tartaric  acid,  5  to  10  grams  sodium  acetate,  and  10  cc.  con- 
centrated hydrochloric  acid,  in  addition  to  the  quantities 
of  other  substances  normally  present. 

An  extended  series  of  quantitative  experiments  was  made 
in  which  the  conditions  were  as  closely  as  possible  those  of 
Kling  and  Lassieur.  Each  solution  contained  0.1  to  0.25 
gram  tin,  5  cc.  48  per  cent  hj'drofiuoric  acid,  4  to  6  grams 
boric  acid,  5  to  7  grams  ammonium  oxalate,  5  to  10  grams 
crystallized  sodium  acetate,  and  5  to  10  cc.  concentrated 
hydrochloric  acid  (specific  gravity,  1.19).  The  tin  was  intro- 
duced in  the  form  of  stanni-ammonium  cliloride  solution 
containing  appropriate  quantities  of  hydrocliloric  acid. 
The  total  volume  was  between  100  and  200  cc.  A  current 
strength  of  4  to  5  amperes  per  100  sq.  cm.  cathode  surface 
at  4  to  6  volts  was  eipployed;  the  speed  of  anode  rotation 
was  600  to  800  per  mmute.  In  no  case  was  the  tin  completely 
deposited  in  one  hour.  The  quantities  not  precipitated 
varied  from  1  to  3  mg.  A  further  electrolysis  of  1  to  2  hours 
under  the  same  conditions  was  necessary  to  complete  the 
deposition.  The  small  quantities  of  tin  which  were  not  pre- 
cipitated in  the  first  hour  were  always  recovered  upon  con- 
tinued electrolysis  with  cathodes  freslily  plated  with  copper; 
much  less  than  1  mg.  of  tin  could  be  easUy  seeii  under  these 
conditions. 

With  stationary  electrodes,  employing  a  current  of  0.5 
ampere  per  100  sq.  cm.  cathode  at  3  to  4  volts,  other  condi- 
tions as  described  above,  complete  deposition  of  the  tin 
required  20  to  24  hours.  In  the  original  experiments,'  which 
were  made  with  sulfate  solutions  and  without  sodium  acetate, 
the  time  required  with  stationary  electrodes  was  40  to  48 
hours,  other  conditions  being  as  here  described.  The  accel- 
eration of  the  deposition  is  undoubtedly  due  to  the  presence 
of  both  acetates  and  chlorides."  Even  with  these  additions, 
the  method  leaves  much  to  be  desired. 

Kling  and  Lassieur  state  that  the  cupferron  precipitation 
of  tin  is  most  satisfactory  from  the  standpoint  of  rapidity, 
ease  of  washing,  and  ignition  of  the  tin  to  constant  weight 
as  oxide.  Inasmuch  as  only  three  test  analyses  were  given 
in  the  two  papers  cited,  it  seemed  desirable  to  investigate 
the  method  further,  especially  since  these  results  were  ob- 
tained after  precipitation  of  the  antimony  from  a  "hydro- 
chloric acid  solution  of  the  two  metals  oxidized  by  potassium 
chlorate."  Such  a  procedure  makes  the  separation  of  the 
antimony  from   tin   absolutely   mireliable.'^ 

Numerous  quaUtative  experiments  have  shown  conclu- 
sively that  dilute  hydrofluoric  acid  solutions  of  aniimonic 

'Compl.  rend.,  170,   1112  (1920). 

^'Ibid.,  173,   1081   U921). 

11  Engels,   Ber..  28,  3187   (1895). 

1'  H.  H.  Willard  has  pointed  out  (private  communication)  that  the  ac- 
curacy of  the  tin  results  would  not  be  affected  since  quinquivalent  antimony 
is  not  precipitated  by  cupferron.  This  suggestion  was  studied  experi- 
mentally and  found  to  be  correct.  Kling  and  Lassieur  give  results  which 
are  correct  for  both  antimony  and  tin. 


compounds  are  very  sluggishly,  or  not  at  all,  affected  by  a 
rapid  stream  of  hydrogen  sulfide  in  one  hour."  A  new 
series  of  experiments  was  made  in  which  Kling  and  Lassieur's 
directions  were  carefully  followed.  Mixtures  of  0.1  to 
0.3  gram  each  of  pure  tin  and  antimony  were  dissolved  l)y 
10  cc.  concentrated  hydrocliloric  acid  with  gradual  addition 
of  1  to  1.5  grams  of  potassium  chlorate.  In  a  second  series 
dilute  hydrochloric  acid  (specific  gravity,  1.10)  was  used. 
These  solutions  were  neutrahzed  with  sodium  hydroxide, 
5  grams  tartaric  acid  were  added,  and  the  solutions,  after 
warming  until  clear  and  cooling,  were  transferred  to  paraffin 
beakers.  Ten  grams  crystallized  sodium  acetate  and  10  cc. 
48  per  cent  hydrofluoric  acid  were  added.  After  dilution 
to  300  cc.  and  standing  for  one-half  hour,  each  solution  was 
treated  with  a  rapid  stream  of  hydrogen  sulfide  for  one  lioiir. 
The  amounts  of  antimony  thus  precipitated  ranged  from 
0.6  to  54  per  cent  of  the  quantities  known  to  be  present. 
Presumably,  these  figures  represent  the  portion  of  the  anti- 
mony which  was  not  oxidized  by  the  potassium  chlorate. 

Abundant  e\'idence  of  the  presence  of  antimony  in  the 
filtrate  was  always  obtained  upon  adding  an  excess  of  boric 
acid,  warming  the  solution  m  a  glass  vessel,  and  again  satu- 
rating it  with  hydrogen  sulfide.  The  presence  of  a  large 
amount  of  antimony  sulfide  admixed  with  the  tin  sulfide 
thus  precipitated  was  confirmed  by  careful  qualitative  work. 

A  similar  erroneous  idea  of  the  conditions  which  are  neces- 
sary for  the  separation  of  antimony  from  tin  by  the  McCay 
method  is  to  be  found  in  the  work  of  Ibbotson  and  Aitcheson." 

It  cannot  be  too  strongly  emphasized  that  the  antimony 
must  be  in  the  lower  state  of  oxidation  in  order  that  this 
separation  shall  be  complete. 

Experimental 

A  solution  of  stannic  tin  was  prepared  by  dissolving  about 
4  grams  of  pure  tin  (the  tin  was  of  knowai  high  degree  of 
purity,  having  been  tested  in  connection  with  previous 
investigations  of  this  series'*'^)  in  40  cc.  of  hot  concentrated 
sulfuric  acid.  The  solution  was  diluted  to  a  liter  after  the 
addition  of  enough  hydrochloric  acid  to  prevent  hydrolysis. 
KnowTi  portions  of  this  solution  were  taken  for  analysis, 
^'olumes  recorded  are  at  20°  C.  The  tin  was  precipitated 
as  metastannic  acid  and  weighed  as  oxide,  following  the 
method  of  Rose.'*    The  following  values  were  obtained: 

Solution  Taken  Tin  Found 

Cc.  Gram 

25  0.1032 

50  0 . 2062 

25  0  1034 

25  0  1041 

Average   25  0   1034 

Precipitation  of  Tin  by  Means  of  Cupferron — 
Numerous  analytical  uses  of  cupferron  (nitrosophen>l- 
hydroxylamrneammonium)  have  been  proposed  since  this 
reagent   was   first  introduced   by   Baudisch."    A   compre- 

13  The  author  has  made  many  qualitative  experiments,  dissolving  0.5 
to  1.0  gram  of  pure  potassium  antimoniate  in  hydrofluoric  acid  (5  to  10 
cc).  Upon  dilution  to  250  to  350  cc.  and  passage  of  hydrogen  sulfide  (or 
one  hour,  a  slight  yellow  coloration  sometimes  appears  after  the  first  half 
hour.  Upon  standing,  the  solution  generally  becomes  clear  in  a  few  hours. 
W'ith  a  deficiency  of  acid,  however,  more  or  less  rapid  precipitation  of  anti- 
mony may  occur. 

■•"The  Analysis  of  Non-Ferrous  Alloys."  2nd  ed..l922,  p.  132. 
Longmans.  Green  &  Co.,  has  the  following  erroneous  statement:  "For 
this  separation  (i.  e.,  antimony  from  tin)  the  metals  should  exist  in  the  higher 
state  of  oxidation  in  hydrochloric  acid  solution.***  The  solution  ***  is  treated 
with  an  excess  of  tartaric  acid  and  then  neutralized  with  sodium  hydrate. 
A  solution  of  48  per  cent  hydrofluoric  acid  is  then  added,  and  this  is  followed 
by  an  excess  of  sodium  acetate.  After  diluting  largely  ***the  antimony  is 
precipitated  by  a  current  of  sulfuretted  hydrogen,"  etc.  No  more  un- 
suitable conditions  could  well  have  been  chosen! 

1'  Fogg.  Ann.,  102,   164  (1861). 

I'CAem.  Ztg..  33,  1298  (1909). 
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hensive  review  of  these  uses  has  recently  been  made  by 
Lundell  and  Knowles.''  Marvel  and  Kamm'*  have  studied 
and  improved  the  methods  of  preparuig  cujiferron.  Pre- 
sumably, the  tin  precipitate  with  cupferron  is  essentially 
Sn{C6H5N202)4-  Auger''  states  that  he  has  commenced 
a  study  of  the  complex  salts  of  cupferron  with  molybdenum, 
tin,  and  cerium;  hence  no  attempt  was  made  to  establish 
the  composition  of  the  precipitate. 

Known  portions  of  the  tin  solution  were  taken.  In  a 
number  of  cases  the  conditions  were  as  nearly  as  possible 
those  which  would  be  encountered  in  the  analysis  of  a  copper- 
lead-tin-antimony  alloy  by  the  McCay  method — namely, 
0.1  to  0.3  gram  tin,  5  cc.  48  per  cent  hydrofluoric  acid,  4 
grams  boric  acid,  2  to  .5  cc.  concentrated  sulfuric  acid,  and 
5  to  10  cc.  concentrated  hydrochloric  acid  in  a  total  volume 
of  200  to  500  cc. 

The  cupferron  was  added  in  the  f(}rm  of  a  10  per  cent  solu- 
tion. The  solution  was  filtered  before  using.  Such  a  solu- 
tion is  stable  for  several  weeks.-"  Upon  the  addition  of 
the  reagent  the  tin  precipitate  separates  in  a  white  form, 
which  is  possiblj'  an  emulsion;  it  rapidly  assumes  a  curdy 
appearance.  Upon  vigorous  stirring  in  the  presence  of  an 
e.xcess  of  cupferron  the  preci])itate  generally  passes  through 
a  stage  in  which  it  resembles  superficially  plastic  sulfur. 
Finally,  it  becomes  compact  and  brittle,  and  may  be  crushed 
to  a  powder  with  a  glass  rod.-^  The  whole  series  of  traris- 
formations  usually  requires  30  to  4.5  minutes.  Kling  and 
Lassieur  commence  the  filtration  when  the  curdy  state  has 
been  reached.  In  this  study  excellent  results  were  obtained 
with  the  brittle  precipitate,  the  filtration  being  very  rapid. 
The  precipitate  ordinarily  has  a  yellowish  appearance  when 
it  has  become  brittle  and  compact.  There  is  a  very  notice- 
able clearing  up  of  the  solution  when  precipitation  is  complete. 
A  liberal  excess  of  cupferron  is  desirable. 

The  precipitate  was  washed  with  cold  water.  Precipitation 
and  washing  may  easily  be  completed  in  less  than  an  hour. 
After  drying  in  a  weighed  crucible,  the  organic  matter  was 
expelled  by  gentle  ignition.  The  stannic  oxide  was  brought 
to  constant  weight  in  the  usual  manner.  If  the  quantity 
of  tin  is  larger  than  0.1  to  0.3  gram,  it  becomes  increasingly 
difficult  to  remove  carbon.  By  breaking  up  the  precipitate 
after  the  first  ignition  a  rapid  removal  of  carbon  is  effected. 

Solutions  of  hydrofluoric  acid  to  which  an  excess  of  boric 
acid  has  been  added  have  only  a  slight  solvent  action  upon 
glass,  even  on  boiling.  Nevertheless,  those  precipitates 
which  were  obtained  from  such  solutions  were  tested  for  the 
presence  of  silica.  A  portion  of  the  ignited  stannic  oxide 
was  transferred  to  a  platinum  crucible  and  brought  to  con- 
stant weight.  A  few  drops  of  water  and  dilute  nitric  acid, 
and  5  cc.  48  per  cent  hydrofluoric  acid  were  added.  Ui^on 
evaporation  and  ignition  no  change  in  weight  occurred. 


T.\BI.E   I — Deterj 

^.NATION     , 

Cupferron 

PRECIPIT.,t 

Ti 

in  Taken 

Tin  Found 

Krror 

Expt. 

Gram 

Gram 

Mg. 

1 

0,1083 

0.1087 

0.4 

2 

0.2068 

0.2066 

-0.2 

3 

0.1034 

0.1032 

-0.2 

4 

0.1216 

0.1221 

0.5 

0.2138 

0.2142 

0  4 

6. 

0 , 2068 

0.2062 

-0  6 

7 

0.1034 

0.1036 

0,2 

In  the  first  three  experiments  no  h>-drofluoric  aciil  was 
present. 

"Tins  JoURN.^L.   12,   .344    (1920). 

15/.  Am.  Chem.  Soc,  41,  276  (1919).  .4.  bibliography  of  the  uses  of 
ci^pferron  is  given. 

•■<  Compl.  rend..   170,   99,5   (1920). 

-°  See  references  cited  by  Lundell  and  Knowles,  loc.  cit. 

"■•■  Fresenius,  Z.  anal.  Chem.,  50,  37  (1911),  describes  a  similar  series 
of  transformations  of   the  iron   salt   of  cupferron. 


SEP.'iRATiON  OF  Tix  FROM  ZiNC — Ziuc  and  iron,  when 
originally  present  in  a  tin  alloj',  will  be  found  in  the  filtrate 
which  contains  tin  in  the  course  of  the  analysis  by  the  methods 
mentioned. =  Cupferron  will  of  course  precipitate  the  iron 
with  the  tin.  The  amounts  of  iron  in  tin  aUoys  are  gen- 
erally small.  It  seems  ob\-ious  that  the  iron  oxide  could  be 
extracted  from  the  ignited  precipitate  and  its  amount  deter- 
mined by  a  suitable  method. 

Experiments  prove  that  a  very  satisfactory  separation  of 
tin  from  zinc  is  effected  by  precipitation  mth  cupferron. 

A  solution  of  pure  zinc  sulfate  was  prepared  and  standard- 
ized, the  zinc  being  weighed  as  pyi'ophosphate. 

Zinc  Solution  Taken  Zinc  Found 

Cc.  Gram 

25  0.1484 

50  0 . 2948 

25  0.1481 

50  0 . 2958 

Average      25  0.1479 

Known  portions  of  the  zinc  and  tin  solutions  were  mixed. 
The  tm  was  precipitated  by  means  of  cupferron,  and  weighed 
as  oxide. 

The  determination  of  zinc  in  the  filtrates  was  a  matter  of 
considerable  difficulty.  The  method  cannot  be  recommended 
when  a  rapid  determination  of  the  zinc  is  essential.  Zinc 
was  weighed  as  the  pyrophosphate,  either  after  repeated 
precipitations  as  the  double  ammonium  phosphate,  with 
intervening  filtrations  to  remove  organic  matter,  or  after 
previous  precipitation  as  the  sulfide. 


T.^BLE     II SEP.\R.\ 


Tin   from  Zinc  by   Means 


Tin 

Tin 

Zinc 

Taken 

Found 

Error 

Taken 

Zinc  Found 

Error 

Gram 

Gram 

Mg. 

Gram 

Gram 

Mg. 

0.1034 

0.1037 

0.3 

0.1479 

0.1491 

12 

0.2068 

0 . 2069 

0.1 

0.1479 

0.1489 

1.0 

0.1448 

0.1444 

-0.4 

0 . 2958 

0.2953 

-0.5 

0 . 1034 

0.1040 

OB 

0.1479 

Not  determined 

0.1034 

0,1032 

-0,2 

0.2958 

Not  determined 

0.2068 

0.2073 

0,5 

0,1479 

0.1484 

6.' 5 

0.1034 

0.1037 

0.3 

0.295S 

0.2956 

-0.2 

In  Experiments  2  and  6  no  hydrofluoric  acid  was  present. 
In  these  cases  the  filtrate  was  evaporated  with  nitric  acid 
in  order  to  destroy  organic  matter.  The  nitric  acid  was  then 
expelled  at  the  temperature  of  boiling  sulfuric  acid.  The 
general  conditions  were  similar  to  those  of  the  experiments 
recorded  in  Table  I. 

Separation  of  Tin  fro.m  Manganese,  Zinc,  Cobalt, 
AND  Nickel — It  seemed  obvious  that  cupferron  would 
separate  tin  from  any  or  aU  of  these  metals.  Solutions 
were  prepared  which  contained  known  amounts  of  tin  and 
from  0.1  to  0.15  gram  each  of  manganese,  nickel,  cobalt,  and 
zinc.     Only  the  tin  was  determined. 


Tin  Taken 
Gram 
0.1034 
0 ,  206S 

Tin  Found 
Gram 
0   1035 
0.2073 

Greetings  Exchanged 

While  the  Leather  Division  was  in  session  at  Milwaukee, 
delegates  from  other  parts  of  the  world  were  already  proceeding 
to  Barcelona,  Spain,  to  attend  the  international  meeting  of  the 
Society  of  Leather  Trades  Chemists.  In  view  of  the  unity  of 
purpose  of  the  two  organizations,  the  Leather  Division  author- 
ized the  sending  of  the  following  message  by  cable: 

Society  of  Le.wher  Trades  Chemists.  Calle  Urgul  187,  Bar- 
celona, Spain:  The  Leather  Division  of  the  American  Chemical  Society 
in  congress  assembled  at  Milwaukee  sends  greetings  and  best  wishes  for  a 
successful  meeting.  (.Signed)     John  Arthur  Wilson,  Chairman. 

Later  the  following  reply  was  received  by  cable: 

The  Society  of  Leather  Trades  Chemists  in  conference  thanks  the 
Leather  Division  of  the  .\merican  Chemical  Society  for  its  greetings  and 
good  wishes  which  are  heartily  reciprocated 

(Signed)      E.  Schell.  President. 
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Carbon  Dioxide  Content  of  Beverages 

A  Rapid  Method  for  Determination  of  Carbon  Dioxide  in  Lightly  Carbonated  Beverages 


By  Joseph  Cannizzaro 

113  Hudson  St.,  Nbw  York,  N.  Y. 


THE  writer  has  had  occasion  to  estimate  the  carbon  diox- 
ide content  of  beverages,  especially  near-beer,  and  has 
resorted  to  gas-volumetric  and  gravimetric  methods 
such  as  can  be  found  in  standard  books  of  analysis.  For  the 
most  part  these  are  either  long  and  tedious  or  require  one 
well  versed  with  the  method  in  order  to  obtain  reUable  results. 

Of  the  gra^'imet^ic  methods,  that  of  Crampton  and  Trescot^ 
was  found  to  be  the  simplest  and  comparatively  most  com- 
pact. A  modified  form  of  their  apparatus  was  used  to  check 
the  results  of  the  WTiter's  rapid  method.  In  principle  their 
method  consists  in  connecting  the  bottle  of  beverage  with 
a  standard  carbon  dioxide  absorption  apparatus  and  ab- 
sorbing the  gas  in  some  weighed  U-tubes;  the  difference 
in  weight  representing  the  carbon  dioxide.  This  method 
is  tedious  and  requires  at  least  an  hour  for  its  proper  execu- 
tion, and  even  then  the  results  obtained  are  not  very  reliable. 
Hence  to  an  analyst  who  is  called  only  once  in  a  while  to  per- 
form such  an  analysis  its  application  is  not  very  satisfactory. 
Obviously,  the  results  of  the  gas-volumetric  method  are 
not  accurate,  owing  to  the  fact  that  the  carbon  dioxide, 
usually  collected  over  water,  is  absorbed  by  the  latter  to  a 
considerable  extent  and  thus  vitiates  the  results. 

The  rapid  method  is  based  on  the  same  principles  as 
Warder's  method'  for  the  determination  of  a  carbonate  La 
the  presence  of  a  bicarbonate.  It  consists  in  quickly  pipetting 
a  definite  volume  of  the  well-cooled  beverage  and  trans- 
ferring, tip  of  the  pipet  under  reagent,  to  a  measured  volume 
of  standard  sodium  carbonate.    The  carbon  dioxide  reacts: 

NasCO,  +  H2O  -t-  CO2  =  2NaHC03 
The  sodium  bicarbonate  being  neutral  to  phenolphthalein 
at  a  fairly  low  temperature  while  the  sodium  carbonate  is 
alkaline,  the  unused  carbonate  may  be  titrated  with  standard 
acid  to  the  disappearance  of  the  pink  color,  if  the  titrated 
solution  is  kept  at  about  3°  to  4°  C. 

As  carbonated  beverages  contain  more  or  less  fixed  acid, 
a  correction  must  be  applied  for  their  presence.  This  is 
easily  determined  on  a  separate  portion  of  the  sample  by 
boQing  to  expel  the  carbon  dioxide,  cooling,  and  titrating 
with  the  sodium  carbonate  solution,  using  phenolphthalein 
as  the  indicator.  The  volume  of  sodium  carbonate  used  is 
subtracted  from  the  total  volume  used  before  in  order  to 
obtain  the  volume  really  used  up  by  the  carbon  dioxide. 

If  the  very  cold  beverage  cannot  be  opened  without  mani- 
fest loss  of  gas,  as  indicated  by  excessive  foaming  and  spilling 
over,  this  method  cannot  very  well  be  appUed.  In  the  experi- 
ence of  the  author  this  is  of  rare  occurrence,  especially  when 
dealing  with  near-beer  and  other  cereal  beverages. 

Specifically,  the  method  found  most  adaptable  for  bottled 
near-beer  and  similar  beverages  is  as  follows: 

Procedure 

The  beer  is  first  thoroughly  cooled  by  means  of  cracked 
ice  and  salt  in  a  pail  of  suitable  size.  While  coohng,  two 
burets  are  fiUed,  one  with  0.2  A'^  sodium  carbonate  and  the 
other  with  0.2  N  hydrochloric  acid,  the  latter  having  been 
standardized  against  the  former.    Thirty  cubic  centimeters 

'  Received  June    12.    1923. 

•  U.  S.  Dept.  Aer.,  Bur.  Chem.,  Bull.  107. 

•  Am.  Chem.  J.,  S,  No.  1  (1881). 


of  the  sodium  carbonate  are  then  measured  out  in  a  600- 
cc.  beaker.  This  and  a  25-cc.  pipet  are  placed  nearby  for 
rapid  avaUabihty.  When  the  bottle  is  cold  and  is  still 
surrounded  by  ice,  it  is  carefully  and  quickly  opened,  without 
causing  the  least  agitation  to  its  contents,  by  means  of  a 
common  bottle  opener.  The  25-cc.  pipet  is  then  quickly 
inserted  into  the  bottle  and  the  beverage  carefully  measured 
and  transferred  to  the  sodium  carbonate  solution,  tip  of  the 
pipet  below  the  surface  of  reagent.  The  gas  is  seen  to  be 
readily  absorbed.  The  solution  is  then  diluted  to  about 
400  cc.  with  freshly  boiled  and  cooled  distilled  water  (to 
about  5°  C).  One  cubic  centimeter  of  phenolphthalein 
indicator  is  then  added  and  slowly  titrated  with  the  0.2  N 
hydrochloric  acid  to  the  disappearance  of  the  pink  color. 
Twice  the  volume  of  the  hydrochloric  acid  used  is  subtracted 
from  the  30  cc.  of  the  sodium  carbonate  in  order  to  obtain 
the  volume  of  the  latter  really  used  up  by  the  carbon  dioxide 
and  fixed  acids.    It  is  clear  from  the  reaction 

NajCO,  +  HCI  =  NaHCOs  -|-  NaCl 

that  the  volume  of  hydrochloric  acid  used  with  phenolphthal- 
ein as  the  indicator  is  one-half  the  volume  of  the  sodium 
carbonate  present  of  the  same  normaUty. 

To  determine  the  fixed  acids,  another  25-cc.  sample  is 
placed  in  a  600-cc.  beaker,  diluted  to  100  cc.  and  brought 
just  to  a  boil,  avoiding  prolonged  boiling.  It  is  then  cooled 
by  placing  in  the  cracked  ice  and  salt  bath,  diluted  to  400 
cc.  with  very  cold  distilled  water,  and  titrated  with  0.2  N 
sodium  carbonate  using  phenolphthalein  as  the  indicator  to 
the  appearance  of  a  pink  color.  This  volume  of  sodium 
carbonate  used  is  then  subtracted  from  the  total  volume 
used  in  the  first  titration  in  order  to  obtain  the  volume  of 
sodium  carbonate  used  for  the  carbon  dioxide.  One  cubic 
centimeter  0.2  N  sodium  carbonate  equals  0.0044  gram 
carbon  dioxide. 

Although  it  is  highly  desirable,  when  opening  the  cold 
bottle  containing  the  sample,  to  draw  the  sample  in  the  pipet 
as  rapidly  as  possible,  too  much  suction  must  not  be  applied 
with  the  lungs,  lest  the  pressure  on  the  surface  of  the  beer  in 
the  pipet  be  so  decreased  as  to  cause  evolution  of  gas.  The 
rate  of  drawing  must  be  reasonably  regulated.  This  must 
be  kept  in  mind  with  beverages  containing  foaming  com- 
pounds, as  these  have  a  special  tendency  to  foam  in  the 
pipet.  In  such  cases,  provided  the  beverage  is  thoroughly 
cold,  the  foam  may  be  disregarded  and  sucked  directly  into 
the  mouth.  After  the  proper  volume  of  beverage  has  been 
drawn,  it  may  be  expectorated. 

Apparently,  an  error  is  introduced  in  the  process  of  trans- 
ferring the  sample  from  the  bottle  to  the  standard  solution, 
but  it  is  very  low,  well  within  the  Limits  of  neghgence.  More- 
o^'er,  this  minute  error  is  inherent  in  every  method  of  deter- 
mining carbon  dioxide  in  beverages,  contained  in  bottles 
sealed  with  the  so-caUed  crown  corks. 

Some  beverages  are  highly  colored  so  that  a  smaller  sample 
or  a  larger  dilution,  or  both,  must  be  employed  in  order  to 
observe  the  end  point  properly. 

After  some  practice  the  analyst  can  judge  the  amount  of 
sample  to  use  and  the  dilution  necessary  to  secure  a  solution 
suitable  for  titration. 
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In  ordinary  beverages  like  near-beer  the  specific  gravity 
may  be  taken  as  1.025,  but  if  the  beverage  is  somewhat  thick 
it  is  best  to  determine  it  and  apply  correction  accordingly. 
The  specific  gravity,  however,  can  generally  be  neglected  in 
the  calculation,  as  the  error  incurred  is  quite  inappreciable. 

Results  and  Comparison  with  Gravimetric  Method 

The  results  of  this  method  have  been  repeatedly  checked 
against  those  obtained  by  the  Crampton  and  Trescot  method, 
and  the  checks  are  reasonably  within  the  limits  of  experi- 
mental error. 

The  following  table  shows  eight  analyses  with  a  comparison 
of  the  gravimetric  and  the  rapid  methods: 


' — -riVK  te 

Gravimetric 

Rapid 

Method 

Method 

Difference 

0.386 

0.385 

0.001 

0.410 

0.402 

0.008 

0.399 

0.395 

0.004 

0.300 

0.306 

0.006 

0.420 

0.412 

0.008 

0.450 

0.444 

0.006 

0.376 

0.366 

0.010 

0.350 

0.358 

0.008 

The  first  six  samples  were  near-beer  and  the  last  two  popu- 
lar brands  of  soda  water. 

The  same  method,  with  slight  modifications,  is  found  in 
the  Official  Methods  of  the  Association  of  Official  Agricultural 
Chemists''  for  determining  carbon  dioxide  in  mineral  waters. 

«  Assoc.  Official  Agr.  Chem.,  Methods,  1920,  p.  28. 


Applications  of  Vapor  Pressure  Measurements 

By  H.  S.  Davis  and  Mary  D.  Davis 

Arthur  D.  Little,  Inc.,  Cambridge,  Mass. 

A  convenient  vapor  pressure  apparatus  consists  of  two  simitar 
glass  flasks  connected  to  a  manometer  tube  and  means  whereby 
sealed  glass  containers  full  of  liquids  may  be  broken  inside  the 
flasks.     Full  details  for  the  manipulation  of  such  a  device  are  given. 

In  the  recovery  of  light  oils  from  coke-oven  gas  by  oil  scrubbing, 
the  light  oil  vapors  are  to  a'certain  extent  absorbed  as  a  whole,  and 
selective  absorption  plays  a  smaller  part  than  might  be  expected. 
This  fact  may  be  partly'jdue  to  differences  in  the  rates  of  diffusion 
of  the  vapors,  the  lighter  ones  tending  to  outstrip  the  heavier  in  their 
race  to  the  absorbent  oil. 

It  is  possible  to  check  "P  '''«  efficiency  of  a  light-oil  recovery  plant 
by  measuring  the  total  partial  pressure  of  the  light  oils  in  the  gas 
at  various  points  in  the  system,  and  also  their  tension  from  the  ab- 
sorbent oil. 


IN  PREVIOUS  publica- 
tions^ the  writers  have 
described  a  differential 
vapor  pressure  apparatus. 
Further  experimentation 
and  the  introduction  of  the 
device  into  commercial 
work  have  led  to  improve- 
ments in  its  design  along  the 
lines  of  durabihty  and  ease 
of  manipulation. 

Apparatus 

The  apparatus  (Fig.  1) 
consists  of  two  similar  glass 
flasks,  each  with  a  ground- 
glass  stopper  and  a  capillary  side  tube,  with  stopcocks, 
connected  to  a  manometer  tube.  Each  flask  is  provided  with 
a  metal  device  whereby  a  small,  sealed,  glass  container  may 
be  broken  inside  it.  The  following  improvements  are  in- 
cluded in  the  design  shown  in  the  figure : 

Manometer  Tube — This  was  formerly  connected  to  the 
flask  to  form  one  rigid  piece.  The  WTiters  have  found,  how- 
ever, that  joints  of  rubber  tubing  at  the  points  shown  in  the 
figure  do  much  to  relieve  strain  on  the  apparatus,  and  also 
permit  manometer  tubes  of  different  lengths  to  be  used  on  the 
same  apparatus. 

Containers  for  Liquids — Formerly  the  liquid  whose 
vapor  pressure  was  being  measured  was  put  into  small  glass 
bulbs  which  were  attached  to  movable  rods  so  that  when  de- 
sired the  bulb  could  be  broken  against  the  bottom  of  the  flask. 
The  containers  now  used  are  made  from  pieces  of  thin-wailed 
tubing  of  1  to  1.5  cm.  outside  diameter.  The  tubing  is  drawn 
to  a  capillary  at  one  end  and  sealed  off  1.5  cm.  from  the  bulb. 
At  the  other  end  it  is  drawn  to  a  somewhat  larger  capillary, 
which  is  cut  off  about  2  cm.  from  the  bulb  and  left  open  for 
filling. 

The  metal  breaking  device  has  a  holder  to  support  the  con- 
tainer in  a  vertical  position  inside  the  flask.  When  it  is  de- 
sired to  release  the  liquid  into  the  flask,  the  lower  part  of  the 
breaking  device  is  grasped  with  the  left  hand  while  the  upper 
part  is  twisted  with  the  right.  This  movement,  acting  on  a 
simple  contrivance,  breaks  off  both  the  slender  ends  from  the 
glass  container  and  allows  the  hciuid  to  flow  evenly  into  the 

'  Received  February  12,  1923. 

'This  Journai,,  10,  707  (1918);  Advisory  Council  for  Scientific'and 
Industrial  Research  of  Canada,  Report  2  (1918). 


flask.  If  any  trouble  is  en- 
countered in  breaking  off 
the  capillary  ends,  it  may 
be  entirely  eliminated  by 
scratching  them,  before 
filling,  with  a  file  at  the  de- 
sired points. 

Filling  the  Contain- 
ers— In  previous  descrip- 
tions detailed  instructions 
have  been  given  for  filling 
small  containers  by  alter- 
nate heating  and  cooling  or 
by  alternate  lowering  and 
raising  of  the  air  pressure. 
However,  these  methods  are 
open  to  the  following  objections: 

1 — In  the  case  of  high-boiling  liquids  it  is  necessary  to  heat 
them  so  hot,  in  order  to  obtain  a  vapor  pressure  sufficient  to 
drive  the  air  from  the  bulb,  that  decomposition  may  begin.  On 
the  other  hand,  their  vapor  tensions  at  ordinary  temperatures  are 
so  low  that  filling  the  bulb  by  changes  of  pressure  is  a  slow  process. 
2 — In  dealing  with  a  liquid  mi.xture  there  is  a  tendency  to  frac- 
tional distillation  of  the  liquid  in  the  bulb. 

3 — Occasionally  a  bulb  bursts  through  a  too  rapid  change  of 
pressure.  Sometimes  the  loss  of  material  in  this  way  is  a  serious 
matter. 

During  recent  investigations  such  methods  of  filling  have 
been  completely  discarded  and  instead  a  capillary  pipet,  made 
by  puUing  out  a  piece  of  narrow  tubing  at  one  end,  has  been 
used.  An  outside  diameter  of  0.5  mm.  for  the  capillary  will 
enable  ordinary  liquids  to  be  drawn  with  ease  through  a  piece 
several  centimeters  long,  and  the  inside  diameter  of  the  stem 
of  the  container  through  which  it  must  pass  need  be  very  little 
larger.  Such  pipets  made  from  glass  tubing  of  3-mm.  inside 
diameter,  and  provided  with  a  graduation  mark,  have  been  a 
great  convenience  for  introducing  accurate  amounts  of 
Uquids  into  small  containers  of  various  kinds.' 

Sealing  the  Containers — To  seal  successfully  the  open 
stem  of  the  container,  filled  with  a  volatile  liquid,  it  is  first 
heated  evenly  in  a  small  flame,  about  1  cm.  from  the  bulb,  and 
drawn  out  to  a  minute  capillary.  The  container  is  now  put 
aside  and  allowed  to  cool  completely,  after  wliich  the  capillary 

3  A  capillary  pipet  of  this  kind  should  be  of  great  use  in  many  physico- 
chemical  operations  where  it  is  necessary  to  introduce  measured  quantities 
of  liquids  into  small  glass  containers  which  are  to  be  sealed  up  afterwards  in 
the  blowpipe.  For  instance,  measurements  of  vapor  density  in  the  Victor 
Meyer  apparatus,  of  compressibility  by  certain  methods,  and  of  heats  of 
combustion  in  the  Bertholet  bomb  are  made  on  liquids  preferably  after 
enclosing  them  in  such  containers. 
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end  may  be  sealed  off  without  disturbing  the  air  pressure  in- 
side. Except  in  the  case  of  very  volatile  liquid.s,  it  is  not 
necessary  or  even  desirable  to  seal  off  this  final  capillary  at 
all,  in  which  case  the  breaking  device  may  be  arranged  to 
break  off  only  the  lower  stem  of  the  container. 

Quantity  of  Liquid  in  Cont.^iner — When  dealing  with  a 
liomogeneous  liquid  such  as  puie  benzene,  the  actual  vapor 

pressure  developed  in 
the  apparatus  is  inde- 
pendent of  the  quantity 
of  liquid  used;  but  in 
the  case  of  a  mixture 
of  two  or  more  liquids, 
the  vapor  pressure  de- 
■\eloped  is  seriously  af- 
fected by  this  factor. 
This  is  due  to  the  fact 
that  the  partial  evapo- 
ration into  the  flask, 
which  takes  place  after 
the  bulb  is  broken, 
somewhat  changes  the 
composition  of  the  re- 
sidual hquid.  The  part 
Fig.  I  whidi    evaporates     is 

richer  in  volatile  constituents  than  the  remainder,  so  that  the 
final  vapor  tension  of  the  residual  liquid  is  somewhat  lower 
than  the  true  vapor  tension  of  the  original  liquid  in  the  bulb. 
Tliis  error  is  present  in  all  measm-ements  of  vapor  pressure 
by  the  static  method.  \A'hen  the  composition  of  the  vai)or 
is  known,  the  necessary  correction  can  easUy  be  calculated. 

It  will  be  found  convenient,  for  all  measurements  of  the 
vapor  tension  of  Uquids  in  this  apparatus,  to  have  the  volume  of 
liciuid  used  one  one-hundredth  that  of  the  volume  of  the  flask. 
Putting  in  the  Stoppers — The  sealed  containers  are 
placed  in  the  supports  on  the  lower  ends  of  the  rods  through 
the  stoppers.  The  stoppers  are  slightly  greased,  put  in  place, 
and  secured  by  small,  stout  rubber  bands  over  the  lugs.  It 
is  not  necessarj'  to  wire  in  the  stoppers. 

Water  Bath — The  flasks  of  the  apparatus  are  inunersed 
in  a  liquid  bath  until  half  theu-  necks  are  covered,  while  the 
manometer  tube  remains  outside. 

Cleaning  the  Apparatus — After  the  determination  is 
completed  the  stopcock  in  the  manometer  is  closed,  the  other 
stopcocks  are  opened,  and  the  stoppers  removed.  The 
flasks  are  cleaned  by  wiping  all  gi'ease  from  the  insides  of 
the  necks  and  sucking  out  any  remaining  liquid  through  a 
small  glass  tube  connected  with  the  suction  pump.  They 
are  then  rinsed  with  a  little  benzene  or  alcohol,  which  is  after- 
wards sucked  out.  Between  the  apparatus  and  the  suction 
pump  there  should  be  a  small  safety  bottle  to  catch  fragments 
of  glass.  Each  of  the  flasks  is  then  throughlj-  cleaned  of  vapor 
by  drawing  air  through  it  for  at  least  1.5  minutes  in  the  follow- 
ing manner:  A  cork  stopper,  through  which  has  been  fitted  a 
glass  tube  reaching  nearly  to  the  bottom,  is  placed  in  the 
flask.  Suction  is  now  applied  to  the  stopcock  and  air  is 
drawni  in  through  the  glass  tube  to  the  bottom  of  the  flask  and 
out  at  the  stopcock. 

Caution — It  is  of  the  utmost  importance  that  the  apparatus 
be  kept  clean  from  any  liquid  of  the  kind  whose  vapor  pressure 
is  being  determined.  The  stoppers  must  be  removed  from  the 
apparatus  as  soon  as  the  experiment  is  completed.  If  they  are 
left  for  long  periods  in  the  flask  containing  a  Volatile  liquid,  its 
vapor  may  penetrate  the  connecting  tubes  and  rubber  connec- 
tions, causing  trouble. 

Specific  Directions  for  Measuring  the  Vapor  Tension 
OF  a  Liquid 
(a)  Fill  a  container  with  a  measured  quantity  of  liquid. 
(6)    Place  it  in  the  support  attached  to  the  right-hand  stopper 
and  insert  the  stoppers  in  the  flasks. 


(e)  Put  the  apparatus  in  the  water  bath.  Open  both  stop- 
cocks to  the  air  in  order  to  bring  the  pressures  in  both  flasks 
to  atmospheric,  then  open  the  manometer  stopcock  and 
close  the  other  two 

(d)  Read  the  manometer  levels,  estimating  with  the  eye  to 
tenths  of  millimeters,  at  5-minute  intervals  until  the  read- 
ings are  constant. 

(e)  Break  the  container. 

(/)  Read  the  manometer  levels  at  intervals  until  they  are  con- 
stant. 

(g)  Close  the  manometer  stopcock,  open  the  other  stopcocks, 
remove  the  stoppers,  and  clean  the  apparatus. 

(/t)  Read  the  temperature  of  the  bath  and  the  barometer  pres- 
sure. 

The  difference  between  the  final  and  initial  readings  gi\-es 
the  vapor  tension  from  the  liquid  in  terms  of  the  manometer 
liquid.  If  the  absolute  value  of  this  pressure  is  desired,  cer- 
tain obvious  corrections  nmst  be  applied.  The  largest  of 
these  arises  from  changes  of  air  pressure  in  the  two  flasks 
caused  by  the  movement  of  the  manometer  liquid.  This 
correction  is  of  special  importance  wiien  a  light  liquid  i.-  em- 
ployed and,  in  some  cases,  may  amount  to  25  per  cent  of  the 
total  reading. 

The  following  measurements  carried  out  on  the  tension  of 
light  oil  from  a  sample  of  stripped  oil  from  a  well-operated 
American  plant  will  iUustrate  the  method: 


Mill. 
0  (Put  apparatus  in  bath) 


30  (.-Apparatus  at  equilibrium  and  ready  for 
experiment) 
0  (Broke  bulb  of  oil  in  flask) 


1.5 

Pressure  developed 

Correction  for  changes  in  air  pressures  in  flasks 

Total  pressure 

Pressure  in  millimeters  of  mercury 

Diffusion  of  V.^vpors  and  Its  Rel.\tion  to  Absorption 
Processes 
Tiie  rates  at  which  vapors  are  disseminated  by  true  tlift'u- 
sion  and  bj'  convection  currents  are  very  different,  a.s  the 
following  striking  experiment  will  illustrate: 

Fi.x  firmly  in  one  of  the  supports  a  container  completely  open 
and  unrestricted  at  the  top.  Fill  this  with  a  volatile  liquid  to 
within  a  few  millimeters  of  the  brim  and  leave  it  unsealed.  Then 
lower  the  stopper  gently  into  place  in  the  flask.  It  w-ill  be  found 
that  the  development  of  pressure  is  surprisingly  slow.  Now 
break  the  lower  stem  of  the  container,  thus  allowing  the  liquid 
to  flow  over  the  bottom  of  the  flask.  The  usual  rapid  develop- 
ment of  pressure,  caused  mainly  by  convection  currents,  will 
result. 

It  is  well  known  that  the  e\-aporation  of  a  liquid  into  a  gas 
at  rest  is  determined  principally  by  the  rate  of  diffusion  of 
its  vapor  tlu-ough  the  gas  which  Ues  above  it,  and  simU.ar 
considerations  must  apply  to  the  absorption  of  its  vapor 
into  a  nonvolatile  medium.  It  would  reasonably  follow 
that  the  rates  at  wiiich  two  vapors  are  simultaneously  ab- 
sorbed from  a  gas  into  another  medium  must  be  somewhat 
influenced  by  the  difference  in  their  rates  of  diffusion  in 
the  gas.  This  difference  is  greater  than  that  between  their 
rates  of  diffusion  separately  in  the  gas,  according  to  the 
curious  law,  first  pointed  out  by  Graham,  that  the  mo^-e- 
ment  of  the  faster  is  accelerated  and  that  of  the  slower 
retarded  in  simultaneous  diffusion. 

Of  course,  if  equilibrium  were  reached  at  each  point  in  the 
absorption  system,  Raoult's  law  and  the  law  of  partial  pres- 
sures would  hold.  On  the  other  hand,  if  equilibrium  is  not 
attained,  there  should  be  a  tendency  for  the  heavier  and  less 
diffusible  vapor  to  be  retained  in  the  gas.  It  will  be  readily 
seen  that  such  an  effect  would  oppose  selective  absorption. 


ressure 

in    Millimeters 

of  Oil 

(Sp.  Gr..  O.SH) 

No.  1 

No.  2 

3   1 

1..-. 

1.7 

1.2 

0.7 

0.11 

0.4 

0.4 

0.2 

0.1 

0.1 

0.0 

0.0 

on 

0.0 

0.0 

3.6 

3.3 

3.7 

3.9 

3.8 

4.1 

3.9 

4.2 

3.9 

4   2 

0.9 

0  9 

4.S 

5.1 

0.30 

0.32 
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Testing  Efficiency  of  Benzene  (Light  Oil)  Scrubbehs' 

If  selective  absorption  of  the  various  light  oil  \-apors  took 
place  to  any  great  extent  in  an  ordinary  scrubber,  then 
the  relative  proportions  of  the  constituents  of  the  light 
oil  in  the  absorbent  oil  would  vary  at  different  points,  the 
higher  boiling  constituents  predominating  in  the  first  part  of 
the  washing  system.'' 

The  selective  absorption  effect  is  much  less  than  might  be 
cxiwcted,  and  perhaps  this  can  be  explained  by  the  diffusion 
effect  pointed  out  above.  But  whatever  the  explanation,  the 
tact  remains  that  in  an  ordinary  light  oil  scrubber  the  ben- 
zene and  toluene,  to  a  certain  extent,  are  absorbed,  not  in  in- 
\-erse  proportion  to  their  volatiUty,  but  as  a  whole.  It  re- 
quires prolonged  contact  between  the  absorbing  medium  and 
the  gas  to  effect  a  separation  of  the  two  vapors.' 

For  this  reason  \'apor  pressure  measurements  can  be  suc- 
cessfully applied  to  the  control  of  light  oil  scrubbers  in  the 
following  ways: 

1 — The  relative  efficiencies  of  the  different  units  can  be  com- 
pared by  measuring  the  tension  of  light  oil  from  samples  of  wash 
oil  taken  from  various  points  in  the  system. 

2 — The  measurements  in  No.  1  can  be  checked  by  measuring 
the  pressure  of  the  residual  light  oil  in  the  gas  at  these  same 
points. 

3 — The  efficiency  of  the  stripping  still  can  be  checked  by 
measurements  of  the  tension  of  light  oil  from  the  debenzeneized 
oil.  This  is  an  important  measurement  because  no  amount  of 
scrubbing  will  ever  reduce  the  benzene  content  in  the  gas  below  a 
pressure  equal  to  the  tension  of  light  oil  from  the  debenzeneized 
oil. 

The  measurement  of  the  vapor  tension  of  light  oil  from 
an  absorbent  oil  is  a  comparatively  easy  matter  and  has  al- 
ready been  described. 

Comparative  measurements  of  the  total  pressure  of  light  oil 
in  the  gas  at  various  points  in  the  system  are  carried  out  in  the 
following  manner:  Into  each  flask  of  the  vapor  pressure  ap- 
paratus is  put  a  sealed  container  filled  with  an  accurately 
measured  quantity  of  liquid  benzene.  (It  is  recommended 
that  the  volume  of  benzene  used  be  one  one-hundredth  of  the 
volume  of  each  flask.)  One  flask  of  the  apparatus  is  then 
filled  Avith  the  gas  to  be  analyzed  and  the  otiier  is  left  full  of 
air.  When  tlie  two  containers  are  broken  simultaneously, 
the  differential  pressure  which  de\-elops  between  the  two 
flasks  is  proportional  to  the  vapor  pressure  of  light  oil  origi- 
nally present  in  the  gas.  The  theory  of  these  measurements 
has  already  been  dealt  with  in  previous  publications.^  The 
wTiters  failed,  however,  to  lay  enough  stress  on  the  importance 
of  measuring  eqiial  volumes  of  benzene  into  the  containers 
in  each  experiment  and  of  preser\ing  the  same  ratio  between 

<  Cantello,  Call.  Chem.  Met..  6,  196  (1922). 
'  Sperr,  Gas  Age,  41,  393  (1918). 
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4.3 

4.2 

Poor  oil 

From  Hirzel  still 

3.0 

the  volumes  of  benzene  and  of  the  flasks  in  separate  experi- 
ments. 

In  1917  tests  were  carried  out  with  this  apparatus  on  a 
light  oil  recovery  plant  operating  under  war  conditions  on 
coke-oven  gas  in  Canada.  The  absorption  system  comprised 
six  large  washing  towers  of  tiie  hurdle  type  in  series,  through 
which  the  gas  and  wash  oil  were  passed  in  countercurrent 
contact.  In  1918  further  tests  were  carried  out.  During 
the  intervening  period  centrifugal  sprays  had  been  introduced 
before  each  of  the  first  three  towers  in  a  vain  attempt  to 
increase  the  recovery. 

The  experienced  operator  of  a  modern  benzene-recovery 
plant  will  at  once  perceive  that  this  was  a  very  inefficient  re- 
covery unit,  and  indeed,  in  view  of  the  results  obtained  from 
these  tests,  radical  changes  were  planned  in  it  which  were  only 
cut  short  by  the  armistice. 

A  summary  of  the  results  from  these  tests  is  given  in 
Table  I. 

Discussion  of  Results 

Through  the  greater  part  of  the  absorbing  sj'stem,  the  vapor 
tension  of  light  oil  from  tiie  wash  oil  was  nearly  equal  to 
the  partial  pressure  of  light  oil  in  the  gas  at  the  corresponding 
point.  Indeed,  the  wash  oil  in  the  third  tower  actually  gave 
up  benzene  to  the  gas,  a  condition  which  was  traced  to  its 
relatively  higher  temperature  there. 

In  spite  of  the  superabundance  of  washing,  a  large  part  of 
the  benzene  passed  through  the  towers  uuabsorbed.  Tliis 
condition  was  caused  by  the  inefficiency  of  the  stripping 
(Hirzel)  still,  which  left  a  large  percentage  of  light  oil  in  the 
poor  or  debenzeneized  oil.  No  amount  of  washing  will  ever 
compensate  for  inefficiency  in  the  stiU. 

The  quality  of  coke-oven  gas  delivered  to  this  plant  varied 
much  in  quality.  On  May  13  the  superintendent  was  an- 
noyed by  the  small  output  of  light  oil,  whereas  on  the  17th 
the  yield  was  excellent.  As  will  be  evident  from  the  table, 
these  discrepancies  were  c'aused,  not  by  any  change  in  the 
efficiency  of  the  benzene-recovery  unit,  but  by  variations  in 
the  quality  of  the  gas. 

Gasoline  .a.nd  Solvent  Recovery 

;Many  of  the  principles  of  benzene  recovery  are  embodied  in 
processes  for  the  recovery  of  gasoline  from  natiu-al  gas  or  still 
vapors.  There  is,  however,  this  difference,  that  the  benzene 
is  rather  sharph'  defined  from  the  other  constituents  of  coke- 
oven  gas  in  chemical  and  physical  properties,  whereas  the  di- 
viding fines  between  the  constituents  of  natural  gas  are 
much  less  clearly  marked,  and  the  properties  of  the  gasoline 
are  greatly  influenced  by  the  methods  of  recovery.  However, 
a  study  of  the  vapor  pressures  involved  cannot  fail  to  throw 
light  on  any  system  for  gasoline  or  solvent  reco\'ery. 

)  OF  A  Light  Oil-Recovery  Plant 
ly  17,  1918  May  IS,  191S 


10.3  (3.3) 
(4.3) 


In  the  case  of  a  gas.  the  figures  represent  the  total  partial  pressures  of  the  light  oil  vapors  in  millimeter  of  mercury;  in  the 
apor  tensions  of  light  oil  in  millimeter  of  mercury.  The  figures  in  parenthesis  indicate  partial  pressures  of  pure  benzene  (CeHo). 
The  table  shows: 

1 — That  the  light  oil  content  of  the  cote-oven  gas  varied  from  day  to  day. 

2 — That  no  absorption  was  taking  place  in  Towers  3,  4,  and  o. 

3 — That  about  one-third  of  the  light  oil  passed  through  the  scrubbing  system  unabsorbed. 


5.4 
(4.2) 


(2.4)J--3 
)il  they  refer  tc 
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Preliminary  Examination  of  Water  Samples" 

Calcium  and  Sulfate  by  Turbidity  and  Hardness  by  the  Soap  Method 

By  W.  D.  Collins  and  Margaret  D.  Foster 

U.  S.  Geologicai,  Survey,  Department  or  the  Interior,  Washington,  D.  C. 


IN  a  laboratory  where 
samples  of  water  re- 
ceived for  analysis  may 
contain  from  25  to  25,000 
parts  per  million  of  dis- 
solved mineral  matter,  it  is 
well  worth  whUe  to  make 
a  preliminary  examination 
before  proceeding  to  evap>- 
orate  the  part  of  the  sam- 
ple that  is  to  be  used  for 
the  complete  mineral  analy- 
sis. The  preliminary  exam- 
ination ordinarily  involves 
the  determination  of  the 
acid  radicals  present  in  con- 
siderable quantities  and  the 
calcium  and  magnesium  or 
their  equivalent.  From 
these  results  it  is  possible 
to  calculate  the  sodium 
needed  to  balance  the  anal- 
ysis and  thus  have  rouglily 
a  complete  analysis. 

In  most  natural  waters  the  only  acid  radicals  to  be  con- 
sidered are  chloride,  sulfate,  and  bicarbonate  or  carbonate. 
Only  a  few  waters  contain  enough  nitrate  to  enter  into  the 
calculation  of  the  quantity  of  sodium,  or  to  cause  the  solu- 
tion of  platinum  when  the  waters  are  evaporated  with  hydro- 
chloric acid  in  a  platinum  dish.  It  is  always  well,  however, 
to  determine  the  nitrate  before  the  acidified  sample  is  evap- 
orated. The  regular  methods  for  the  titration  of  chloride 
and  bicarbonate  are  sufficiently  rapid  to  serve  for  the  pre- 
liminary examination.  Sulfate  is  the  only  acid  radical  for 
which  a  special  method  must  be  used  in  the  prelimmary  ex- 
amination. 

The  determination  of  total  hardness  of  a  water  by  the  soap 
method  gives  a  measure  of  the  combined  calcium  and  mag- 
nesium and  serves  as  a  basis  for  calculation  of  the  sodium. 
A  turbidimetric  determination  of  calcimn  takes  less  time  than 
a  soap  test  and  often  is  sufficient  for  determining  the  quantity 
of  a  sample  to  take  for  evaporation. 

In  order  to  have  definite  data  in  regard  to  the  reliability 
of  simple  turbidimetric  sulfate  and  calcium  determinations 
and  the  soap  test  as  apphed  in  regular  laboratory  work, 
these  three  tests  were  made  on  each  of  a  series  of  one  hundred 
seventy-four  samples  which  were  analyzed  in  the  Water 
Resources  Laboratory  of  the  U.  S.  Geological  Survey  over 
a  period  of  about  a  year.  The  results  of  these  tests  as  dis- 
cussed below,  and  as  shown  in  Figs.  1,  2,  and  3,  demonstrate 
the  usefulness  of  the  methods  for  preliminarj'  examinations. 
The  data  show  clearly  that  the  methods  as  used  cannot  be 
trusted  to  give  results  that  can  be  used  in  place  of  regular 
analj'tical  determinations.  If  greater  accuracy  is  desired 
without  making  a  complete  analysis,  it  can  be  obtained  by 

'  Received  May  4,  1923. 

•  Published  by  permission  of  the   Director,  U.  S.   Geological  Survey. 
'  Collins,  "Field  Examination  of  Water,"  special  circular,  U.  S.  Geol. 
Survey,  March,  1922. 


The  preliminary  examination  of  a  water  sample  will  sace  time 
in  making  a  complete  mineral  analysis,  and  may  show  that  a  com- 
plete analysis  is  not  necessary.  The  examination  will  include 
titrations  of  chloride  and  alkalinity  by  the  usual  methods,  turbid- 
imetric determinations  of  sulfate  and  calcium  by  comparison  with 
standards  in  test  tubes,  and  sometimes  a  determination  of  hardness 
by  the  soap  method. 

The  turbidimetric  tests  are  made  with  volumes  of  10  cc.  for  the 
sample  and  standards.  For  the  sulfate  precipitation  I  cc.  of  acid 
barium  chloride  solution  is  used  {48  cc.  of  hydrochloric  acid,  specific 
gravity  1.19.  and  100  grams  of  BaCh.2HX>  in  I  liter).  For  calcium 
I  cc.  of  acetic  acid  {equal  parts  of  99.5  per  cent  acid  and  water)  is 
added,  the  solution  is  shaken,  I  cc.  of  potassium  oxalate  solution 
{0.2  gram  K^C^^.O*  per  cc.)  is  added,  the  solution  is  shaken  again 
and  after  10  minutes  the  turbidities  are  compared. 

Tests  of  one  hundred  seventy-four  waters  varying  in  composition 
over  a  wide  range  show  that  the  preliminary  results  for  sulfate,  cal- 
cium, and  hardness  are  reasonably  close  to  the  results  obtained  in 
the  complete  analysis.  In  general,  the  error  is  likely  to  be  about 
10  per  cent  of  the  quantity  determined,  and  may  be  plus  or  minus. 
For  preliminary  examinations  or  for  field  work'  this  accuracy  is 
sufficient. 


using  the  rapid  methods 
described  by  Hale,*  or  by 
using  the  turbidimeter  in 
the  determination  of  sulfate 
and  calcium.  The  turbid- 
imetric determinations  de- 
scribed below  are  made 
without  the  turbidimeter 
and  require  only  10  cc.  or 
less  of  the  sample. 
Sulfate 
Estimation  of  quantities 
of  sulfate  by  the  turbidity 
produced  on  the  addition 
of  barium  chloride  to  an 
acidified  solution  is  proba- 
bly one  of  the  oldest  of  the 
simple  rapid  quantitative 
methods.  A  number  of 
authors*  have  described  va- 
rious ways  of  increasing  the 
accuracy  of  the  turbidimet- 
ric determination  of  sul- 
fate, and  it  is  probable  that 
in  many  laboratories  where  large  numbers  of  routine  sulfate  de- 
terminations are  made  the  results  obtained  with  the  turbidim- 
eter are  as  accurate  as  gra\'imetric  results.  Such  accuracy 
is  not  generally  found  in  the  results  of  turbidimetric  deter- 
minations of  sulfate  in  miscellaneous  samples  of  water,  nor 
is  it  necessary  in  prehminary  examinations.  Equally  useful 
results  are  obtained  by  the  simple  procedure  outlined  below. 


IS ^^_?__^_ — .^_!_L.l-^ -,1 -. ^ 
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Fig.  1 — Errors  in  Determinations  of  Sclfate  by  Tdrbidity 

Samples  of  10  cc.  are  taken  in  test  tubes  (100  X  10  mm.) 
and  standards  are  made  up  containing  from  0.05  to  0.35  mg. 
of  sulfate  (SO4)  in  10  cc.  To  each  tube  is  added  1  cc.  of  an 
acid  solution  of  barium  chloride  (4S  ec.  of  hydrochloric  acid 
of  specific  gra\aty  1.19  and  100  grams  of  BaCl;.2H20  in  1 

«y.  Am.  Chem.  Soc.  29,  1078  (1907). 

»  Hinds,  Ibid.,  18,  661  (1896);  22,  269  (1900).-  Jackson,  Ibid.,  23,   799 
(1901);    Muer,  This  JouRNAU,  3,  553(1911). 
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liter).  The  tubes  are  shaken  vigorously  and  the  turbidities 
compared  by  looking  through  the  depth  of  the  liquid  at  a 
black  background.  If  the  sample  contains  over  35  parts  per 
million  of  sulfate,  a  smaller  portion  is  diluted  to  10  cc.  with 
distilled  water.  If  the  sulfate  is  over  700  parts  per  million, 
a  dilution  is  made  and  the  proper  quantity  of  the  diluted  sam- 
ple is  taken  for  the  determination. 


I  J S - .. ^J^ 5 — .!_-! 1 . 

5  "%.'""    '        ^ 


Fig.  2 — Errors  in  Dbtbruinations  op  Calcium  by  Turbidity 

Fig.  1  shows  the  differences  between  the  sulfate  found  by 
the  rough  turbidimetric  method  and  the  quantity  found  by 
the  regular  gravimetric  method  in  the  course  of  the  complete 
analysis.  The  complete  analyses  all  balanced  well  enough 
to  indicate  that  the  differences  were  due  almost  entirely  to 
the  error  of  the  turbidimetric  comparisons.  The  points 
which  represent  10-cc.  samples  show  the  actual  quantity  of 
sulfate  determined  by  analysis  plotted  against  the  difference 
between  this  quantity  and  that  determined  by  turbidity. 
For  the  points  representing  samples  of  5  cc.  the  analjrtical 
result  has  been  divided  by  2  and  plotted  against  half  the 
difference  between  the  gravimetric  and  turbidimetric  re- 
sults. Similar  reduction  has  been  made  for  the  smaller 
samples. 

The  average  of  the  percentage  differences  for  all  the  sam- 
ples is  16  per  cent  of  the  analytical  results.  For  the  seventy- 
seven  samples  of  10  cc.  the  average  difference  of  22  per  cent 
corresponds  to  only  2.4  parts  per  million  of  sulfate  (SO4), 
which  is  of  no  practical  significance.  An  average  difference 
of  12  per  cent  for  the  fourteen  samples  of  0.5  cc.  represents 
an  average  difference  of  50  parts  per  million  of  sulfate,  which 
is  considerably  more  than  the  allowable  error  in  the  gravi- 
metric determination  of  from  350  to  700  parts  per  million  of 
sulfate.  The  turbidimetric  determination  of  sulfate  in  test 
tubes  is  thus  shown  to  be  sufficiently  accurate  for  a  prelim- 
inary e.xamination  of  a  water  sample,  but  not  reliable  enough 
to  take  the  place  of  a  gravimetric  determination.  It  calls 
for  no  special  apparatus,  is  rapid,  and  requires  only  a  small 
sample,  which  is  sometimes  an  important  consideration. 

Calctom 

Although  the  turbidimetric  determination  of  calcium  after 
precipitation  with  ammonium  oxalate  in  neutral  solution  was 
reported  by  Hinds^  to  give  accurate  results,  the  method  has 
not  been  found  generally  applicable  to  natural  waters.  A 
number  of  experiments  were  made  with  oxalic  acid  and  po- 


tassium oxalate  to  find  the  proportions  which  would  give 
the  most  accurate  turbidimetric  determination  of  calcium, 
but  the  best  proportions  of  these  reagents  did  not  give  results 
of  the  accuracy  of  the  turbidimetric  determination  of  sulfate. 
When  acetic  acid  was  substituted  for  oxaUc  acid  much  better 
results  were  obtained.  The  results  of  a  large  number  of 
tests  with  different  quantities  of  the  reagents  led  to  the  se- 
lection of  the  details  of  the  method  given  below. 

Samples  of  10  cc.  of  the  water  to  be  tested  are  taken  in 
test  tubes  and  standards  are  prepared  in  other  tubes  con- 
taining in  10  cc.  from  0.04  to  0.24  milhgram  of  calcium. 
To  each  tube  1  cc.  of  acetic  acid  (equal  volumes  of  99.5 
per  cent  acid  and  water)  is  added  and  the  contents  are  well 
shaken.  After  the  addition  of  1  cc.  of  potassium  oxalate 
solution  (containing  0.2  gram  K2C2O1)  the  tubes  are  again 
shaken.  The  turbidities  are  compared  after  10  minutes. 
The  relative  turbidities  are  quite  constant  for  3  or  4 
hours,  so  it  is  not  necessary  to  make  the  comparison  at 
once.  The  upper  limit  for  the  determination  of  calcium 
as  described  is  about  24  parts  per  miUion.  Samples  of  less 
than  10  cc.  are  taken  for  the  more  concentrated  waters,  as 
is  done  for  sulfate,  and  the  volumes  made  to  10  cc.  before  the 
addition  of  reagents. 

The  differences  between  the  analytical  results  and  the  tur- 
bidimetric results  for  calcium  in  one  hundred  seventy-four 
samples  of  water  are  shown  in  Fig.  2.  The  differences  and 
the  analytical  results  are  divided  by  the  appropriate  factors 
for  the  samples  of  which  less  than  10  cc.  were  used  for  the 
turbidimetric  determination.  It  is  evident  that  the  accuracy 
is  about  the  same  as  for  the  determination  of  sulfate.  The 
average  percentage  error  is  19  per  cent  of  the  analytical  result. 
The  error  of  28  per  cent  for  the  sixty-eight  samples  of  10  cc. 
corresponds  to  an  average  error  of  2.2  parts  per  million  of 
calcium,  which  is  not  generally  of  any  significance. 

The  results  shown  in  Fig.  2  make  it  plain  that  the  tur- 
bidimetric method  described  is  sufficiently  accurate  for  a  pre- 
hminary  determination,  but  cannot  be  depended  upon  to 
give  results  that  can  be  used  with  the  same  confidence  as  the 
results  obtained  by  the  ordinary  analytical  methods. 

Hardness 

The  soap  method  for  hardness,  practically  as  originally 
devised  by  Clark,  ^  is  recognized  in  all  texts  as  useful  for  ap- 
proximate determinations.  Some  of  the  criticisms  of  the 
method  have  been  based  on  results  obtained  with  details  of 
manipulation  different  from  those  generally  recommended, 
and  therefore  do  not  apply  to  the  method  as  now  used. 
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Fig.  3 — Errors  in  Dbterminations  of  Hardness  by  Soap  Method 

In  the  preliminary  examination  of  the  one  hundred  seventy- 
four  samples  for  which  sulfate  and  calcium  were  determined 
by  turbidity,  the  hardness  was  determined  by  following  every 

'"Repertory  of  Patent  Inventions  for  1841,"  London,    1849;     Chem. 
Gaz.,  S,  100  (1847). 
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detail  of  tlie  soap  method  as  gi\en  in  Standard  Methods 
of  Water  .Analysis  of  the  American  PubUc  Health  .Association. 
If  the  hardness  of  a  sample  was  over  100  parts  per  million, 
le*s  than  50  cc.  were  taken  for  the  test  and  the  volume  made 
up  to  50  cc.  with  distilled  water. 

The  hardness  of  each  water  was  cidculated  from  the  cal- 
cium and  magnesium  determined  in  the  regular  analysis. 
The  difference  between  the  determined  and  calculated  hard- 
ness for  each  sample  is  plotted  against  the  calculated  hard- 


ness in  Fig.  3.  The  errors  for  determinations  above  100 
parts  per  million  have  been  di\ided  by  a  factor  corresponding 
to  the  quantity  of  water  used  in  the  soap  test,  as  was  done 
with  the  sulfate  and  calcium  results. 

It  is  evident  that  the  soap  method  for  hardness  is  more  re- 
liable than  the  rougli  turbidimetrie  methods  for  sulfate  and 
for  calcium.  The  average  percentage  or  ditference  between 
the  calculated  and  determined  hardness  for  the  one  hundred 
seventy-four  samples  is  8  per  cent  of  the  calculated  hardness. 


The  Titration  of  Hydrofluoric  and  Hydrofluosilicic  Acids  in 
Mixtures  Containing  Small  Amounts  of  Hydro- 
fluosilicic Acid' 

By  Paul  H.  M.-P.  Brinton,  Landon  A.  Sarver,  and  Arthur  E.  Stoppel 
Univessity  of  Minnesot.\.  MI^■^ 


THE  determination  of  hydrofluoric  and  hydrofluo- 
silicic acids  in  mixtures  of  the  two  has  been  m- 
vestigated  by  a  number  of  workers,"  and  the  problem 
is  of  considerable  importance  because  it  is  really  encomitered 
in  every  analysis  of  the  hydi-ofluoric  acid  of  commerce.  A 
study  of  the  method  given  by  Scott'  forms  the  subject  of  this 
paper. 

In  this  method  the  sample  of  the  mixed  acids,  to  which  has 
been  added  some  potassium  nitrate,  is  first  titrated  ice  cold 
with  standard  sodium  hydroxide,  using  phenolphthalein  as 
indicator;  and  then  the  titrated  solution  is  heated  to  about 
80°  C,  and  again  titrated  to  a  pmk  end  point.  The  reactions 
for  these  two  titrations  are  as  follows: 
For  the  cold  end  pomt : 

H.F.  +  2NaOH >  2XaF  +  2H,0 

HiSiFe  -I-  2KXO3  +  2XaOH  >  K.SiFs  +  2XaX03  +  2H,0 

For  the  hot  end  point : 

K^SiFe  +  4NaOH >  4XaF  +  2KF  -|-  Si(OH), 

From  the  equations  the  results  of  the  titrations  for  the  two 
acids  are  readily  calculated. 

Results  of  analyses  of  the  same  sample  made  in  three  differ- 
ent laboratories  by  this  method  showed  ^\^de  divergence. 
Not  only  were  the  final  results  at  variance,  but  there  was 
considerable  ditference  in  the  ease  with  which  the  end  points, 
particularly  in  the  cold  titrations,  could  be  detected.  In- 
vestigation of  the  causes  of  these  differences  has  led  to  the 
uncovering  of  sources  of  error  which  the  wTiters  believe  are 
responsible  for  the  dissatisfaction  with  the  method  which  has 
been  expressed  in  some  quarters. 

Weighing  of  Sample 

It  is  customary  in  many  laboratories  to  transfer  the  sample 
from  the  bottle  to  a  platinum  weighing  vessel  by  means  of  a 
lead  thief  or  lead  pipet.  The  TM'iters  noticed  in  some  of  their 
early  experiments  that  the  tip  of  the  lead  tube  became  cor- 
roded, and  found  that  if  the  tip  of  the  pipet  were  allowed  to 
touch  the  platinum  as  the  acid  was  flowing  from  the  tip,  a 
brisk  evolution  of  gas  occurred  and  the  lead  was  rapidly  at- 

^  Presented  before  the  Div 
the  65th  Meeting  of  the  A 
April  2  to  7,  1923. 

:  Guyot,  Compl.  rend..  71,  224  (18V0);  Katz,  Chem,  Zig.,  28,  356,  3S; 
(19041;  Greef,  Ber.,  46,  2.il  (1913):  Dinwiddie,  Am.  J.  Set.,  192,  421  (1916) 
Huddleston  and  Bassett,  J.  Chem.  Soc.    (London),  119,  403T  (1921). 

»  "Standard  Methods  of  Chemical  .-Vnalysis.'  1922,  p.  1019.  D.  Vai 
Nostrand  Co. 
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tacked  as  a  result  of  the  galvanic  couple.     If  the  lead  is  not 
allowed  to  touch  the  platmum  there  is  no  action. 

With  small  platinum  weighing  vessels,  even  if  opened  under 
alkah,  there  is  apt  to  be  loss  of  hydrogen  fluoride  vapors  when 
the  vessel  is  first  opened.  This  source  of  error  has  been  cor- 
rected by  weighing  the  sample  in  a  rubber  bottle'  which  has 
been  nearly  filled  wth  cracked  ice  and  then  weighed.  To 
overcome  the  change  of  weight  due  to  condensation  of  mois- 
ture on  the  cold  bottle  during  weighing,  the  bottle  is  weighed 
in  a  stoppered  weighing  bottle,  well  lined  vriih  asbestos  pajjer, 
and  counterpoised  bj-  a  weighing  bottle  of  similar  external 
form  on  the  opposite  balance  pan.  After  weighing,  the  bottle 
is  shaken  once  or  twice  to  absorb  any  vapors  of  hydrogen 
fluoride,  and  the  sample,  then  in  the  form  of  an  ice-cold,  dilute 
solution,  can  be  poured  and  rinsed  into  the  alkali  ^Nithout  loss. 

End  Point  and  Indicator 

Methyl  orange  caimot  be  used  because  of  the  weak  nature 
of  the  second  hydrogen  of  H;F;.  This  leads  to  the  formation  ■ 
of  acid  salts  as  intermediate  reaction  products,  which  have 
the  strength  of  weak  organic  acids.  Phenolphthalein,  how- 
ever, is  satisfactory'.  Scott'  suggests  as  the  end  point  for  the 
cold  titration  a  pink  that  will  persist  for  15  seconds.  It  is 
self-evident  that  an  alkali  solution  free  from  carbonate  must 
be  used,  for  e\-en  at  tliis  temperature  the  end  point  with 
phenolphthalein  when  using  a  solution  contaminated  with 
carbonate  is  not  onh'  misplaced,  but  is  also  faint  and  fleeting. 
If  the  solution  is  not  icecold  for  the  first  end  point,  the  color 
win  rapidly  fade  due  to  hydrolysis  of  potassium  fluosilicate. 
Katz»  has  suggested  that  tliis  hyckolysis  proceeds  much  more 
rapidly  in  the  presence  of  calcium  salts,  owing  to  disturbance 
of  equihbrium  due  to  formation  of  insoluble  calcium  fluoride, 
and  it  was  thought  that  perhaps  calcium  oxide  would  be  in- 
admissible as  a  reagent  for  removing  carbonate  from  the 
standard  alkali;  but  the  amount  of  calcium  oxide  which  can 
exist  in  a  sodium  hydroxide  solution  is  found  to  ha^e  a  negli- 
gible efi'ect. 

Effect  of  Silica  in  the  Stantjard  Alk.\li 

Apparently,  the  most  serious  source  of  error  in  the  use  of 
this  method  is  the  silica  content  of  ordinary  alkali  solutions. 
In  tracing  out  the  cause  of  the  divergence  in  the  anab^tical 
results  obtamed  in  tliree  laboratories  on  the  same  sample, 

*  Hard  rubber  bottles  of  O.o-ounce  capacity  have  been  found    very 
satisfactory  for  this  purpose. 

'  Chem'Zls..  28,  356  (1904). 
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it  was  found  that  one  alkali  solution  was  freslily  made,  one 
was  several  months  old,  and  one  was  two  years  old.  The 
carbonate  had  been  recently  removed  from  all  the  solutions  by 
calcium  oxide.  The  percentages  of  hydrofliiosilicic  acid 
reported  by  the  three  laboratories  were  1.54,  2.24,  and  5.52, 
in  the  order  of  the  ages  of  the  sodium  hydroxide  solutions.  A 
determination  of  the  silica  in  these  standard  alkali  solutions 
showed  that  they  contained  0.02,  0.07,  and  0.32  gram  of  silica 
per  liter,  in  the  order  of  their  ages.  Tests  with  standard 
alkali  solutions  intentionally  contaminated  with  silica,  by  the 
addition  of  varjdng  amounts  of  water  glass,  showed  that  the 
]3resence  of  this  silica  exerted  a  tremendous  effect  in  lowering 
the  api^aront  percentages  of  hydrofluoric  acid  and  increasing 
tliat  of  hydrofluosilicic  acid. 

Lots  of  sodium  hydroxide  made  from  sodium  metal  by  the 
action  of  water  vapor,  the  sodium  hydroxide  being  caught  in 
platinum  and  stored  in  bottles  lined  with  ceresin,  were  used 
by  the  analysts  in  the  different  laboratories,  and  the  former 
discrepancies  disappeared.  The  rapidly  fading  "cold  end 
points"  of  the  earlier  analyses  were  no  longer  in  evidence,  and 
sharp  end  points  in  which  the  pink  persisted,  not  for  15  sec- 
onds, but  for  from  1  to  4  minutes,  were  easily  obtained. 

Electrometric  titration  curves  obtained  in  a  hydrogen  elec- 
trode apparatus,  all  the  glass  parts  of  which  were  heavily 
paraffined,  showed  that  in  the  absence  of  silica  in  the  stand- 
ard alkali  solution  the  hj-drolysis  of  the  potassium  fluosihcate 
in  ice-cold  solution  was  sufficiently  slow  to  allow  a  ready 
reading  of  the  cold  end  point,  whereas  in  the  presence  of  ap- 
preciable amounts  of  silica  in  the  alkali,  the  change  in  the 
hydrogen-ion  concentration  on  standing  was  much  more  rapid, 
and  the  end-point  color  correspondingly  fleeting. 

In  order  to  determine  quantitatively  the  exact  effect  of 
silica  on  the  analyses,  a  series  of  standard  alkali  solutions  of 
varying  silica  content  were  made  from  sodium  metal,  with 
subsequent  additions  of  pure  sodium  silicate  which  had  been 
obtained  by  acidifying  sodium  silicate  solution  with  hydro- 
chloric acid,  boiling  oif  carbon  dioxide,  mixing  with  pure 
sodium  hydroxide  solution,  warming,  and  filtering.  The 
silica  content  of  these  standard  alkali  solutions  was  accurately 
determined  gravimetrically. 

Table  I — Rel.'vtion  of  Analytical  Results  to  Amounts  of  Silica  in 
Standard  Alkali  Solutions 


Grams 

Per  cent 

Per  cent 

SiO:  per  Liter  NaOH 

HF  Found 

HsSiFs  Found 

0.036 

51.01 

2.36 

0.180 

49. 7S 

4.05 

0.252 

48.84 

4.90 

0.396 

47.10 

6 .  .iS 

0.336 

45.89 

8.12 

The  importance  of  the  effect  of  silica  will  be  understood 
when  it  is  realized  how  rapidly  silica  is  taken  up  from  a  glass 
bottle  by  a  sodium  hydroxide  solution.  As  an  example,  a 
standard  alkali  solution  freslily  prepared  showed  0.020  gram 
of  silica  per  liter.  After  standing  less  than  four  months  this 
solution  showed  0.092  gram  of  sOica  per  liter,  which  would 
make  a  percentage  error  of  nearly  40  per  cent  in  the  amount 
of  hydrofluosilicic  acid  reported  in  that  particular  sample. 

It  will  be  seen  from  Table  II  that  the  silica  in  the  standard 
alkali  added  to  the  solution  up  to  the  cold  end  point  is  all  con- 
verted to  hydrofluosilicic  acid,  and  is  so  registered  in  the 
analysis — that  is,  the  silicon  tetrafluoride  first  formed  by  the 
action  of  the  hydrofluoric  acid  on  the  silica  is  completely  hy- 
drolyzed  to  fluosilicic  acid.  Naturally,  any  silica  in  the  al- 
kali added  after  the  cold  end  point  has  been  passed  would  not 
count,  because  there  would  be  no  free  hydrofluoric  acid  left 
to  react  with  it.  In  Table  II  all  samples  are  calculated  to  a 
1-gram  basis  for  ease  of  comparison. 

The  colunm  c—b  in  Table  II,  when  multiplied  by  100, 
gives  the  percentages  of  hydrofluosilicic  found  in  the  analy- 
ses after  deducting  the    amount    of    hydrofluosilicic    acid 


Table 

II 

(H 

(a) 

HjSiPo  Equivalent 

U) 

(c-b) 

SiO!  Added 

to  SiOi  Added 

HjSiFi  Found 

Corrected  HjSiFfc 

G. 

G. 

G. 

G. 

0. 001 82 

0.00436 

0.0236 

0.0192 

0 . 00883. 

0.02113 

0.0405 

0.0194 

0.01227 

0.02936 

0.0490 

0.0196 

0.01898 

0.04543 

0.0658 

0 . 0204 

0.02.542 

0.06082 

0.0812 

0.0204 

eriuivalent  to  the  silica  added  m  the  form  of  impurity  in  the 
standard  alkali.  These  percentages  run  from  1.92  to  2.04, 
which  for  this  determination  may  be  considered  a  satisfactory 
degree  of  concordance.  The  gradual  increase  in  the  per- 
centage of  (corrected)  hydrofluosilicic  acid  found  with  in- 
creasing amounts  of  silica  introduced  as  impurity  cannot  be 
definitely  explained  at  this  time,  but  it  is  doubtless  connected 
with  the  increasing  difficulty  of  detecting  the  cold  end  point  as 
the  amount  of  silica  increases.  It  should  be  noted,  however, 
that  with  the  lower  amounts  of  silica,  such  as  would  be  found 
ill  solutions  of  reasonable  freshness,  the  dcA'iation  is  ^'cry 
slight,  and  it  is  well  within  the  hmit  of  accuracy  of  the 
method. 

Conclusion 

In  conclusion,  if  accurate  results  are  desired  by  this  metliod, 
it  is  suggested  that  a  determination  of  silica  be  made  in  e^-en 
freslily  prepared  solutions  of  standard  alkali,  and  that  correc- 
tions be  applied  to  the  figures  found  for  the  two  acids.  One 
molecule  of  silica  will  react  with  six  molecules  of  hydrofluoric 
acid  to  form  one  molecule  of  hydrofluosilicic  acid.  There- 
fore, the  weight  of  silica  added  during  tlie  titration  up  to  the 
cold  end  point  should  be  multiplied  bj-  the  factor  HoSiFe/SiO;, 
or  2.393,  to  fuid  the  weiglit  of  hydrofluosilicic  acid  to  be  de- 
ducted from  the  weight  of  hydrofluosilicic  acid  found;  and 
by  the  factor  CHF/SiOs,  or  1.991,  to  find  the  weight  of  hy- 
tlrofluoric  acid  to  be  added  to  the  weight  of  hydrofluoric  acid 
found. 


Explosion  at  Bureau  of  Standard.s 

On  the  afternoon  of  September  20,  a  violent  explosion  followed 
by  fire  occurred  in  the  dynamometer  laboratory  of  the  Bureau 
of  Standards.  One  man  was  killed  instantly,  three  others  were 
injured  so  seriously  that  they  died  during  the  night,  and  four 
others  seriou.sly  burned  or  cut.  The  heroism  of  the  survivors 
of  the  staff  in  rescuing  the  injured  from  the  furiously  burning 
wreckage  and  in  shutting  off  the  electric  circuits  and  the  am- 
monia valves,  minimized  the  loss  of  life  and  property. 

The  explosion  occurred  in  the  altitude  chamber  which  is  used 
in  testing  the  performance  of  aircraft  engines  under  the  con- 
ditions of  low  pressure  and  temperature  obtaining  at  high  al- 
titudes. At  the  time  of  the  accident  the  room  was  being  used 
in  investigating  the  performance  of  an  automobile  engine,  at 
temperatures  corresponding  to  winter  operation,  using  various 
grades  of  gasoline.  The  work  was  intended  to  determine  the 
possible  increase  in  gasoline  production  per  barrel  of  crude 
oil,  with  the  accompanying  conservation  of  our  natural  resources, 
l5y  the  use  of  gasoline  of  lower  volatility.   . 

The  explosion  was  due  to  the  ignition  of  an  explosive  mixture 
in  the  chamber. 


The  dead  are: 

Logan  L.  Lauer 
Urban  J.  Cook 
Stephen  N.  Lee 
Joseph  Kendig 


The  injured  are: 

Henry  K.  Cummings 
Frank  E.  Richardson 
Roger  Birdsell 
George  W.  Elliott 
C.  N.  Smith 
R   F.  Kohr 


Most  of  these  men  were  college  graduates  with  experience 
and  skill  in  research  work,  and  a  grave  blow  to  science  and 
engineering  must  be  added  to  the  human  loss  to  their  families 
and  colleagues. 

Thus  grows  the  long  list  of  those  who  have  given  their  lives 
for  the  increase  of  human  knowledge  and  welfare. 
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The  Fourth  International  Congress  of  Chemistry 

Abstract  of  the  Minutes  of  the  Cambridge  Meeting 

By  Jean  Gerard,  General  Seckbtart 


THE  Fourth  International  Congress  of  Chemistry  was  held 
in  Cambridge,  June  17  to  20,  1923.  Sir  WUliam  Pope, 
president  of  the  Union  of  Pure  and  Applied  Chemistry  and 
professor  of  chemistry  of  the  University  of  Cambridge,  presided. 
The  program  included  meetings  of  the  council,  a  meeting  of  the 
general  assembly,  and  committee  meetings. 

The  council  met  the  day  after  an  extremely  cordial  reception 
by  the  British  Federal  Council  for  Pure  and  Applied  Chemistry, 
in  the  Arts  School,  to  take  up  the  question  of  new  admissions 
and  to  lay  out  the  program  of  the  general  assembly. 

The  admission  of  Brazil,  whose  government  had  applied  for 
membership  in  the  Union,  was  unanimously  carried.  The  presi- 
dent of  the  conference  brought  out  the  point  that  the  Inter- 
national Research  Council  does  not  allow  its  subsidiary  inter- 
national unions  to  accept  new  member-countries  without  these 
countries  being  first  admitted  to  the  International  Research 
Council.  The  countries  who  desire  to  be  admitted  to  the  Union 
must  therefore  send  a  request  for  admission  to  the  International 
Research  Council  and  mention  therein  their  desire  to  be  admitted 
to  the  International  Union  of  Pure  and  Applied  Chemistry. 

The  general  assembly  at  its  subsequent  meeting  approved 
the  report  of  the  president  on  the  acts  of  the  council  as  well  as 
the  report  of  the  auditor  on  the  accounts  for  the  fiscal  year  just 
closed,  and  approved  the  budget  for  the  present  year. 

The  second  part  of  the  meeting  was  devoted  to  the  assign- 
ment of  work  among  the  different  committees.  These  com- 
mittees, after  having  duly  met,  submitted  for  the  approval  of 
the  council,  resolutions,  of  which  a  resume  follows . 

I.  The  Committee  for  the  Reform  of  the  Nomenclature  of 
Inorganic  Chemistry  proposed  that  the  work  in  the  future  be 
placed  in  the  hands  of  the  editors  of  the  principal  journals,  and 
especially  those  of  the  Journal  of  the  Chemical  Society,  Chemical 
Abstracts,  Gazzella  chimica  italiana,  Helvetica  Chimica  Acta, 
Recueil  des  travaux  chimiques  des  Pays-Bas,  and  the  Bulletin  de 
la  societe  chimique  de  France. 

Each  country  is  to  send  its  suggestions  to  these  various  publi- 
cations, which  will  be  duly  qualified  to  submit  them  for  general 
discussion.  It  is  the  opinion  of  the  committee  that  when  nearly 
unanimous  agreement  has  been  reached  methods  could  be  de- 
vised to  insure  the  adoption  of  the  conclusions  so  that  these 
could  serve  as  a  basis  for  new  proposals. 

The  committee  deems  it  necessary  that  reports,  even  if  not 
complete,  be  sent  to  the  central  organ  as  soon  as  possible. 

The  decisions  emunerated  below  must  therefore  be  considered 
purely  provisional: 

1 — Regarding  the  unification  of  chemical  symbols  proposed 
for  Formula  Index,  the  committee  has  not  deemed  it  wise  to 
insist  immediately  on  its  own  authority  on  the  acceptance  of 
definite  symbols  for  glucinium  (Gl),  beryllium  (Be),  niobium 
(Nb),  or  columbium  (Cb).  The  committee  feels,  however,  that 
next  year  a  final  decision  must  be  reached,  after  due  consultation 
of  the  nations  represented.  There  are  two  points  to  be  con- 
sidered— the  original  names  and  the  original  symbols.  Other 
points  may  be  brought  up  for  consideration.  The  decision  on 
these  questions,  which  must  be  reached  before  January  of  next 
year,  will  be  communicated  to  the  delegates  who  will  sit  at  the 
next  session. 

2 — The  committee  feels  that  the  writing  of  formulas  of  acids, 
bases,  and  salts  in  each  country  should  conform  to  the  usual 
custom  in  any  particular  language — that  is,  in  the  countries  of 
Anglo-Saxon  languages  one  would  write  HCl,  H2S04,  BaCl2, 
Na2S04,  Ba(0H)2,  etc.,  whereas  in  the  countries  of  Latin  lan- 


guages one  would  write  CIH,  SO'H',  SO<Na^  BaCP,  (OHj'Ba, 
but  in  the  same  language  one  should  not  write  sometimes  ClNa 
and  sometimes  NaCl,  nor  sometimes  SO'Na*  and  sometimes 
NaaSOi. 

3 — The  word  "hydrate"  will  be  reserved  for  combinations 
containing  HjO — like  the  hydrate  of  chlorine,  Clj.rHsO;  the 
hydrate  of  sodium  sulfate,  NajSOi,  IOH2O.  The  word  "hy- 
droxide" will  be  reserved  for  chemical  combinations  containing 
OH — aluminium  hydroxide,  Al(HO)3;  barium  hydroxide, 
Ba(OH)2. 

4 — The  committee  accepts  the  names  of  acids  as  given  in 
the  French  report  when  these  agree  with  those  in  the  Danish 
and  American  reports. 

To  the  accepted  list  may  be  added  chromic  acid,  HaCrO*; 
molybdic  acid,  H2M0O4;  manganic  acid,  H2Mn04;  and  perman- 
ganic acid,  HMnOi. 

Those  parts  of  the  report  which  do  not  agree  will  form  the 
subject  of  subsequent  discussion — for  example,  hyposulfite 
(hydrosulfite  in  French),  pyrosulfuric  acid,  heptamolybdic 
acids,  etc. 

Condensed  acids,  like  pyrosulfuric,  heptamolybdic,  etc.,  will 
be  fully  discussed  later,  but  the  committee  feels  that  the  sug- 
gestion submitted  in  the  Spanish  report  to  designate  such  acids 
by  the  prefix  "anhydro,"  preceded  by  a  numerical  index  and 
followed  by  the  specific  name  of  the  acid  with  a  numerical 
prefix,  could  be  adopted  as  a  basis  for  discussion — for  example, 
chromic  acid,  H2Cr04,  dranhydro-^rjchromate  K2Cr30io;  iodic 
acid,  HIO3;  (fianhydro-Wraiodate,  M2I4O11,  etc. 

It  might  be  possible  for  certain  acids  which  stand  out  above 
the  others  on  account  of  the  large  number  of  their  derivatives, 
to  preserve  their  names — as,  for  example,  heptamolybdic  acid, 
which  applies  exclusively  to  the  hexacid  H6M07O24. 

5 — The  acid  salts  will  be  named  in  accordance  with  the  French 
report — for  example,  CaHP04,  calcium  acid  phosphate;  KHjPO*, 
dihydrogen  potassium  phosphate. 

6 — The  degree  of  valence  of  metals  in  spoken  language  would 
be  expressed  as  given  by  the  French  report  without  inconvenience 
for  any  country.  This  would  end  all  the  discussion  on  the  termi- 
nations -ous,  -ic,  -a,  -0,  etc.,  which  have  been  proposed  various 
times. 

7 — The  nomenclature  of  complex  compounds  on  which  a 
report  has  already  been  laid  before  the  second  congress  ought 
to  be  taken  up. 

II.  The  Committee  for  the  Reform  of  Nomenclature  in 
Organic  Chemistry  presented  the  following  resolutions : 

1 — The  committee,  organized  at  the  Lyons  congress  and  con- 
sisting of  the  editors  of  the  Journal  of  the  Chemical  Society, 
Chemical  Abstracts,  and  Bulletin  de  la  societe  chimique  de  France, 
will  be  increased  to  six  members  by  adding  to  it  the  editors  of 
the  Gazetta  chimica  italiana,  Helvetica  Chimica  Acta,  and  of 
Recueil  des  travaux  chimiques  des  Pays-Bas.  These  publications 
may  designate  a  representative. 

2 — The  question  of  nomenclature  under  discussion  will  be 
submitted  to  this  committee  of  six.  The  suggestions  emanating 
from  individuals  or  national  committees  or  committees  of 
chemical  societies,  will  be  submitted  to  this  committee. 

The  decisions  of  the  Committee  of  Six  must  be  unanimous. 
They  will  be  submitted  for  approval  at  a  meeting  of  the  Union. 

3 — The  Geneva  nomenclature  will  be  taken  as  basis  for  new 
discussions,  and  this  resolution  will  be  transmitted  to  the  Com- 
mittee of  Six. 

4 — The  Committee  of  Six  may  hold  a  special  meeting  for  the 
piu-pose  of  exchanging  opinions  and  facilitating  subsequent 
work. 

III.  The  Committee  on  the  Reform  of  the  Nomenclature  of 
Biological  Chemistry  adopted  the  following  resolutions  dealing 
with  the  most  general  names: 

1 — The  name  of  a  new  compound,  the  chemical  constituent 
of  which  is  known,  must  be  made  up  in  accordance  with  rules  of 
nomenclature  of  organic  chemistry. 
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2 — The  word  "glucid"  will  be  used  to  designate  the  group  of 
substances  which  comprises  the  simple  reducing  sugars  and 
substances  which  give  one  or  several  of  these  sugars  by  hydrol- 
ysis. 

3 — The  word  "lipoid"will  no  longer  be  used. 

4 — The  word  "lipide"  will  designate  the  group  of  substances 
which  comprises  the  fat  bodies  and  esters  which  possess  analo- 
gous properties  (lecithines,  phosphatines,  etc.). 

5 — The  word  "protide"  will  designate  the  group  of  substances 
which  comprises  the  natural  amino  acids  and  substances  which 
by  hydrolysis  give  one  or  more  of  these  acids. 

IV.  The*  Committee  on  Bibliography  passed  the  following 
resolutions; 

1 — That  the  secretary  of  the  Union  make  an  investigation  of 
the  bureaus  of  documentation  existing  at  the  present  time  and 
publish  a  list  of  these  bureaus  with  their  addresses,  their  special- 
ties, and  a  short  description  of  their  organization. 

2 — That  the  bureaus  of  documentation  unify  as  much  as  pos- 
sible their  methods  of  work  in  accordance  with  the  principles 
adopted  by  the  International  Institute  of  Bibliography  and  the 
Subcommittee  on  Bibliography  of  the  League  of  Nations. 

3 — That  the  Union  finance  the  printing  of  classification  tables, 
standardized  in  their  present  form  and  provisionally  revised, 
in  order  that  these  tables  can  be  submitted  to  the  critical  review 
of  competent  experts  in  various  countries. 

4 — That  each  country  make  a  list  of  the  journals  directly 
interested  in  pure  and  applied  chemistry  and  that  these  lists  be 
brought  together  and  distributed  by  the  general  secretary  of  the 
Union. 

5 — That,  in  view  of  the  resolution  of  the  Subcommittee  on 
Bibliography  of  the  League  of  Nations,  chemical  publications 
send  at  least  two  copies,  and  preferably  five  copies,  of  their  an- 
nual index  to  the  International  Institute  of  Bibliography  in  order 
that  this  institute  may  be  in  a  position  to  draw  up  the  Central 
Annual  Bibliographical  Index  of  Authors'  Names. 

6 — That  the  general  secretary  of  the  Union  make  every  pos- 
sible effort  to  persuade  those  publications  which  have  not  yet 
come  to  a  decision  to  conform  with  the  two  following  resolutions 
which  were  passed  at  the  previous  Congress: 

(1)  That  all  original  papers  in  chemistry  have  the  address  of 
the  author  or  that  of  the  laboratory  where  the  work  was  carried 
out. 

(2)  That  the  journals  give  a  resume  of  their  articles  in  one 
of  the  languages  accepted  by  the  editorial  board  of  the  Annual 
Tables  of  Constants,  in  such  a  form  that  it  could  be  published 
in  an  abstract  journal. 

V.  The  Committee  on  Physico-Chemical  Standards  passed 
the  following  resolutions: 

1 — That  the  committee  approves  the  financial  report  of  the 
Bureau  of  Physico-Chemical  Standards  for  the  fiscal  year  1922- 
1923. 

2 — That  it  is  the  desire  of  the  committee  that  the  Bureau  of 
Physico-Chemical  Standards  investigate,  through  circular  letters 
addressed  to  the  directors  of  the  research  laboratories,  what  are 
the  new  physico-chemical  standards,  the  preparation  of  which 
would  be  most  urgent.  The  results  of  such  an  investigation 
will  facilitate  coordinating  the  work  of  the  bureau. 

3 — That  in  the  opinion  of  the  committee  it  will  be  well  to 
ask  the  Bureau  of  Physico-Chemical  Standards  to  study  the  pos- 
sibilities of  obtaining  the  cooperation  of  certain  chemical  firms 
specializing  in  the  manufacture  of  pure  products,  and  to  submit 
to  the  next  congress  a  plan  to  obtain  such  a  cooperation. 

4 — That  the  committee  congratulates  Mr.  Timmermans, 
secretary  of  the  Bureau  of  Physico-Chemical  Standards,  on  the 
fruitful  and  extensive  work  that  he  has  carried  out  with  re- 
markable devotion.  The  committee  hopes  that  he  may  continue 
the  publication  of  the  critical  tables  of  physico-chemical  con- 
stants of  organic  compounds,  this  work  being  considered  by  the 
committee  of  an  importance  which  could  not  be  exaggerated. 

5 — That  the  committee  would  like  to  see  a  closer  cooperation 
between  the  Bureau  of  Physico-Chemical  Standards  and  the 
Committee  on  Pure  Products  for  Research. 

6 — That  the  committee  recommend  to  the  council  for  the 
fiscal  year  1923-1924  a  supplementary  appropriation  of  15,000 
francs. 

VI.  The  Committee  on  Pure  Products  for  Research,  in 
answer  to  the  question  asked  by  the  International  Oceanographic 
Association   of   the   Mediterranean,    replies   that   pure   sodium 


chloride  may  replace  standard  sea  water  for  the  volumetric  de- 
terminations actually  in  use  in  oceanographic  work. 

In  addition  the  committee  passed  the  following  resolutions : 

1 — That  the  list  of  pure  products  for  analytical  work  be  not 
made  up  untU  after  the  various  countries  represented  on  the 
committee  have  an  opportunity  to  discuss  the  matter  with  their 
analytical  chemists.  Nevertheless,  in  order  to  avoid  too  long 
a  delay  in  the  carrying  out  of  the  work  of  the  committee,  the 
list  of  reagents  enumerated  in  the  index  fTypes  of  the  Congress 
of  1922)  will  be  temporarily  adopted,  this  list  being  subject  to 
further  revision. 

2 — That  the  committee  instruct  its  members  to  organize 
during  the  months  following  the  meeting,  and  to  distribute 
among  the  various  members  of  the  committee,  or  among  the 
various  competent  persons  designated  by  the  committee,  the 
experimental  work  necessary  to  complete  the  international  list 
of  pure  products  for  analytical  work. 

3 — That  it  is  the  desire  of  the  committee  that  its  president 
put  himself  in  contact  with  the  members  of  the  Bureau  of  Physico- 
Chemical  Standards  with  a  view  to  finding  a  means  to  prevent 
the  same  reagent  from  being  classified  in  one  case  as  a  pure 
product  for  analysis  and  in  another  case  as  a  physico-chemical 
standard. 

VII.  The  Committee  on  the  Bibliography  of  Industrial  and 
Technological  Products  desires  that  the  bibliographical  work  on 
raw  materials  and  industrial  products,  such  as  has  been  begun 
by  the  central  office,  be  pushed  along  as  actively  as  possible  in 
every  state  represented  in  the  Union,  even  though  the  number 
of  manufactm"ers  cooperating  be  small. 

The  committee  requests  that  the  Bureau  of  Vegetable  Raw 
Materials,  which  is  actually  working  in  France,  be  incorporated 
in  the  Bibliographic  Bureau  of  Industrial  and  Technological 
Products.  The  above-mentioned  bureau  is  directed  and  sub- 
sidized by  the  French  Parliament  as  well  as  by  interested  manu- 
facturers. Its  object  is  to  complete  the  official  work  of  the  uni- 
versity in  bringing  together  all  information  on  the  origin  and 
quality  of  French  and  foreign  drugs  known  in  the  market. 

The  committee  requests  that  the  Musee  de  la  Faculte  de 
Pharmacie  de  Paris  and  the  Laboratoire  Central  d'Etudes  et 
d'Analyses  des  Produits  Medicamenteux  et  Hygieniques  (Lab- 
oratoire de  la  Commission  du  Codex)  be  incorporated  in  the 
central  office.  With  the  help  of  these  three  organizations  it  will 
be  possible  to  bring  together  the  bibliography  concerning  vege- 
table raw  materials  utilized  in  chemical  industry  in  the 
manufacture  of  drugs  and  perfumery.  The  name  of  these 
united  bureaus  shall  be  "Service  de  Documentation  sur  les 
Matieres  Premieres  et  les  Produits  Industriels"  (Bureau  of 
Bibliography  of  Raw  Materials  and  Industrial  Products). 

VIII.  The  Committee  on  the  Choice  of  a  Thermochemical 
Standard  took  note  of  the  decision  reached  by  the  Bureau  of 
Standards,  Washington,  that  the  benzoic  acid  prepared  by  this 
bureau  cannot  be  obtained  as  standard  substance  for  calori- 
metric  determinations  except  for  purely  scientific  purposes,  and 
that  it  becomes  therefore  necessary  to  employ  for  technical 
purposes,  in  the  determination  of  heats  of  combustion  of  solid 
and  liquid  fuels,  benzoic  acid  from  other  sources. 

The  committee  recommends,  nevertheless,  that  the  standard- 
izing of  calorimetric  bombs  be  carried  out  by  the  use  of  samples 
of  benzoic  acid  which  have  been  duly  approved  by  a  competent 
thermochemist.  The  committee  will  eventually  take  up  the 
question  of  drawing  up  necessary  instructions  for  the  approval 
of  such  samples. 

The  committee  deems  it  necessary  that,  in  converting  thermo- 
chemical data  determined  in  calories  into  absolute  units,  and 
vice  versa,  use  should  be  made  of  the  conversion  factor:  1 
calorie  15°  C.  =  1184  joules,  the  average  value  accepted  at  the 
present  time,  in  accordance  with  the  decisions  reached  in  1923 
by  the  International  Critical  Tables,  following  the  advice  of 
several  scientific  societies. 

IX.  The  Committee  on  the  Tables  of  Constants  imani- 
raously  passed  the  following  resolutions: 
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1 — That  the  Union  approve  the  financial  report  submitted 
by  the  Committee  on  the  Annual  Tables  of  International  Con- 
stants of  Chemistry,  Physics,  and  Technology  for  the  fiscal 
year  1922,  and  that  this  report  be  transmitted  to  the  Inter- 
national Research  Council. 

2 — That  the  attention  of  the  Union  be  called  to  the  fact  that 
the  following  countries  have  contributed  to  the  International 
Fund  created  in  1922;  Belgium,  Denmark,  Spain,  the  United 
States,  Great  Britain,  France,  Italy,  Norway,  the  Netherlands, 
Portugal,  Switzerland,  and  Czecho-Slovakia. 

Concerning  those  countries  which  do  not  appear  on  the  above 
list  but  whose  contribution  may  be  considered  as  practically  cer- 
tain the  Union  should  pass  a  resolution  to  the  effect  that  this 
should  be  made  with  the  least  possible  delay. 

3 — That  the  Union  should  take  cognizance  of  the  final  organi- 
zation of  the  International  Fund,  the  necessity  for  which  had 
been  recognized  in  Lyons  in  1922,  and  signify  its  appreciation 
of  the  value  of  the  annual  international  tables  as  a  bibliographic 
publication  indispensable  to  scientific  and  technical  progress. 

4 — That  the  Union  should  pass  a  resolution  recommending 
that  the  numerical  bibliography  of  the  years  1917-1922  be 
published  as  rapidly  as  possible  in  order  that  the  International 
Tables  of  Constants  and  Numerical  Data  resume  as  soon  as 
possible  its  annual  publication. 

The  committee  hopes  that  it  will  be  possible  for  the  com- 
mittee on  the  tables  to  carry  out  its  plans  with  the  help  of  the 
annual  subscription  open  for  that  purpose  under  the  patronage  of 
scientific  and  industrial  societies  of  the  adhering  countries. 

Regarding  physico-chemical  symbols,  the  committee  includes 
the  following  modifications; 

1 — The  second  part  of  the  list  of  symbols  should  have  for  its 
title  "General  Constants"  instead  of  "Universal  Constants." 

2 — In  the  third  part,  ninth  line,  "molar  fraction"  should  be 
substituted  for  "mol  fraction." 

o — Page  305,  fifth  part,  second  line,  the  symbol  ii  in  the  column 
"Alternative  Symbols"  should  be  omitted. 

4 — Fifth  part,  eighth  line,  replace  M{a)  by  il/  as  a  symbol  for 
molecular  rotatory  power. 

5 — Fifth  part,  last  line,  replace  M{oi)  by  (il)  as  a  symbol  for 
molecular  rotation. 

0 — Page  506.  third  line  from  bottom  of  page,  suppress  the 
words  "Soschmidts  Numbers." 

7 — Page  509,  in  paragraph  headed  "Entropy,"  second  line, 
suppress  the  words  "on  the  ground  that  this  symbol  was 
used  by  Willard  Gibbs,  and  also***" 

8 — Page  511,  in  accordance  with  general  custom  the  molec- 
ular rotation  is  defined  by  the  relation 


M  = 


M  X  (a) 

100 


The  employment  of  u  for  the  specific  magnetic  rotation  and 
Si  for  molecular  magnetic  rotation  is  recommended;  the 
molecular  magnetic  rotation  is  defined  by  the  relation 


_  M  X  M 
15 


In  the  alphabetical  list  these  changes  should  be  taken  into 
account. 
_  The  committee  proposes  to  appoint  a  subcommittee  for  the 
purpose  of  bringing  together  the  suggestions  leading  to  additions 
or  changes  in  the  list  of  symbols  and  to  put  forth  proposals. 
This  committee  will  be  headed  by  Professor  Cohen  and  will 
include  Messrs.  Findley,  Marie,  and  an  .'American  member  to  be 
appointed  by  the  National  Research  Council  of  the  United 
States. 

X.  The  Committee  on  Solid  Fuels  decided  to  complete  the 
work  undertaken  in  the  countries  adhering  to  the  Union  on  the 
nomenclature  of  solid  fuels,  as  well  as  on  the  methods  of  deter- 
mining their  essential  characteristics,  especially  the  volatile 
content,  the  calorific  power,  and  the  agglutinating  power.  The 
committee  insists  that  the  answers  should  reach  the  general 
secretary  before  Jaimary,  1925. 

XI.  The  Committee  on  Liquid  Fuels  decided  to  extend  the 
work  undertaken  on  the  nomenclature  of  different  groups  of 
liquid  fuels  as  follows;  petroleum  and  its  derivatives;  distilla- 
tion products  of  coal,  lignite,  peat,  wood  and  bituminous  shales; 
alcohol;  vegetable  oils. 


The  committee  requests  that  answers  reach  the  general  sec- 
retary before  January  1,  1925. 

XII.  The  Committee  on  the  Study  of  Ceramic  Products 
passed  the  following  resolutions: 

1 — That  the  Union  recommend  that  from  a  technical  and 
scientific  point  of  view  the  term  "ceramic"  be  employed  for  all 
industries  manufacturing  the  following  products; 

(a)  All  kinds  of  burned  clay  products,  such  as  stoneware, 
earthenware,  brick,  tile,  sewer  pipe,  terra  cotta,  china,  porcelain, 
etc. 

(b)  Cementing  materials,  such  as  Portland  cement  and  dental 
cement;  lime,  plaster,  and  a  variety  of  magnesia  and  gypsum 
products  whose  constituents  are  of  an  earthy  nature  and 
which,  after  a  preliminary  treatment  which  involves  a  calci- 
nation, acquire  the  property  of  "setting"  to  a  greater  or  less 
extent,  when  mixed  with  the  proper  liquids. 

(c)  All  varieties  of  glass  and  glassware,  including  quartz 
glass,  glazes,  enamels,  and  many  of  the  artificial  precious  stones. 

(d)  Enameled  metal  products,  where  the  enamel  itself  is  a 
ceramic  material  applied  to  the  metal  at  high  temperature,  'the 
metal  serving  only  as  a  skeleton  to  give  the  desired  form  and 
strength  to  the  glass  which  it  supports. 

(e)  Refractory  articles  or  materials,  either  wholly  or  partially 
composed  of  or  manufactured  from  clay,  silica  (in  its  various 
forms),  alumina  (bauxite),  magnesia  (magnesite),  lime,  chromite, 
asbestos,  zirconia,  mica,  the  rare  earths,  certain  carbides  and 
nitrides,  and  in  general  any  nonmetallic  product  capable  of 
withstanding  elevated  temperatures.  In  all  products  of  this 
class  it  is  evident  that  a  high  temperature  treatment  is  funda- 
mental. 

(/)  Abrasive  materials  such  as  carborundum,  alundum,  and 
zirconia  (and  by  association,  finely  divided  silica  and  emery), 
together  with  the  products  manufactured  from  them  by  bonding 
with  an  earthy  material. 

(g)  Various  electrical  and  thermal  insulating  products  in  the 
manufacture  of  which  earthy  materials  enter  as  an  important 
element. 

2 — The  committee  recommends  that  in  each  country  an 
exact  nomenclature  of  raw  materials  and  manufactured  products 
of  the  ceramic  industry  be  instituted  together  with  their  chief 
characteristics. 

3 — The  committee  proposes  unanimously  that  the  question  of 
the  choice  of  standards  of  various  earths  to  be  used  in  the  study 
of  chemical  and  physical  properties  of  refractory  materials,  as 
well  as  the  proposed  methodsof  studying  such  properties,  be  in- 
cluded in  the  program  of  the  next  congress. 

4 — On  the  proposal  of  M.  Henry  LeChatelier  and  M.  Capsa, 
members  of  the  committee,  the  committee  believes  that  the 
proposed  work  ought  to  be  done  by  various  laboratories  in  all 
countries,  and  it  hopes  that  this  work  will  be  carried  out  with 
the  same  raw  materials  in  order  to  reach  comparable  conclusions. 

It  is  the  opinion  of  the  committee  that  it  will  be  desirable  to 
agree  on  the  form  of  apparatus  to  be  employed  for  the  determina- 
tion of  dilatation  coefficients. 

•5 — The  committee  hopes  that  M.  Henry  LeChatelier  will  be 
willing  to  undertake  the  direction  of  the  necessary  researches 
and  look  after  their  proper  coordination. 

XIII.  The  Committee  on  Food  Preservation  passed  the 
following  resolutions ; 

1 — That  as  soon  as  possible  the  various  countries  belonging 
to  the  Union,  who  have  not  yet  appointed  a  delegate,  do  so  in 
order  that  the  membership  of  the  committee  be  completed. 

2 — That  the  subcommittee  of  five  members  composed  of 
Messrs.  Alsberg,  Bordas,  Paterno,  Pondal,  Voerman,  present  at 
the  next  congress  a  general  report  on  the  bibliography  w-hich 
has  been  gathered  up  to  the  present,  and  which  could  be  assem- 
bled from  now  until  then,  in  regard  to  all  matters  relating  to 
food  legislation  in  the  various  countries. 

3 — That  at  the  time  of  the  next  congress  the  delegates  of  the 
various  countries,  taking  into  consideration  the  legislation  in 
force  at  the  time,  present  their  conclusions  as  to  the  effects  of  em- 
ploying the  following  products  as  food  preservatives:  benzoic 
acid,  boric  acid,  salicylic  acid,  sulfurous  acid,  sulfates  and 
formaldehyde,  for  the  purpose  of  undertaking  a  systematical 
and  physiological  investigation  on  the  possibility  of  using  chemi- 
cal products  in  food  preservation. 

4 — That  the  chemists  of  all  nations  submit  opinions  concern- 
ing the  chemical  processes  of  food  preservation,  in  order  that 
steps  tending  towards  uniform  legislation  founded  on  experi- 
mental basis  be  initiated. 

5 — That  the  cooperation  of  the  "Laboratoire  International 
d'Analyse  des  Matieres  Destinees  d  I'Alimentation  des  Hommes 
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et  des  Animaux"  be  requested  for  the  researches  to  be  under- 
taken. 

XIV.  The  Committee  on  Scientific  and  Industrial  Owner- 
ship presented  the  following  resolutions: 

1 — The  committee,  considering  that  in  the  Latin  group, 
which  is  composed  of  countries  granting  patents  without  ex- 
amination, the  unification  of  legislation  appears  to  be  more 
capable  of  realization  than  in  the  others,  invites  these  countries 
to  get  together  as  soon  as  possible  with  the  idea  of  forming 
the  first  group  with  uniform  legislation. 

2 — Considering  that  the  original  purpose  toward  which  one 
must  work  should  be  to  permit  research  workers  to  protect  their 
discoveries,  and  considering  that  on  the  other  hand  research 
workers  cannot  carry  out  their  researches  in  secret,  but  must  on 
the  contrary,  be  able  to  publish  the  results  of  their  work  as  they 
are  obtained,  the  committee  resolved: 

That  it  is  inadmissible  that  one  should  oppose  to  the  holder  or  the 
applicant  of  a  patent  the  results  of  his  own  work  for  a  certain  period  of 
time  after  it  has  been  published. 

3 — The  committee  declares  that  a  purely  scientific  discovery 
should  be  legally  protected. 

4 — A  proper  definition  of  this  new  legal  right  will  be  studied 
by  the  committee. 

.5 — In  order  to  secure  the  coordination  of  all  efforts  the  presi- 
dent of  the  committee  is  appointed  as  a  delegate  to  the  Com- 
mittee on  Intellectual  Cooperation  of  the  League  of  Nations  and 
to  the  International  Chamber  of  Commerce  to  present  and  up- 
hold the  views  of  the  committee. 

X\'.  The  Committee  on  Industrial  Hygiene  passed  the  fol- 
lowing resolutions: 

1 — All  the  reports  submitted  on  the  question  of  dusts  should 
be  printed  and  distributed,  as  they  contain  matters  of  great 
interest  which  it  would  be  most  important  to  disseminate. 

2 — The  committee  requests  the  Council  of  the  International 
Union  to  give  a  prize  for  the  best  published  essay  on  smokes, 
gases,  fogs,  and  no.xious  vapors  to  be  met  with  in  manufacturing, 
their  elimination,  and  the  protection  against  their  effects.  The 
essays  submitted  should  be  general  and  descriptive  in  character, 
should  include  the  latest  progress  in  their  particular  subject,  and 
should  be  within  the  reach  of  the  general  reading  public. 

The  council  of  the  Union  should  undertake  their  distribution. 

The  committee  requests  that  the  council  of  the  L'nion  estab- 
lish a  prize  to  be  given  to  the  inventor  of  an  apparatus  of  recent 
construction  for  the  suppression  of  smoke.  In  case  no  recent 
inventor  could  be  found  the  prize  should  be  given  to  that  person 
who  had  done  the  greatest  amount  of  work  and  obtained  the 
best  results  on  the  problem  of  the  suppression  of  smoke. 

The  committee  requests  that  the  council  communicate  with 
all  chemists  specializing  in  this  particular  branch  in  order  to 
obtain  from  them  their  scientific  results  on  this  matter,  and  that 
they  also  furnish  exact  data  on  (a)  the  no.xious  effects  produced 
on  the  workmen  and  the  neighboring  communities  by  certain 
emanations,  and  (b)  the  means  employed  to  suppress  them. 

3 — The  committee  requests  that  each  nation  send  to  the  next 
congress  a  complete  report  on  the  legislation  concerning  indus- 
trial hygiene  in  its  own  territory.  This  report  should  include 
the  legal  matters  covering  differences  of  work  and  those  covering 
the  suppression  of  nuisances  to  neighboring  communities.  Each 
country  should  communicate  to  the  general  secretary  a  list  of 
the  administrative  organizations  charged  with  the  drafting  and 
enforcement  of  laws  and  regulations  concerning  industrial 
hygiene. 

■i — The  committee  requests  that  its  president  collect  informa- 
tion on  the  following  subjects: 

(a I  Methods  of  analysis  employed  in  the  determination  of 
the  quantity  of  hydrofluoric  acid  present  in  the  smokes  and  vapors 
where  it  is  likely  to  be  found,  especially  in  superphosphate 
manufacture. 

ibi  Determination  of  the  minimum  value  of  acidity  in  smokes 
when  these  have  been  discharged.  This  figure  is  fixed  in  Ger- 
many at  .5  grams  per  cubic  meter,  in  England  at  8  grams  per 
cubic  meter,  and  in  Italy  at  0  grams  per  cubic  meter,  expressed 
in  SO2.  The  committee  recommends  that  it  would  be  wise  to 
agree  on  a  figure  acceptable  to  all,  and  that  it  would  be  well  to 
obtain  agreement  on  the  method  of  determination  and  on  the 
method  of  expressing  this  figure. 

(c)  The  possibility  of  suppressing  offensive  odors  in  industry 
when  these  are  due  to  more  or  less  unknown  products  which 
cannot  be  condensed,  as,  for  example,  in  sewage  disposal,  slaugh- 
ter houses,  etc. 


o — The  committee  requests  that  at  the  next  congress  a  report 
be  made  on  all  methods  and  apparatus  intended  to  combat 
incipient  intoxication  from  poisonous  gases  in  factories. 

6 — The  bibliography  and  the  resolutions  of  the  committee 
should  be  communicated  to  the  Bureau  of  Hygiene  of  the  League 
of  Nations  and  to  the  International  Labor  Bureau. 

XVI.  The  Committee  on  Finance  passed  the  following 
resolutions : 

1 — The  committee,  after  having  examined  all  the  requests 
for  appropriations  made  by  the  various  committees,  records 
that  owing  to  the  present  state  of  the  finances  of  the  Union  it 
cannot  grant  all  the  requests  that  have  been  made. 

2 — As  a  supplementary  appropriation,  after  having  studied 
the  difficult  financial  situation  faced  by  the  Bureau  of  Physico- 
Chemical  Standards,  it  decided  to  grant  to  this  committee  for 
the  period  extending  from  April,  1922,  to  November,  1924,  the 
sum  of  7500  f ranees,  instead  of  15,000  francs  as  requested. 

The  Committee  on  Finance  finds  itself  restrained  by  the 
principle  that  the  contributions  from  the  countries  belonging  to 
the  L'nion  are  essentially  intended  for  the  administrative  ex- 
penses of  the  Union.  The  committee  requests  that  the  various 
committees  should  address  themselves  to  the  general  secretary 
for  all  matters  concerning  correspondence  and  printing. 

All  these  conclusions  and  resolutions  were  unanimously 
adopted  by  the  council  of  the  International  LTnion  at  its  meeting 
of  June  20. 

In  order  to  expedite  the  work  of  the  Union  and  to  insure 
the  continuity  of  it  during  the  space  intervening  between  the 
two  meetings,  the  council  requested  the  executive  committee 
to  ask  the  member  of  each  permanent  committee  to  appoint 
by  correspondence  a  president  to  serve  until  1925 — that  is,  for 
the  same  period  as  the  members  of  the  present  committees. 

Following  the  decision  to  increase  the  number  of  vice  presi- 
dents of  the  Union  to  six,  th  council  nominated  by  acclamation 
two  new  vice  presidents,  E.  Cohen  (Netherlands)  and  Dr. 
Sakurai  (Japan). 

The  council  adjourned  after  having  chosen  Copenhagen  as 
the  place  of  meeting  for  the  Fifth  Congress  of  the  International 
l'nion  of  Pure  and  Applied  Chemistry. 

All  these  decisions  were  placed  before  the  delegations  at  the 
closing  meeting  of  the  general  assembly. 

The  congress  decided  in  closing  to  create  a  committee  to 
cooperate  with  those  organizations  which  undertake  to  exchange 
students  and  professors  between  the  universities  of  the  various 
countries  with  the  idea  of  bringing  about  such  exchanges  among 
professors  of  chemistry 


Meeting  of  Mis.souri  Section 

The  Missouri  Section  of  the  American  Chemic.'^l  Society 
started  its  year's  work  on  the  evening  of  September  20.  Dr. 
Philip  A.  Shaffer,  professor  of  biological  chemistry  from  the 
Medical  School,  Washington  University,  St.  Louis,  was  the 
speaker  of  the  evening.  His  topic  was  "Insulin,  Its  Properties 
and  Methods  of  Preparation."  Dr.  Shaffer  has  done  much 
toward  the  improvement  of  the  methods  of  separation  of  this 
remarkable  substance,  and  his  talk  on  the  disease  diabetes  and 
its  relief  by  this  substance  was  very  enlightening  to  the  many 
who  were  present.  The  meeting  was  the  largest  that  has  been 
held  for  some  time;  the  fact  that  the  audience  was  made  up  of 
people  of  widely  scattered  interests  seemed  an  indication  that 
there  is  a  need  that  the  local  section  can  fill  in  bringing  speakers 
here. 


New  Cliemi.stry  Building  at  Missouri 

Following  its  plans  for  the  expansion  of  the  Chemistry  De- 
partment, the  University  of  Missouri  is  just  completing  a  new 
building  for  the  chemical  work.  This  building  is  the  third 
building  on  the  campus  to  be  devoted  entirely  to  chemistry. 
There  will  be  an  auditorium  seating  175  students,  and  laboratory 
locker  space  for  600  students.  There  are  five  small  research 
laboratories  for  instructors,  besides  administration  offices  and 
storerooms.  The  attic  has  been  finished  off  into  four  rooms  and 
will  probably  be  used  as  research  laboratories  for  graduate 
students. 
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Denatured  Alcohol  Production 


Produced,  Used,  Removed,  or  Dumped, 
Removed  from  De- 
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i  Indicated  Bblow,  for  the 


1911 
Completely  Denatured  Alcohol 


Alcohol  and  Denaturants 

Dumped 

1913  1914 


Total  C.  D.  A. 


1,812,122.38         2,370,839.70         3,076,924.55         3,374,019.92 
Specialty  Denatured  Alcohol 

Denatured  Alcohol  Used 
768,476.63         1,2.58,120.07 
60,144.07  65,141.77 

35,097.24  110,460.49 


4,229,741.67         5,222,240.78 


63,  .520. 68 

36,422.04 

288,981.36 

365,590.06 

524.11 

5,978.45 

31,946.49 

4,077.90 
16,730.77 

186.39 
190.19 

1,069.95 

3,930.48 

332.95 
34,129.43 

2.33. 53 
1,198.84 
39,387.41 

211,495.49 

264.16 

1,582.34 

554.44 

266,.S46.70 
1,171.81 
6,916.42 
4,089.84 

Alcohol  and  De- 
naturants Dumped 
2,493,630.86 
49.665.00 
172,723.20 

8,638.37 


403,943.91 
5,922.51 


742.40 

3,992.96 

1,339.15 
20,099 .  87 
5,344.70 

377,993.71 
1,770.80 
5,781 .  26 
5,338.00 

8,454.36 

172,596.06 

400.00 


!,839,020.S0 
75,517.40 
201,468.80 

9,229.55 

59,165.43 

511,329.65 

5,579.10 

229,014.73 

989.70 

1,049.96 
15,456.31 


471,110.53 
1,660.28 
5,567.98 
5,634.70 

9,.58S.54 

166,890.26 

47.04 


!,055,817.33 

69,135.94 

162,091.61 

45,928.13 

3,039.42 

225,813.65 


599,634.61 
2,426.54 
6,690.46 
5,053.27 

8,259.80 

160,692.86 

3,140.42 


Total  S.  D.  A. 


1,501,356.45         2,185,097.59         3,002,102.55         3,507,109.94         3,933,246.44         4,608,417.76         5,191,846.03 


'  I  ""AX-FREE  denatured  alcohol  was  first  produced  in  the 
•^  United  States  under  the  Act  of  June  7,  1906,  "for  use  in  the 
arts  and  industries  and  for  fuel,  light,  and  power."  Supplemental 
laws  were  later  enacted,  with  the  result  that  the  manufacture 
and  use  of  that  product  soon  became  a  vital  factor  in  the 
commercial  life  of  the  nation,  and  was  recognized  as  a  "key" 
industry  during  the  World  War. 

The  advent  of  prohibition  presented  an  added,  and  perhaps 
more  potent,  reason  why  pure  ethyl  alcohol  should  be  replaced 
as  far  as  possible  with  tax-free  denatured  alcohol,  and  Section  10, 
Title  3,  of  the  National  Prohibition  Act  provided  for  denaturing 
plants  at  whiqh  ethyl  alcohol  could  be  lawfully  denatured  "by 
the  admixtture  of  such  denaturing  materials  as  shall  render  the 
alcohol  or  any  compound  in  which  it  is  authorized  to  be  used 
imfit  for  use  as  an  into.xicating  beverage."  To  date,  however, 
the  Government  has  not  e.xtended  the  use  of  tax-free  denatured 
alcohol  to  the  production  of  pharmaceuticals  or  other  commodities, 
intended  for  "internal"  consumption,  however  unfit  the  final 
product  may  be  for  use  as  an  intoxicating  beverage.  It  is 
thought  that  this  attitude  with  respect  to  "internal"  medicines, 
etc.,  is  more  a  question  of  administrative  policy  than  law,  and 
that  eventually  the  Government  will  recede  from  its  position  in 
the  interest  of  legitimate  chemical  development. 

As  indicating  the  progress  of  the  denatured  alcohol  industry 
from  humble  begirmings  to  its  present  large  proportions,  we 
publish  this  table  compUed  by  the  office  of  James  P.  McGovern, 
the  Washington  attorney  of  the  U.  S.  Industrial  Alcohol  Com- 
pany. Although  the  columns  for  the  years  covered  are  variously 
headed,  "Denatured  Alcohol  Produced,"  "Removed  from  De- 
naturing Bonded  Warehouses,"  "Denatured  Alcohol  Used," 
"Withdrawn   from   Denaturing   Plants,"   etc.,   as   they   appear 


in  the  Annual  Reports  of  the  Commissioner  of  Internal  Revenue, 
the  tabulation  is  to  be  regarded  in  its  entirety  as  conveying  a 
fairly  comprehensive  idea  of  the  amounts,  by  formulas,  of  both 
completely  and  specially  denatured  alcohol  produced  and  used 
diuring  the  fiscal  years  involved.  It  is  regretted  that  it  was 
not  possible  to  have  the  compilation  complete  in  all  respects. 
The  reason  for  the  omissions  will  be  found  in  the  "Note,"  page 
1087.  The  figures  for  the  fiscal  year  ending  June  30,  1923,  are 
not  yet  available. 

Space  does  not  permit  the  listing  of  the  innumerable  uses  for 
which  denatured  alcohol  has  been  authorized.  It  is  sufficient 
to  say  that  specially  denatured  alcohol,  Formula  1,  alone  has 
been  prescribed  for  over  two  hundred  and  fifty  items.  Any 
one  interested  in  such  uses,  however,  may  find  the  composition 
of  the  formulas  and  their  respective  uses  fully  set  forth  in  the 
Appendix  to  Regulations  No.  61  of  the  Internal  Revenue  Biu-eau, 
published  September,  1922,  under  the  title  "Formulas  for  Com- 
pletely and  Specially  Denatured  Alcohol."  Copies  of  such  ap- 
pendix may  be  had  by  addressing  the  Industrial  Alcohol  and 
Chemical  Division,  Internal  Revenue  Bureau,  Washington,  D.  C. 

In  studying  the  table  it  should  be  noted  that  more  than  half 
of  the  formulas  have  come  into  existence  since  the  World  War, 
and  most  of  these  since  prohibition.  While  the  total  amounts 
for  each  of  the  fiscal  years  ending  June  30,  1916,  1917,  1918,  and 
1919,  respectively,  exceed  those  for  1920,  1921,  and  1922,  the 
difference  may  be  largely  attributed  to  the  tremendous  with- 
drawals of  Specially  Denatured  Alcohol,  Formula  2-B,  for  the 
manufacture  of  smokeless  powder,  trinitrotoluene  and  other 
war  materials,  and  a  comparison  of  the  totals  of  the  years  shown 
(excluding  the  war  years)  will  reveal  with  greater  accuracy  the 
normal  but  rapid  growth  of  this  husky  industrial  infant. 
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Denatured  Alcohol  Production  (Concluded) 

Fiscal  Years  Shown,  Ending  June  30,  Respectively.     (Quantities  in  Wine  Gallons) 


, — Alcohol  Dena 
1915 

tured  under  Various  Formulas — * 
1916                        1917 

Cor. 

Removed  from  Denaturinj 

I  Bonded 

1920 

Withdrawn  from 

Denaturing 

Formulas 

1918                        1919 
npletely  Denatured  Alcohol 

, Plai 

1921 

Its s 

1922 

1 
2 
3 
4 
5 
6 

5,149,410.88 
237,236.08 

7,184,620.75 
687,332.07 

9,140,999.26 
1,367,920.08 

8,313,416.96 
1,974,904.37 

7, 180, .520. 30 
2,806,520.76 

1,433.11 

6.926,825.22 

2,451,144.07 

28,323.97 

390, .5.58. 01 

3,679,944.90 

50.420.00 
251,201.30 
50,042.82 
268,315.34 
6,496,719.23 
5,109,820  18 

166,215,87 

300,191.79 

117,370.94 

22,595.75 

9,843.651.33 

5,759,877.15 

Total  C.  D.  A. 

5.386,646.90 

7,871,952,82 

10,508.919.34 

10,288,321.33 

9.988,566.17 

13,476,796.17 

12,226,518.87 

16,209.902.83 

SP, 

tcially  Denatured  Alcohol 

I 
2 

2- A 
2-B 
3 

3,026,030.54 

80.547.02 

201.488.86 

3,357.1.54.38 

398.50 

4,504,202.02 

421,849.00 

319.462.86 

27,855,774.23 

3,944.82 

4.685,613.19 

176.655.65 

69,444.70 

28,551,736.36 

5,767.84 

4,228,493.16 

214,065.88 

65.747.48 

27,843,909.08 

4,402.655.07 

88,553.44 

36,517.62 

16,275,674.09 

6.563,351.12 
112,518.66 
115,548.56 

2,331,322.09 

3,993,825.77 
64,722.63 
38,770.01 

1,990,326.16 
548.01 

4,994,240.74 

72,731.38 

2.450,939.20 

35.02 

3-A 
3-B 
4 
4-A 

5 

224,891 .  50 
339  07 

582,258.48 

274.945.74 

172.70 

664.787.04 

230,455.28 

723.28 

868,065.29 

222.993.33 

14,807.66 

904,023.33 

214,441.89 
21,398.68 
745,704.61 

344,279.89 

7,515.06 

871,198.39 

229.908 .  85 

10,370.82 

679,547.60 

540.770.88 

8,493.23 

898,947.81 

5.617.41 

7.228.91 

6,581.46 

5,532.29 

7,277.08 

41,463.68 

5,763.75 

8.193.93 

6 

6-A 

fi-B 

7 
8 

238,961  22 
.525. 53 

456,091.25 
409.00 

318,679  45 
5,039.00 

444,3.55  77 
5,739.92 

804,780.71 
11,793.75 

86,850.35 
13,671.67 

99.318.44 
5,829.06 

3.272.64 
67,107.65 
8,084.42 

1,173.67 

1,124.40 

504.98 

5.205.04 

1,564.41 

4.85 

9 
10 
.    11 
12 
12- A 

46.30 
15,167.82 
1,313.00 

24,301.90 

112  10 

49,700.81 

851 . 60 

53,992.66 

7,561.66 

125,528.97 

1,441.65 

97,706.05 

3.528.91 

154.149.84 

923.10 

88,004.66 

5.747.41 

309,940.21 

735.86 

2.974.79 

83,316.84 

11,748.82 

854,610.34 

990.20 

12.9.33.49 
153.324.61 

2,385.33 

73,801.31 

781.16 

141,877.53 

5.04 

5,559.29 

651.92 

281.093.04 

13 

13-A 

14 

15 

16 

606,891.20 
2,917.11 
7,089.57 
5,528.67 

888,915.92 
2,613.48 
6,103.43 
9,235.51 

981,284.73 
4,378.02 
12.652.19 
23,361.92 

1.042,072.48 
6,363.93 
9,768.17 
25,902.30 

1,009,774.31 

695,05 

31,774.63 

28,789.39 

1,309,239.99 

1,894.25 

104,476.45 

24,810.34 

966,048.04 
1,226.77 
14,510.96 
3,705.93 

5.00 

1,780.771.06 

1,636.50 

8.220.81 

9.156.90 

17 

18 

19 

19-A 

20 

13,087.09 

199,723.84 

4,369.13 

95,164.40 
240,912.30 
104,426.82 

12,415.40 

25,759.96 
233,462.12 
24,086.84 

28,052.79 
473,869.35 
27,410.61 

69,810.43 

65,109.64 
950,941.33 
26,875.13 

66,783.20 

57,436.82 

1,160,120.01 

54,281.85 

13,775.94 

49,132.69 

725,816.56 
42,392.80 

12,445.70 

13.598.38 

1,036,893.33 

42,537.95 

13,034.83 

21 
22 

23 

23-A 

23-B 

2,832,717.16 

8,656,805.58 
7,689.07 
16,857.87 

3,608,711.26 
3,920.65 
20,739.18 

2,913,700.00 
2,945.30 
19,029.62 

405,826.96 
40.032.39 
22,514.21 

65,100.00 
50,340.73 
58,271.04 
137,517.65 
262.27 

1.00 

7,608.61 

23,446.05 

466,831.61 

1.073.24 

23-C 
23-D 
23- E 
23-F 
24 

17,177.00 

8,818,22 

24.52 

1,467.21 
640.49 

5,739.20 
986.44 

1,308.44 

25 

26 

27 

27-A 

27-B 

11,311.13 
2,100.28 
2,246.77 

121,384,48 
14,111.28 
49,970.95 

88.104.27 
23.001.28 
20,799.88 

131,787.53 

75,404.84 

54.9,88.28 

885.05 

112,491.18 
9,340.16 
37.797.87 
7,785.44 

149.191.99 
4.962.55 
48,758.10 
9.706.92 
5,395.18 

28 

28-A 

29 

30 

31 

36,399.34 

426.67 
750.78 

197,290.50 

18,161.12 
19,533.33 
2.933.21 

123,477.92 

10,896.83 
427.52 

74,054.75 

24,677.07 

15,873.61 

92.43 

31-A 

31-B 

31-C 

32 

33 

33,625.90 
243.00 

14,078.34 
2,085.53 

33,816.70 

16,573.14 

100.32 

2,360.03 

49,651.87 

22,366.93 

45.26 

11.00 

4,171.55 

33-A 

34 

35 

4,658.40 

3,621.06 
9,204.84 
8,768.44 

35-A 
36 
37 
37-A 

NOTE:     Compiled  from  the  Annual  Reports  of    the  Commis- 
sioner of  Internal  Revenue.       Amounts  for  1907,  amounts    by   for- 
mulas of  Completely   Denatured  Alcohol  for  1908,   1909.    1910.   1911. 

447.41 
24,052.87 

99,360.55 
197.996.68 
330.416.20 

38 

38-A 
38- B 

and  1915 

!.  and  amounts  by  formulas  of  Specially  Denatured 

Acohol 

962.74 
404   IS 

6,555.72 
2  315  08 

for  1910  and  1911  are  nol 

:  given  in  such  reports  and  are  not  available. 

'690.93 

3S-C 
38- D 
3S-E 
39 
39-A 

38  656.42 
50,057.93 

1,039.64 

467.14 

175,189.30 

1,330,091.32 

39-B 
39-C 
39- D 
40 
41 

26,357.33 

1,425,542.59 

321,975.38 
1,061.57 

•42 
43 
44 
45 
46 
47 
ISxperimental 

1.017.03 

497 .  55 

1.975.71 

214.99 

9,282.56 

1,549.24 

5.00 

Total  S.  D.  A. 

8,599,821.81 

38,807,153.56 

45,170,678.29 

39,707,170.49 

28,293,615.94 

15,268,839.25 

9.967,320.28 

17.089,263.54 

loss 
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AMERICAN  CONTEMPORARIES 


Frank  Austin  Gooch 

TF  IT  be  true,  as  some  claim,  that  the  general  atmosphere  of 
Boston  is  one  of  cultured  manners,  no  better  illustration  of 
the  influence  of  such  an  atmosphere  could  be  selected  than 
the  subject  of  this  sketch.  No  one  who  has 
ever  come  in  contact  with  Professor  Gooch 
can  fail  to  carry  away  the  impresfion  that 
he  has  met  a  man  of  peculiar  charm  of  man- 
ner. Born  in  Watertown,  Mass..  of  parents 
belonging  to  families  connected  with  the 
early  history  of  the  country  and  represent- 
ing the  highest  type  of  culture,  his  early  life 
was  spent  in  the  vicinity  of  Boston.  His 
father  was  a  prominent  lumber  merchant 
in  Cambridge,  and  at  one  time  chief  asses- 
sor of  that  town.  His  mother  was  a  mem- 
ber of  the  Coolidge  family. 

He  entered  Harvard  at  the  age  of  sixteen 
and  was  graduated  with  the  class  of  1872. 

His  early  inclination  was  toward  medi- 
cine, but  upon  graduation,  and  until  187."), 
he  carried  on  chemical  and  niineralogical 
studies  at  Harvard,  and  at  the  same  time 
acted  as  assistant  to  Prof.'Josiah  P.  Cooke,  FR.^NK 

who  was  famous  in  his  day  as  an  experi- 
mental lecturer.     Doubtless  Professor  Gooch's  skill  in  manip- 
ulation and  his  clearness  in  description  of  chemical  phenomena, 
so  characteristic  of  his  later  work  as  a  teacher,  had  their  origin 
in  this  early  training. 

During  the  years  1875-6,  spent  mainly  in  Vienna,  he  continued 
his  studies  along  mineralogical  and  crystallographic  lines  at 
the  Imperial  Museum,  and  his  fund  of  reminiscences  of  that 
period  goes  to  show  that  he  had  the  most  delightful  association 
with  the  director  and  others  in  authority  there.  Upon  his  return 
he  received  the  degree  of  Ph.D.  from  Harvard. 

He  often  speaks  of  the  two  years  which  followed,  when  he 
held  the  position  of  private  assistant  to  Dr.  Wolcott  Gibbs,  as 
of  special  value  to  him,  and  frequently  quotes  a  common  expres- 
sion of  that  renowned  chemist,  famous  in  inorganic  and  analytical 
research,  to  the  effect  that  "there  is  practically  nothing  which 
cannot  be  accomplished  by  patience  and  caustic  potash." 

It  was  probably  during  this  period  that  Dr.  Gooch  developed 
patience  and  skill  and  his  love  for  analytical  chemistry.  To 
him  chemical  analysis  has  never  been  what  many,  profoundly 
ignorant  of  the  subject,  have  considered  it,  blind  following  of 
directions,  or  "cook-book  chemistry,"  a  term  which  has  been 
responsible  for  much  neglect  of  this  great  fundamental  branch 
of  chemistry.  Dr.  Gooch's  mind,  stored  with  a  wealth  of  ob- 
served chemical  phenomena,  finds  the  greatest  joy  in  devising 
new  analytical  processes  and  in  overcoming  the  difficulties  which 
to  many  a  chemist  have  seemed  to  make  an  analytical  procedure 
useless. 

For  ten  years  following  his  apprenticeship  with  Dr.  Gibbs, 
his  work  gave  him  ample  scope  for  the  perfection  of  his  technic 
in  his  chosen  field.  Analytical  work  in  connection  with  the 
United  States  Tenth  Census,  1879-1881,  the  North  Trans- 
continental Survey,  1881-1884,  and  the  United  States  Geological 
.Survey,  1884-1886.  contributed  n.uch  in  the  way  of  preparation 
for  his  work  at  Yale,  which  really  began  with  the  (jompletion  of 
the  Kent  Laboratory  in  1887.     It  was  during  this  period  that 


he  enjoyed  from  time  to  time  association  with  Dr.  Rafael  Pum- 
pelly,  the  renowned  geologist  and  explorer,  and  he  often  turns 
with  great  pleasure  to  the  recital  of  a  variety  of  experiences 
connected  with  field  and  laboratory  work. 

It  was  also  during  these  years  that  much  important  work 
was  done,  such  as  the  analysis  of  the  waters 
of  Yellowstone  Park  and  the  invention  of 
the  perforated  platinum  crucible  for  filtra- 
tion. The  latter  alone  has  made  his  name 
familiar  wherever  careful  analytical  work 
is  attempted.  Shortly  after  the  first  de- 
scription of  this  almost  indispensable  analyt- 
ical device  appeared,  a  well-known  chemist 
said  in  an  address:  "The  Gooch  crucible 
is  to  modern  analytical  chemistry  what  the 
needle,  gun  is  to  modern  warfare."  This 
encomium  was  doubtless  more  adequate  at 
the  time  it  was  uttered  than  it  would  be 
today,  when  the  needle  gun  has  been  sur- 
passed by  many  other  inventions,  while  the 
crucible  still  holds  its  place  among  necessary 
equipment. 

In  selecting  Dr    Gooch  for  a  position  at 
Vale  the  authorities  chose  wisely  and  well. 
Qy^;.,,  for  he  combines  the  good  qualities  of  ad- 

ministrator, teacher,  and  director  of  re- 
search. During  a  period  of  over  thirty  years,  for  he  did  not 
take  even  a  week  off  during  term  time,  until  his  retirement  in 
1918,  he  was  at  his  post. 

No  man  could  have  a  more  loyal  group  of  followers  than  those 
who  have  worked  with  Professor  Gooch.  His  sympathy  and 
liberality  are  such  that  a  conference  with  him  always  resulted 
in  helpful  suggestions  and  in  an  adequate  supply  of  material 
for  work  when  special  material  was  needed.  A  request  for  a 
gram  generally  resulted  in  a  supply  of  ten  grams.  As  for  crude 
chemicals,  they  were  an  abomination  to  him,  and  his  associates 
could  hardly  persuade  him  to  order  them  for  any  kind  of  work. 
Despite  this  policy  there  was  on  hand  at  the  end  of  his  admin- 
istration a  considerable  balance  in  money  to  the  laboratory's 
credit,  and  a  supply  of  chemicals,  some  of  them  unusual,  which 
in  view  of  the  immediately  following  post-war  scarcity  reminds 
one  of  Joseph's  store  of  corn  laid  up  against  the  Egyptian  famine. 
Loyalty  to  his  friends  and  associates  marked  Professor  Gooch's 
years  of  university  activity,  as  all  who  have  worked  with  him 
will  testify. 

Conservative  by  nature,  he  keeps  fully  informed  of  the  prog- 
ress of  chemical  science,  but  does  not  without  careful  consider- 
ation turn  to  newly  propounded  theories.  He  has  always  in- 
sisted upon  the  importance  of  comprehensive  study  of  chemical 
phenomena  along  the  lines  of  descriptive  chemistry.  His  re- 
tiring disposition  has  kept  him  from  gatherings  of  chemists  where 
his  presence  would  have  been  much  appreciated. 

His  loyalty  to  local  journals  has  resulted  in  giving  his  pub- 
lished work  and  possibly  that  of  his  students  less  publicity  than 
might  have  resulted  had  these  papers  appeared  in  the  more 
widely  circulated  chemical  journals.  He  finds  great  pleasure 
and  relaxation  in  the  reading  of  good  fiction  and  in  genealogical 
research.  A  recent  statement  in  a  prominent  New  York  news- 
paper to  the  effect  that  chemists  are  as  a  class  fond  of  cats  may 
be  disputed,  but  certainly  the  feline  race  has  no  better  friend 
than  Dr.  Gooch,  nor  one  more  convinced  of  its  intelligence. 


October,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


1089 


His  former  pupils  always  love  to  call  on  him  when  in  New 
Haven  and  talk  over  their  laboratory  days  and  discuss  their 
current  problems.     His  fund  of  reminiscence  is  rich,  as  is  also 


his  collection  of  good  stories,  and  we  all  enjoy  them  .both,  for 
together  with  his  keen  analytical  mind  he  has  a  rare  sense  of 
^^"^o'^-  Philip  E.  Browning 


NOTES  AND  CORRESPONDENCE 


Shortening— Its  Definition   and 
Measurement 

Editor  of  Industrial  and  Engineering  Chemistry: 

The  writer  has  made  shortening  measurements  with  the  short- 
ometer  [This  Journal,  3,  79  (1921)]  for  the  last  six  years  and 
has  only  recently  checked  up  these  measurements,  and  in  no  case 
can  he  substantiate  the  conclusions  made  in  the  article  by  Piatt 
and  Fleming  [This  Journal,  15,390  (1923)  Jrentitled  "The  Action 
of  Shortening  in  the  Light  of  the  Newer  Theories  of  Surface 
Phenomena." 

The  following  series  of  all  shortening  measurements  is  a  fair 
evaluation  of  the  various  fats  and  oils: 

•Lard,  which  has  the  greatest  shortening  power,  naturally  comes 
first.  Compounds  rank  next,  and  they  have  about  the  same 
shortening  power  if  they  are  made  by  adding  oil  to  animal  stearin 
or  to  vegetable  stearin — namely,  hydrogenated  vegetable  oil. 
Butter  fat  follows  next  in  order.  The  oils  cottonseed,  peanut, 
olive,  rapeseed,  soy  bean,  and  corn,  all  have  approximately  the 
same  shortening  value,  which  is  about  three-fourths  of  the  value 
of  ordinary  lard. 

Coconut  oil  is  somewhat  lower  than  the  previous  group  of 
oils  and  has  about  two-thirds  of  the  value  of  lard.  Coconut  oil 
if  broken  up  into  olein  and  stearin  fractions  shows  a  value  higher 
than  whole  coconut  oil  for  stearin,  and  lower  for  olein. 

The  iodine  number  of  the  whole  oil  is  about  9,  that  of  the 
stearin  about  4  or  r>,  and  that  of  the  olein  about  16  or  18.  It  is 
evident  in  this  case  that  the  fat  with  the  higher  iodine  number 
has  the  least  shortening  value. 

A  liquid  paraffin  oil  with  an  iodine  number  of  0.4  has  i.  short- 
ening value  very  close  to  that  of  coconut  oil.  A  sample  of  white 
vaseline  had  a  shortening  value  fully  as  good  as  the  ordinary 
oils,  or  75  per  cent  of  that  of  lard. 

A  little  difficulty  is  experienced  in  using  liquid  paraffin  oil  in 
baking  because  the  high  temperature  of  baking  causes  the  oil  to 
smoke  appreciably  and  loss  is  thereby  experienced. 

The  writer  has  very  definitely  shown  in  his  original  article 
that  hydrogenation  of  an  oil  increases  its  shortening  value.  The 
iodine  number  is  very  materially  decreased;  yet  the  shortening 
value  has  increased,  which  is  also  at  variance  with  their  theory. 
All  the  figures  available  on  the  shortening  value  of  oils  and 
fats  show  no  definite  relationship  between  shortening  value 
and  iodine  number. 

Clarke  E.  Davis 
National  Biscuit  Company 
New  York,  N   Y. 
June  22,  1923 


Editor  of  Industrial  and  Engineering  Chemistry: 

This  criticism  seems  to  be  based  upon  a  misunderstanding  of 
the  article  by  Piatt  and  Fleming.     For  example,   Davis  says: 

All  the  figures  available  on  the  shortening  value  of  oils  and 
fats  show  no  definite  relationship  between  shortening  value  and 
iodine  number. 

In  this  statement  w-e  can  entirely  agree  with  him,  for  our  article 
states: 

The  iodine  number  as  such  cannot  be  taken  as  an  indication 
of  the  shortening  power  from  this  point  of  view,  since  glycerides 


of  linoleic  acid  containing  two  double  bonds  (Iodine  No.  173'!  do 
not  cover  any  greater  surface  than  glycerides  of  oleic  acid  contain- 
ing but  one  double  bond  per  molecule  (Iodine  No.  86).  For 
this  reason,  other  factors  being  equal,  shortenings  should  be  ar- 
ranged in  the  order  of  their  percentage  of  unsaturated  glycerides. 

Once  it  is  clearly  understood  that  it  is  the  percentage  of 
unsaturated  glycerides  and  not  the  iodine  number  that  must  be 
considered,  it  is  seen  that  Davis'  shortening  values  fit  in  well 
with  the  theory  which  we  have  advanced. 

Considering  first  oils  only,  we  find  that  cottonseed,  peanut, 
olive,  rape  seed,  soy  bean,  and  corn  oils,  all  consist  principally 
of  unsaturated  glycerides  with  a  small  percentage  of  saturated 
glycerides  which  varies  with  different  samples  of  the  same  oil. 
We  are  not  surprised,  therefore,  at  Davis'  statement  that  they 
"all  have  approximately  the  same  shortening  value."  Coconut 
oil,  which  has  a  noticeably  smaller  proportion  of  unsaturated 
glycerides,  has  noticeably  less  shortening  power,  while  liquid 
paraffin,  with  the  smallest  proportion  of  unsaturated  compounds, 
is  properly  at  the  bottom  of  the  list  of  oils  in  shortening  power. 

We  would  invite  attention  also  to  specific  statements  in  our 
paper  to  the  effect  that  many  factors  influence  shortening  power. 
We  state : 

Many  factors  are  involved  in  the  action  of  shortening,  f  *  * 
It  is  evident  that  no  one  property  can  possibly  explain  the 
whole  action  of  shortenings.  '"'''*  Viscosity  evidently  plays  a 
part.  *  *  *  The  melting  point  is  also  a  factor.  *  *  *  A  somewhat 
related  quality  is  plasticity.  *  *  *  A  fat  that  will  remain  plastic 
throughout  the  mixing  has  much  greater  shortening  power  than 
one  that  is  either  solid  or  liquid. 

It  would  seem  to  be  self-evident  that  these  factors  would  have 
to  be  considered  in  arriving  at  the  shortening  power  of  fats 
not  liquid.  It  is  strictly  in  line  with  our  theory,  however,  that 
lard,  etc.,  containing  a  considerable  percentage  of  unsaturated 
compounds,  should  have  greater  shortening  power  than  vaseline 
containing  practically  none. 

On  the  basis  of  the  statements  in  our  paper  it  is  manifestly 
impossible  to  expect  the  relative  shortening  power  of  the  "olein  " 
and  "stearin"  fraction  of  a  shortening  to  be  given  simply  by 
their  proportion  of  unsaturated  glycerides,  as  differences  in  melt- 
ing point,  plasticity,  etc.,  introduce  other  variables  in  such  a 
case.  The  same  may  be  said  in  comparing  the  shortening  power 
of  a  fat  before  and  after  hydrogenation. 

Davis'  findings  regarding  shortening  power  are,  therefore, 
not  incompatible  with  our  conclusions. 

Washington  Platt 
Merrell-Soule  Company 
Syracuse,  N.  Y. 
September  14,  1923 


Calendar  of  Meetings 


Technical  Association  of  Pulp  and  Paper  Industry — Appleton, 

Wis.,  October  2.5  to  27,  1923. 
Association    of    Official    Agricultural    Chemists — 39th    Annual 

Convention,  Washington,  D.  C,  November  19  to  21,  1923. 
American  Institute  of   Chemical  Engineers — Winter  Meeting, 

Washington,  D.  C,  December  5  to  S,  1923. 
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WASHINGTON  NOTES 


Nitrite  of  Soda  Hearing 

The  Tariff  Commission  held  a  hearing  on  the  costs  of  sodium 
nitrite  in  Washington  on  September  10.  Only  one  witness, 
C.  F.  Graff,  president  and  general  manager  of  the  American 
Nitrogen  Products  Co.,  Seattle,  Washington,  appeared  before 
the  commission.  He  argued  for  a  50  per  cent  increase  in  the 
3  per  cent  duty  on  this  product,  or  an  increase  from  3  cents  to 
4'/2  cents  per  pound.  His  application  was  opposed  by  counsel 
for  the  Norwegian  Nitrogen  Products  Co.,  New  York,  N.  Y.,  the 
American  sales  agents  for  the  Norwegian  product.  Mr.  Graff 
stated  that  his  company  produced  about  one-half  of  the  domestic 
output  of  sodium  nitrite,  and  that  the  capacity  of  all  the  plants 
of  the  United  States  was  sufficient  to  fully  meet  the  domestic 
requirements.  The  Norwegian  company  presented  no  cost 
figures.  The  hearing  was  continued  until  September  26  at  which 
time  final  arguments  will  be  heard.  Meantime,  it  is  believed 
that  ample  time  wiU  be  available  for  the  filing  of  the  necessary 
briefs. 

Since  the  hearing  of  September  10  the  commission  has  issued 
a  summary  of  information  in  the  matter  of  sodium  nitrite. 
This  summary  consists  of  information  obtained  from  the  public 
hearing,  from  publications,  correspondence  on  file  in  the  Tariff 
Commission,  questionnaires  sent  to  manufacturers,  and  inspection 
of  books  and  factories  of  manufacturers  by  representatives  of 
the  commission,  and  interviews  with  persons  having  personal 
knowledge  of  this  industry.  All  information  in  regard  to  manu- 
facturing costs  of  individual  firms  and  other  information  in  the 
nature  of  trade  secrets  of  processes  has  been  eliminated  from 
this  summary,  as  required  by  Section  708  of  the  Revenue  Act  of 
1916. 

Improved  Cassina  Beverage 

George  F.  MitcheU,  super\-ising  tea  examiner  of  the  Bureau 
of  Chemistry,  has  developed  a  new  process  for  making  the  bev- 
erage cassina  which  eliminates  the  former  "herbish"  taste,  to 
which  there  was  some  objection.  Mr.  Mitchell  has  recently 
retvumed  from  South  Carohna  where  he  has  been  operating  the 
experimental   cassina   factory   which   began   work   last   spring. 


Those  who  have  sampled  a  hot  or  an  iced  drink  made  from  the 
new  processed  leaves  are  enthusiastic  over  its  qualities  as  a 
palatable  and  refreshing  beverage.  It  has  a  flavor  and  a  stim- 
ulating effect  that  are  believed  to  be  distinct  commerical  assets. 

A  flavoring  extract  has  also  been  prepared  from  the  new  proc- 
essed leaves.  This  extract  has  been  used  by  the  Department 
of  Agriculture  to  flavor  ice  cream  and  the  finished  product  is 
said  to  have  met  with  favor.  So  concentrated  is  the  extract 
that  one  tablespoonful  will  flavor  a  gallon  of  ice  cream  and  only 
2  cc.  are  necessary  to  flavor  a  carbonated  drink. 

One  decided  advantage  of  the  cassina  plant  is  that  all  the 
leaves  may  be  used,  since  they  all  contain  caffein.  Tannin, 
however,  is  present  in  a  less  degree  in  cassina  than  in  similar 
beverages. 

SoDAToi,  FOR  Distribution 

Eighteen  million  pounds  of  sodatol,  a  surplus  war  explosive, 
are  to  be  distributed  by  the  Bureau  of  PubUc  Roads,  United 
States  Department  of  Agriculture,  for  road-building  and  land- 
clearing  purposes.  The  new  supply  of  explosive  is  very  similar 
to  dynamite  and  picric  acid,  12,000,000  pounds  of  the  latter 
having  already  been  distributed  to  road-builders  and  farmers. 

Better  Lime 

Experiments  conducted  at  the  Bureau  of  Standards  ha.ve 
shown  a  way  to  improve  the  manufacture  of  hydrated  lime  so 
that  the  grade  known  as  "finishing"  hydrate  is  regularly  pro- 
duced instead  of  the  grade  known  as  "masons"  hydrate,  which 
because  of  its  lesser  plasticity  commands  a  lower  price.  These 
tests  have  shown  that  plasticity  depends  not  alone  upon  the 
colloidal  content  of  the  hydrate,  but  upon  the  effect  on  this 
colloid  of  the  manufacturing  process. 

It  has  been  found  that  the  drying  out  can  be  prevented  by 
letting  the  freshly  made  hydrate  cool  in  an  atmosphere  of  steam, 
while  flocculation  can  be  prevented  by  adding  small  amounts 
of  a  readily  soluble  calcium  salt.  A  hydrator  designed  to  apply 
these  principles  has  just  been  completed  for  further  experiment. 

September  18,  1923 


Personals 


Benjamin  Alderson,  formerly  chemist  for  the  American  Bottle 
Co.,  Streator,  111.,  and  since  February  general  factory  foreman 
of  the  company's  Newark,  Ohio,  plant,  has  been  transferred  to 
the  Streator  factory  and  promoted  to  assistant  plant  manager. 

C.  Scott  Althouse,  president  of  the  Althouse  Chemical  Co., 
Reading,  Pa.,  is  spending  about  two  months  traveling  through 
the  industrial  districts  of  England,  Scotland,  France,  and  Ger- 
many. 

S.  Henry  Ayers,  formerly  bacteriologist  of  the  dairy  dix-ision 
of  the  Bureau  of  Animal  Industry,  Washington,  D.  C,  has  been 
appointed  director  of  research  of  the  Glass  Container  Association. 

L.  H.  Baekeland,  honorary  professor  of  chemical  engineering 
in  Columbia  University,  has  been  made  an  officer  of  the  Legion 
of  Honor  (French)  and  of  the  Order  of  the  CrowTi  of  Belgium. 

J.  P.  Bonardi,  formerly  manager  of  the  Assay  and  Chemical 
Department  of  the  Mine  &  Smelter  Supply  Co.,  Denver,  Colo., 
has  been  promoted  to  sales  manager  of  tiie  New  York  oflace,  with 
headquarters  at  42  Broadway. 

Walter  D.  Boimer,  who  has  been  absent  from  the  L^niversity 
of  Utah  during  the  past  year  on  sabbatical  leave,  has  returned 
and  will  resume  his  duties  as  professor  of  chemistry-  at  that 
university. 

S.  Caplan,  formerly  research  chemist  for  the  Nucoa  Butter 
Co.,  Bayonne,  N.  J.,  has  joined  the  research  staff  of  the  Com- 
bustion Utilities  Corp.,  Long  Island  City,  N.  Y. 

John  P.  Crabb,  a  recent  graduate  of  the  Massachusetts  Insti- 
tute of  Technology,  is  at  present  employed  in  the  Gas  Division 
of  the  U.  G.  I.  Contracting  Company  of  Philadelphia,  studying 
the  design  of  the  standard  water-gas  apparatus  of  this  company. 

Ellery  K.  Files,  chemical  engineer,  ,who  has  been  connected 
with  the  Diu-atex  Corporation  for  over  three  years,  has  been 
given  entire  charge  of  manufacture  in  the  plant  in  Newark,  N.  J. 


The  University  of  Strasbourg  has  conferred  the  title  of  doctor 
(honoris  causaj  on  Simon  Flexner  and  Jacques  Loeb,  of  the  Rocke- 
feller Institute  of  Medical  Research,  and  on  William  H.  Welch, 
of  the  Johns  Hopkins  University. 

Herbert  L.  J.  Haller,  associate  chemist,  who  has  been  on  the 
staff  of  the  Bureau  of  Chemistr>'  since  1919  and  assigned  to  the 
Color  Laboratory',  has  resigned  to  accept  a  position  with  the 
Rockefeller  Institute. 

M.  E.  Holmes  has  resigned  as  chemical  director  of  the  National 
Lime  Association,  and  accepted  the  position  of  development 
engineer  in  charge  of  research  for  the  U.  S.  Gypsum  Co.,  205 
W.  Monroe  St.,  Chicago,  111. 

Ivar  N.  Hultman  has  been  appointed  chemist  in  charge  of 
operations  at  the  Kingsport  plant  of  the  Tennessee-Eastman 
Corporation. 

M.  L.  Jackson  has  accepted  a  position  as  research  chemist 
for  the  Piron  Coal  Distillation  Systems,  Inc.,  Detroit,  Mich. 

The  deaths  are  announced  of  F.  Krafft,  professor  of  chemistry 
at  Heidelberg,  aged  seventy-one,  and  Josef  Nevinny,  professor 
of  pharmacology  at  the  University  of  Irmsbruck,  aged  seventy 
years. 

H.  A.  Kuhn,  who  has  been  chief  of  the  department  of  toxicology 
of  the  Chemical  Warfare  Service  for  the  past  four  years,  has  been 
detailed  to  the  University  of  Wisconsin  for  a  year  for  a  special 
course  in  toxicology'  under  A.  S.  Loevenhart. 

Rex  McDill,  who  has  been  spending  some  time  in  Cuba  in  re- 
search work  on  tlie  dehydration  of  fruits,  has  returned  to  River- 
view,  Fla.,  to  continue  his  researches. 

{Continued  on  next  page) 
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PARIS  LETTER 


By  Charles  Lormand,  4  Avenue  de  I'Observatoire,  Paris,  France 


Sale  of  Reparations  Dyes 

In  the  first  month  of  1923  the  French  government  seized  in 
the  Ruhr,  by  right  of  the  reparations,  an  important  stock  of 
dyestufTs  from  Badische,  Meister  Lucius,  and  Chemische  Fabrik. 
This  stock  contained  about  7000  tons,  and  the  French  govern- 
ment, in  agreement  with  the  Belgian  government,  has  just  de- 
cided to  put  the  stock  on  sale.  It  is  composed  chiefly  of  indigo 
and  alizarin.  Since  all  these  products  arc  already  being  manu- 
factured in  France,  the  sale  for  exportation  will  only  be  permitted 
if  it  does  not  interfere  with  French  and  Belgian  producers.  The 
dyestufTs  not  manufactured  in  France  or  Belgium,  and  existing 
in  the  lot  seized,  will  be  distributed  according  to  priority  among 
the  producers  in  these  countries.  This  sale  will  certainly  have  an 
effect  on  the  dyestuffs  market  and  may  bring  about  a  temporary 
disturbance. 

New  Method  of  Volumetric  Analysis 

MM.  Hackspill  and  Heeckeren  have  just  perfected  an  original 
method  of  elementary  volumetric  analysis.  The  substance 
is  roasted  in  vacuo,  at  a  temperature  of  800°  to  900°  C,  in  the 
presence  of  copper  oxide.  The  nitrogen  and  carbonic  acid  are 
collected  with  a  mercury  pump  and  their  volume  is  measured. 
The  carbonic  acid  is  separated  by  potash.  The  water  produced 
in  the  combustion  is  first  separated  from  the  gaseous  mixture  by 
condensation  at  —80°  C,  and  is  then  directed,  in  the  vapor  state, 
onto  the  calcium  hydroxide.  The  hydrogen  liberated  is  re- 
covered and  measured.  Thus,  by  a  single  combustion,  are  ob- 
tained, on  substances  weighing  from  2  to  5  eg.,  three  determi- 
nations of  nitrogen,  carbon,  and  hydrogen. 

Fuels 

French  chemists  seem  to  be  directing  their  attention  just  now 
to  the  study  of  fuels.  M.  Piettre  has  studied  the  transformation 
of  the  coal  in  humus.  The  product  of  oxidation  was  reduced 
by  a  reaction  similar  to  that  which  permits  the  transformation  of 
benzine,  first  into  a  nitro  compound,  and  then  amine  (aniline). 
The  product  finally  obtained  was  similar  to  the  humus. 

M.  Paul  Lebeau  has  undertaken  the  study  of  the  gas  formed 
by  the  carbonization  of  solid  fuels.  Previously,  Picter,  of 
Geneva,  examined  the  liquid  products  obtained  by  the  distillation 
of  combustible  liquids  in  a  vacuum.  M.  Lebeau's  method  per- 
mits the  determination,  for  temperatures  from  100°  to  1200°  C, 
increasing  by  fractions  of  100  degrees,  of  the  composition  of  the 
gas  obtained  in  heating  in  vacuo  anthracite,  wood,  peat,  and  lig- 
nite. Each  of  these  types  of  fuels  gives,  by  its  increasing  de- 
composition, the  gaseous  volumes  which  seem  sensibly  constant 
for  each  of  the  kinds  of  fuels  studied.  The  total  volume  of  gas 
formed  is  estimated  at  between  150  and  170  cubic  meters  per  ton 
for  the  wood,  266  cubic  meters  for  the  peat,  228  to  240  cubic 
meters  for  the  lignite,  and  257  to  309  cubic  meters  for  the  anthra- 
cite. 


The  analysis  of  the  gas  liberated  furnishes  very  interesting  re- 
sults, since  the  largest  part  is  composed  of  hydrogen.  A  ton  of 
English  anthracite,  for  example,  gives,  at  1200°  C,  318  cubic 
meters  of  gas  composed  of  291  cubic  meters  of  hydrogen,  or  91.4 
per  cent.  There  is  no  connection  between  the  volume  of  gas 
liberated  and  the  content  of  volatile  matter  in  the  fuel  considered. 
Certain  anthracites  give  volumes  of  gas  just  as  great  as  the  fatty 
oils,  which  contain  larger  quantities  of  volatile  matter  than  the 
anthracites.  The  other  constituents  of  the  gas  are  carbon  dioxide 
and  carbon  monoxide,  with  small  quantities  of  metal.  One 
might  consider  that  the  carbonization  of  the  anthracite  would 
constitute  a  source  of  hydrogen  capable  of  being  used  in  the 
manufacture  of  synthetic  ammonia. 

M.  Maihle,  continuing  work  on  the  production  of  petroleum 
by  decomposition  of  vegetable  oils,  has  shown  that  it  is-  possible 
to  use  chloride  of  zinc  as  a  catalyst  in  the  hydrogenation.  On 
heating  different  vegetable  oils  (peanuts,  castor)  or  animal  oils 
(requin,  whale)  with  fused  zinc  chloride,  the  liberation  of  acrolein 
was  accomplished  and  products  boiling  between  110°and310°  C, 
composed  of  a  mixture  of  methane  and  ethylene  hydrocarbons 
analogous  to  petroleum,  were  formed.  Chloride  of  magnesium 
gives  similar  results. 

Estimate  op  the  Value  of  Fertilizer 

I  suggested  in  a  previous  letter  that  it  would  be  interesting  to 
estimate  the  increase  of  efficiency  of  plants  under  the  action  of 
various  fertilizers,  and  I  mentioned  that  the  determination  of 
sugars  or  of  other  principal  constituents  would  give  the  most 
precise  results. 

M.  Blaringhem,  professor  at  the  Conservatory  of  Arts  and 
Measures,  proposes  using  a  method  which  is  purely  biologic 
and  founded  on  genetic  experiments.  He  took  crops  of  barley, 
linen,  and  poppies.  He  subjected  them  to  the  action  of  various 
fertilizers:  potash,  nitrogen,  phosphoric  acid,  limestone;  then  he 
weighed  the  test  plants  and  the  treated  plants — for  the  barley, 
the  proportion  between  the  length  of  the  third  mark  under 
the  head  and  that  of  each  corresponding — for  the  linen,  he  meas- 
ured the  thickness  of  the  foliage,  that  is,  the  distance  be- 
tween each  leaf  on  the  same  part  of  the  stalk.  He  found,  for 
example,  that  in  the  last  case  the  foliage  density,  which  was 
11  to  12  for  the  test  plants,  equaled  16  for  the  linen  subjected 
to  potash  fertilizer,  and  24  for  the  linen  subjected  to  nitrogen 
fertilizer. 


The  Third  Congress  of  the  Society  of  Chemical  Industry  will 
meet  in  Paris,  from  the  20th  to  25th  of  October.  It  will  be  par- 
ticularly devoted  to  the  agricultural  applications  of  chemistry. 

August  30,  1923 


Personals    {Concluded) 


F.  A.  McMillin  has  resigned  his  position  on  the  staff  of  the 
chemistry  department  of  the  University  of  Washington  to  take 
charge  of  the  department  of  chemistry  at  the  Idaho  Technical 
Institute,  Pocatello,  Idaho. 

A.  A.  Orlinger  has  resigned  his  position  as  chemical  engineer 
and  assistant  chief  chemist  of  the  Henry  Souther  Engineering 
Co..  Hartford,  Conn.,  to  become  chemical  engineer  and  chemist 
for  the  Warren  Manufacturing  Co.,  with  headquarters  at  Milford, 
N.J. 

V.  F.  Parry,  formerly  of  the  Pittsburgh  station  of  the  Bureau 

of  Mines,  is  now  a  research  chemist  for  the  Combustion  Utilities 
Corp.,  Long  Island  City,  N.  Y. 

Arthur  E.  Rice,  president  of  the  Pennsylvania  Salt  Manu- 
facturing Co.,  Philadelphia,  Pa.,  died  suddenly  August  26  at  the 
Canyon  Hotel,  Yellowstone  Park,  where  he  was  spending  a  vaca- 
tion.    He  was  fifty-two  years  of  age. 

Elliott  S.  Robinson  has  been  appointed  assistant  director  of 
the  Division  of  Biologic  Laboratories  of  the  Massachusetts 
State  Department  of  Public  Health. 


E.  S.  Stateler  has  recently  resigned  his  position  as  an  Industrial 
Fellow  at  Mellon  Institute  to  do  research  and  developmental 
work  for  Hershey  Brothers,  manufacturers  of  chocolate,  in 
Pittsburgh,  Pa. 

V.  H.  Wallingford,  who  recently  returned  from  a  year's  study 
and  travel  as  a  fellow  of  the  Commission  for  Relief  in  Belgium 
Educational  Foundation,  has  accepted  a  position  as  research 
chemist  with  the  Mallinckrodt  Chemical  Works,  St.  Louis,  Mo. 

W.  C.  Weltman,  formerly  chemist  for  the  State  of  Illinois,  is 
now  first  assistant  chemist  for  the  St.  Louis,  San  Francisco 
Railroad  Co.,  Springfield,  Mo. 

George  Wilson,  formerly  instructor  of  chemistry  at  Purdue 
LTniversity,  Lafayette,  Ind.,  is  now  employed  in  the  Research 
Bureau  of  the  Aluminum  Company  of  America. 

N.  E.  Woldman  has  resigned  his  position  as  instructor  of  elec- 
trochemistry at  the  University  of  Maine,  to  accept  an  assistant- 
ship  in  the  department  of  chemistry  of  the  University  of  Illinois, 
where  he  will  continue  his  studies  for  his  doctor's  degree.  Mr. 
Woldman  was  formerly  secretary-treasurer  of  the  Maine  Section 
of  the  American  Chemical  Society. 
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GERMAN  LETTER 


By  HeRR  HoBBiN,  Ebenbausen  bei  Miinrhen,  Baye 


Extended  Patent  Rights 

A  German  law  of  1920  specifies  that  rights  of  patents  and 
copyrights  which  could  not  be  worked  during  the  war  can  be 
extended  beyond  their  legal  duration.  Accordingly,  the  interval 
from  August  1,  1914,  to  July  .31,  1919,  is  not  reckoned  in  the 
legal  duration  of  a  patent.  At  the  same  time  the  law  grants 
to  anyone  who  between  the  expiration  and  extension  of  a  patent 
right  has  made  use  of  the  recently  freed  invention,  the  continued 
use  without  a  license. 

As  to  whether  an  unlicensed  continuance  should  be  allowed 
to  one  who  had  already  worked  the  invention  before  the  ex- 
piration of  the  patent  right  under  infringement  of  the  same 
and  had  continued  in  it  afterward,  there  were  different  opinions. 
Through  a  decision  of  March  17,  1923,  the  court  has  now  decided 
in  favor  of  the  inventor,  in  that  it  denies  to  the  patent  infringer 
the  right  of  unlicensed  continuance. 

Hans  Goldschmidt 

Prof.  Hans  Goldschmidt,  well  known  in  scientific  and  tech- 
nical circles,  leader  and  promote  of  the  Chemischen  Fabrik 
Th.  Goldschmidt  A.-C.  in  Essen,  died  on  May  31.  at  the  age  of 
sixty-two  years.  His  most  important  accomplishment  was  the 
perfection  of  the  Thermit  process,  which  has  found  its  greatest 
use  in  the  welding  of  rails  and  tubes,  and  the  mending  of  broken 
parts  of  machinery.  It  is  based  on  the  great  heat  of  reaction 
which  aluminium  develops  in  burning  to  aluminium  oxide, 
whereby  the  heavy  metal  oxides  such  as  iron  oxide  lose  oxygen, 
and  are  reduced  to  a  molten  metal.  Through  the  aluminium- 
thermo  process  it  was  -first  possible  to  prepare  chromium, 
manganese,  molybdenum,  and  their  compounds  such  as  ferro- 
chrome,  ferrovanadium,  etc.,  pure  and  free  from  carbon.  The 
Franklin  Institute  has  honored  Dr  Goldschmidt  with  the  EHiot- 
Cresson  Medal. 

New  Developments  in  the  Lead  Chamber  Process 

In  spite  of  the  introduction  of  the  contact  process  for  the 
production  of  sulfuric  acid,  the  lead  chamber  process  continues 
to  hold  its  place.  The  repeated  successful  attempts  to  make 
it  more  profitable  are  directed  toward  limiting  the  large  require- 
ment of  lead  which  the  consti-uction  of  the  chambers  requires 
and  the  large  amount  of  necessary  space,  at  the  same  time  pro- 
curing conservation  or  increase  of  efficiency. 

An  excellent  solution  of  the  problem  for  the  past  fifteen  years 
has  been  the  approved  Opl-tower  system.  It  uses,  instead  of 
lead  chambers,  trickling  towers,  and  in  place  of  nitrous  gases 
the  quickly  reacting  liquid  nitrous  acid.  The  latter  has  been 
used  also  for  several  years  in  connection  with  the  centrifugal- 
drum  process  of  Schmiedel-Klencke.  It  is  a  characteristic  of 
this  process  that  the  nitrous  acid  is  brought  by  means  of 
plunging,  rapidly  rotating  drums  into  very  intimate  contact 
with  the  sulfur  dioxide  gases.  In  this  way  a  very  complete 
and  quick  absorption  is  accomplished.  The  process  is  especially 
valuable  for  the  preparation  of  roasting  gases  with  low  and 
varying  content  of  sulfur  dioxide. 

In  a  recent  article  in  Chemiker  Zeilung,  Herr  Opl,  the  inventor 
of  the  first-mentioned  tower  process,  recommends  taking  a  further 
step  and  constructing  trickling  towers  of  single  iron  tanks. 
This  metal  is  not  attacked  by  50  to  60-degree  acids.  In  six 
vessels  of  about  4  cubic  meters  volume,  connected  one  behind 
the  other,  the  formation  of  sulfuric  acid  is  said  to  be  effected 
in  such  a  manner  that  the  roasting  gases  under  certain  con- 
ditions may  be  converted  into  nitric  acid.  With  such  a  system 
of  six  iron  vessels  Herr  Opl  obtains  the  same  efficiency  as  with 
a  normal-sized  tower  system  taking  ten  times  the  amount  of 
space. 

Research  on  Chlorination  Processes 

Chlorine  roasting  consists,  as  is  well  known,  in  heating  copper 
ores  with  the  addition  of  alkali  or  alkali-earth  chlorides  in  the 
presence  of  air,  by  which  the  copper  is  changed  into  a  water 
and  acid-soluble  form  consisting  of  a  mixture  of  chloride,  sulfate, 
and  oxide.  This  process  is  especially  adapted  for  manufacture 
from  very  poor  ores  or  copper  waste.  Professor  Tafel,  in  Bres- 
lau,  has  recently  completed  systematic  research  on  this  process 
and  gave  a  report  of  it  at  the  convention  of  German  smelters  and 


miners.  His  work  is  at  present  limited  to  the  behavior  of  copijcr 
sulfide,  the  most  important  constituent  of  copper-containing 
iron  pyrites  waste,  for  whose  preparation  in  Germany  the  chlorine 
roasting  is  used. 

The  results  are  important  for  the  theory  and  practice  of  the 
process.  It  has  been  shown  that  it  is  not  usually  necessary  to 
attain  the  previously  prescribed  temperature  of  500°  to  600°  C. 
Moreover,  one  of  350°  to  375°  C,  is  considerably  more  favorable. 
The  theoretically  required  quantity  of  chlorinating  material 
is  given  in  the  proportion  of  1  part  copper,  1  part  chlorine — for 
example,  CuzS  :  2NaCl.  Potassium  and  calcium  chlorides 
work  more  energetically  than  sodium  chloride  In  order  that 
the  addition  of  acid  may  not  be  needed  air  is  admitted  in  small 
quantity.  Steam  is  not  necessary  for  bringing  about  the  re- 
action, neither  is  the  presence  of  iron. 

Hints  as  to  the  Durability  of  Lead  Containers 

It  often  happens  in  chemical  industries  that  lead  containers 
are  attacked  by  acids,  while  the  same  lead  material  will  resist 
the  same  acids  at  equivalent  temperatures  in  the  laboratory. 
Herr  Salvisberg  points  out  in  Chemiker  Zeitung  that  galvanic 
currents  may  be  the  cause  of  this  corrosion.  The  possibility 
of  their  origin  through  the  contact  of  the  two  metals  is  suggested, 
as  this  is  the  case  with  lead-covered  iron  containers.  In  order 
to  remedy  this  difficulty  the  apparatus  should  either  be  com- 
pletely insulated  so  that  no  contact  with  the  earth  can  take  place, 
or,  if  this  is  not  possible,  the  current  strength  and  potential  drop 
through  the  conductor  should  be  determined  by  instruments, 
and  an  equal  opposite  current  sent  through  the  apparatus. 
The  result  is  said  to  be  surprising. 

New  Method  of  Titrating  Silver  and  Halogen  Ions 

Concerning  this  subject  Professor  Fajans,  of  Miinchen,  has 
written  considerable,  and  recently  has  delivered  a  lecture  before 
the  convention  of  the  German  Bunsen  Association  for  Practical 
Physical  Chemistry.  He  has  found  that  if  to  a  very  thin,  green 
fluorescent  solution  of  sodium  fluorescein  and  alkali  chloride, 
bromide,  or  iodide,  is  added  gradually  silver  nitrate,  in  exceed- 
ing the  equivalence  point  a  sudden  change  to  a  red  color  occurs. 
On  back-titrating  with  a  very  small  excess  of  halogen  ions  the 
original  color  is  recovered.  Similarly,  the  halogen  substitution 
products  of  the  fluorescein  can  be  used  as  indicators.  The 
phenomenon  is  based  on  the  fact  that  the  colloidal  silver  halide 
portions  adsorb  the  excess  silver  hahde  ions.  To  the  silver 
ions  of  the  silver  halides  and  especially  to  the  adsorbed  excess 
silver  ions  can  be  added  the  dyestuff  anions,  and  the  red  colors 
peculiar  to  the  undissociated  salts  of  these  dyestuffs  result.  By 
adding  excess  halogen  ions  the  dyestuff  anions  at  the  surface 
can  be  precipitated. 

News  op  the  Dye  Industry 

Professor  Kalb,  of  Miinchen,  announces  that  the  shade  of 
a  dye,  with  other  properties,  can  be  frequently  changed  with 
profit.  For  example,  from  the  usual  reddish  blue  indigo  is 
obtained  pure  blue  and  greenish  blue  chlorine  and  bromine 
derivatives.  It  is  now  possible,  through  high  "iodination,"  to 
change  the  color  of  indigo  still  more,  so  that  a  pure  green  is 
obtained.  The  product  obtained  by  the  halogenation  of  indigo 
to  green  is  of  particular  interest  because  only  a  very  few  green 
vat  dyes  are  generally  known.  A  simple  process  could  be 
worked  out  for  the  production  of  high-iodinated  indigoes. 

New  Processes  of  Microsublimation 

A  very  simple  device  is  described  by  Professor  Kempf,  of 
Berlin,  in  the  Zeilschrift  fur  analytische  Chemie.  The  substance 
to  be  sublimed  is  heated  in  a  very  thin  layer  on  an  electric  hot 
plate,  the  temperature  of  which  is  accurately  regulated  and 
can  be  kept  constant  within  one  degree.  The  sublimate  is  col- 
lected directly  on  the  slides,  which  are  placed  immediately 
on  the  sublimation  material.  The  apparatus  can  also  be  used 
in  a  vacuum  and  permits  the  microphotographical  rendering 
of  the  sublimate. 

August  6,  1923 
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Atomic  Structure  and  Spectral  Lines.  By  Arnold  Sommer- 
FELD.  Translated  from  the  tliird  German  edition  by  Henry 
L.  BrosE.  xiii  +  626  pages.  E.  P.  Dutton  &  Co.,  New 
York,  1923.     Price,  $12.00. 

The  first  German  edition  of  this  book  was  published  in  1919, 
and  contained  550  pages.  The  fact  that  this  work  has  passed 
through  two  editions  in  a  relatively  short  time  is  sufficient 
evidence  of  its  popularity  even  in  the  original  German  form. 
The  need  of  translating  this  monumental  work  into  English  has 
been  felt  for  some  time,  and  undoubtedly  the  present  translation 
will  be  welcomed  by  a  very  large  number  of  scientific  men  in 
England  and  America.  The  translator  is  to  be  complimented 
upon  his  work.  Only  on  rare  occasions  does  he  slip  into  German 
idiom,  but,  on  the  whole,  he  has  succeeded  in  producing  an  ex- 
tremely readable  work. 

Nothing  can  indicate  better  the  rapidity  of  progress  in  the 
particular  realm  of  science  which  is  the  subject  of  the  present 
work  than  the  fact  that  almost  three-quarters  of  it  are  devoted  to 
a  discussion  of  developments  during  th«,  past  decade.  Bohr 
published  his  first  paper  in  191.3,  and  in  the  same  year  Laue 
carried  out  his  epoch-making  investigation  on  the  nature  of 
X-rays.  The  various  physical  phenomena  and  theoretical 
speculations  discussed  by  Sommerfeld  may  be  regarded  as  origi- 
nating largely  in  the  discoveries  of  these  two  investigators. 

The  first  two  chapters  are  devoted  to  an  excellent  and  yet 
concise  discussion  of  such  topics  as  the  nature  of  cathode  rays, 
canal  rays,  alpha  and  beta  rays,  the  theory  of  X-rays  based  on 
classical  electrodynamics,  radioactive  phenomena,  nuclear  charge, 
the  periodic  law,  and  theory  of  isotopes.  The  photo-electric 
effect  is  described  and  the  author  is  thus  able  to  introduce  the 
experimental  evidence  obtained  by  Millikan  and  his  collaborators 
for  the  validity  of  Einstein's  law  (  Fe  =  hv)  and  the  existence 
of  the  quantum  constant  h.  (This  method  of  introducing  the 
beginner  to  the  quantum  theory  has  always  appealed  to  the  re- 
viewer as  much  simpler  than  the  classical  method  which  involves 
an  abstract  discussion  of  Planck's  radiation  laws.)  Sommerfeld 
also  points  out  that  Bohr's  fundamental  equation  liv  =  If,  —  ]\\ 
is  the  counterpart  of  Einstein's  law. 

The  third  chapter.  X-ray  Spectra,  contains  a  discussion  of 
the  methods  of  measuring  wave  lengths  and  characteristic  lines. 
In  the  fourth  chapter  the  author  shows  that  the  quantum 
hypothesis  may  be  expressed  in  the  form  of  the  postulate  that  the 
phase  integral  must  be  a  whole  multiple  of  the  quantum  of  action 
/;.  Bohr's  theory  of  the  spectrum  of  hydrogen  and  ionized 
helium  and  the  extension  of  this  theon,'  to  include  elliptic  orbits 
are  discussed  very  fully. 

The  fifth  chapter  contains  a  discussion  of  the  most  recent  de- 
velopment in  the  quantum  theory  of  spectral  series,  such  as  the 
principles  of  selection  and  correspondence,  the  application  to 
Stark  and  Zeeman  effect  and  the  adiabatic  hypothesis. 

The  quantum  theory  of  series  spectra  in  general  is  taken  up 
ven,"  fully  in  Chapter  VI,  and  shows  how  Bohr's  theory  has  given 
us  an  interpretation  of  a  vast  amount  of  data  so  carefully  com- 
piled by  spectroscopists  and,  by  means  of  the  relation  of  these  to 
ionization  and  resonance  potentials,  has  led  to  a  deeper  under- 
standing of  atomic  structure.  This  marvelous  success  of  a  bold 
speculation  will  rank  as  one  of  the  most  epoch-making  achieve- 
ments in  the  history  of  science. 

Chapter  Vll  is  devoted  to  the  quantum  theory  of  band  spectra, 
and  in  Chapter  VIII  the  author  discusses  his  theory  of  the  fine 
structure  of  spectral  lines.     The  greatest  interest  attached  to 


this  theory  is  the  fact  that  it  furnishes  experimental  evidence  for 
the  Einstein  theory  of  relativity. 

While  the  author  has  not  hesitated  at  the  use  of  mathematical 
derivations  in  connection  with  the  different  topics,  he  has  wisely 
kept  out  the  more  difficult  mathematical  treatment  in  each 
case  and  added  this  in  the  form  of  copious  notes  at  the  end  of 
the  volume. 

While  this  work  covers,  to  a  certain  extent,  the  .same  ground 
as  that  already  covered  so  well  by  Foote  and  Mohler  in  their 
volume  on  "The  Quantum  Theory  of  Spectral  Series,"  the  reader 
will  find  in  it  an  extremely  valuable  supplement  to  the  latter. 

S.\UL   DUSHMAN 

The  Manufacture  of  Acids  and  Alkalies.  By  George  Lunge, 
Ph.D.  Completely  revised  and  rewritten  under  the  editorship 
of  .■Vue.x.ander  Ch.\r[,es  Cum.ming.  D.Sc. 

Vol.  I.  Raw  Materials  for  the  Manufacture  of  Sulphuric 
Acid  and  Sulphur  Dioxide.  By  Wilfrid  Wvld.  xvi  -f  ,i42 
pages.  Illustrated.  D.  Van  Nostrand  Co.,  New  York,  192.3. 
Price,  SlO.OO. 

Vol.  V.  The  Manufacture  of  Hydrochloric  Acid  and  Salt- 
Cake.  By  A.  C.  Gumming,  xvi  +  424  pages.  Illustrated. 
D.  Van  Nostrand  Co..  New  York,  1923.     Price,  $8.50. 

"Sulphuric  Acid  and  Alkali,"  by  George  Lunge,  has  frequently 
been  referred  to  as  the  "Bible  of  the  heavy  chemical  industry." 
Originally  published  in  1879,  it  has  from  time  to  time  been  revised, 
extended,  and  brought  into  line  with  new  developments  in  the 
manufacturing  art. 

The  position  of  Dr.  Lunge  as  a  compiler  of  books  on  heavy 
chemical  manufacture  was  somewhat  different  from  other  authors 
of  similar  works.  Dr.  Lunge  had  been  a  chemical  manufacturer, 
and  later  professor  and  professor  emeritus  in  the  Federal  Tech- 
nical University,  Zurich.  He  was  an  indefatigable  reader  and 
collector  of  data,  and  carried  on  an  extensive  correspondence  with 
prominent  men  in  the  industry. 

The  place  of  "Lunge"  in  heavy  chemical  literature  was  there- 
fore unique,  and  each  new  edition  was  a  matter  of  considerable 
interest  to  chemical  technologists  because  of  the  certain  ap- 
pearance of  descriptions  of  new  plants  and  processes. 

After  Dr.  Lunge's  death  the  question  of  his  successor  became 
a  matter  of  great  interest  to  the  industry,  and  the  appearance 
of  the  first  volumes  has  therefore  been  awaited  with  some  eager- 
ness and  curiosity. 

The  new  editor,  A.  C.  Gumming,  has  a  difficult  problem,  and 
his  method  of  attack  is  best  illustrated  by  the  following  para- 
graphs from  the  Editor's  Preface; 

It  is  doubtful  if  any  one  man  could  take  up  Dr.  Lunge's  task 
of  describing  adequately  all  the  industries  now  dealt  with  in 
these  volumes  and  it  is  certain  that  few  would  care  to  attempt  it. 
Each  volume  will  therefore  be  on  a  special  subject  and  dealt  with 
by  a  separate  author  who  is  responsible  for  that  volume  and  is 
given  a  wide  discretion  in  his  treatment  of  the  subject. 

The  editor  trusts  that  these  united  efforts  will  produce  a  new 
edition  worthy  of  the  great  tradition  which  Dr.  Lunge  has 
established. 

In  effect,  this  apparently  means  the  passing  of  "Lunge," 
as  it  has  been  known,  and  the  appearance  of  a  complete  new- 
work  related  only  by  title  to  the  original. 

Whether  this  new  "Lunge"  will  some  day  occupy  the  position 
of  Dr.  Lunge's  own  work,  cannot  be  decided  on  the  first  two 
volumes  alone.  The  advertising  pages  at  the  end  indicate  that 
seven  volumes  are  in  preparation,  with  others  to  follow,  so  final 
judgment  of  the  effort  must  await  its  completion. 
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Mr.  Wyld's  contribution  to  the  series,  "Raw  Materials  for  the 
Manufacture  of  Sulphuric  Acid  and  Sulphur  Dioxide,"  follows 
the  outline  of  Vol.  I,  Part  1,  of  the  fourth  (1913)  edition  of 
"Lunge."  The  historical  preface  and  the  properties  of  the  raw 
materials  are  not  greatly  changed,  but  the  rest  of  the  matter 
has  been  brought  up  to  date.  Statistics  were  evidently  compiled, 
as  far  as  available,  up  to  1922,  so  they  give  a  picture  of  the  status 
and  use  of  the  raw  materials  of  the  sulfuric  acid  industry  before, 
during,  and  after  the  World  War. 

There  are  some  e\'ideuces  of  incomplete  revision  in  the  form  of 
conflicting  statements,  as,  for  instance,  on  page  162:  "Many 
years  ago  several  works  ran  their  nitre  as  a  solution  in  water 
into  the  chambers.  This  has  long  since  been  discontinued*  *  * 
no  independent  favorable  testimony  has  been  pubUshed*  *  *," 
and  on  page  164,  "According  to  the  50th  Report  of  the  Alkali 
Inspector,  the  appUcation  of  a  solution  of  nitrate  of  soda*  *  * 
to  the  first  chamber  has  answered  ver>'  well." 

Interesting  details  of  the  supply  of  nitrogen  oxides  to  chamber 
plants  through  oxidation  of  ammonia  are  given  on  pages  166  to 
175.  The  statement  on  page  174  that  this  process  had  replaced 
"plotting"  at  all  the  works  of  the  United  Alkali  Company 
(in  England)  should  encourage  trial  installations  on  chamber 
plants  in  this  countrj'. 

The  chapter  on  p>Tites  burners  is  much  more  complete  than 
the  similar  chapters  in  earher  "Lunges,"  doubtless  because  of 
Mr.  Wyld's  familiarity  with  mechanical  furnaces. 

Taken  altogether,  the  new  volume  is  a  creditable  piece  of 
work,  which  displays  throughout  its  542  pages  a  painstaking 
effort  to  follow  Dr.  Lunge's  practice  and  incorporate  everything 
worth  while. 

Vol.  V,  "The  Manufacture  of  Hydrochloric  Acid  and  Salt- 
cake,"  has  been  produced  by  the  general  editor,  A.  C.  Gumming. 
It  replaces  Vol.  II,  Part  1,  of  "Lunge,"  but  does  not  follow  the 
same  order  of  treatment  of  the  subject.  The  last  edition  of 
Lunge,  ^^ol.  II,  Part  1,  was  pubhshed  in  1909,  so  there  was  a 
definite  need  for  a  revised  edition  incorporating  the  developments 
of  the  last  fifteen  years. 

The  first  few  pages  of  Dr.  Cumming's  volume  bear  evidence 
of  a  set  task  to  be  fulfilled  as  soon  as  possible.  No  other  explana- 
tion would  fit  the  inclusion  of  statistics  on  salt  production  and 
consumption  exactly  as  in  the  1909  "Lunge."  Dr.  Lunge  gave 
his  figures  up  to  1907.  Dr.  Gumming  does  not  add  any  figures 
beyond  1907,  and  as  the  same  wording  appears,  there  is  no  sug- 
gestion of  a  desire  to  present  current  material,  but  rather  the 
easy  use  of  paste  and  shears. 

In  glancing  through  parallel  pages  of  "Lunge"  and  Dr.  Cum- 
ming's, the  paste  and  shears  become  more  evident.  New  mate- 
rial is  so  conspicuously  absent  that  on  arriving  at  page  188  a 
feeling  of  rehef  results  from  the  sight  of  a  drawing  and  descrip- 
tive matter  of  Six  and  Guttmann's  mechanical  saltcake  furnace, 
not  included  in  "Lunge." 

The  author  had  a  chance  to  present  new  material  on  conden- 
sation equipment,  direct  manufacture  from  chlorine  and  hydro- 
gen, and  to  give  details  on  bulk  movement  of  the  acid  in  wood 
and  rubber-lined  metal,  tank  cars,  but  all  these  opportunities 
were  passed  over. 

The  theory  of  coohng  and  absorbing  hydrochloric  acid  has 
received  more  attention  in  Dr.  Cumming's  volume,  but  even  this 
phase  has  not  been  brought  entirely  up  to  date. 

Mr.  Wyld's  volume  is  a  contribution  to  the  literature  of  the 
hea\'y  chemical  industry,  but  Dr.  Cumming's  "Hydrochloric 
Acid  and  Saltcake,"  in  the  reviewer's  opinion,  is  not  a  worthy 
successor  to  Vol.  II,  Part  1,  of  "Limge" — in  fact,  there  does  not 
appear  to  be  much  justification  for  its  publication.  It  would 
seem  to  have  been  a  more  desirable  policy  to  postpone  the  prepa- 
ration of  this  particular  volume  until  an  author  was  found  familiar 
with  the  subject  and  willing  to  take  pains  in  collecting  and  pre- 
senting information.  .     „    , , 

A.  E.  Marshal!, 


Forest  Resources  of  the  'World.  Vols.  I  and  n.  By  Raphael 
ZoN  AND  W.  N.  Sparhawk.  xiv  +  997  pages.  McGraw- 
Hill  Book  Co.,  Inc.,  New  York,  1923.     Price,  $12.00. 

We  frequently  see  estimates  of  the  amount  of  standing  timber 
left  in  this  country,  the  rate  at  which  it  is  being  cut  and  the  rate 
at  which  new  timber  is  growing.  This  publication  is,  however, 
the  first  in  which  complete  information  of  this  sort  has  been 
gathered  together  to  cover  the  forest  resources  of  aU  countries. 
The  information  given  is  not  entirely  statistical,  but  the  character 
of  the  forests,  the  uses  of  the  wood,  and  the  general  status  of 
public  and  private  forestry  are  discussed  for  each  country. 
Typical  headings  for  the  arrangement  of  the  information  on  the 
forests  of  each  country  are  as  follows :  Forest  Area,  Character  of 
Forest,  Character  of  Ownership,  Annual  Cut,  Annual  Growth, 
Domestic  Consumption,  Exports  and  Imports,  Wood-Using 
Industries,  Forestry  Education,  Forest  Laws,  and  Probable 
Future.  In  many  cases  the  figures  given  are  only  estimates, 
but  the  amount  of  detailed  information  which  has  been  gathered 
in  regard  to  the  forests  of  the  world  is  surprisingly  large. 

The  book  is  easy  to  read  and  the  style  is  sufficiently  varied  to 
prevent  it  from  becoming  a  monotonous  repetition  of  statistical 
information.  A  series  of  new  colored  maps  are  provided,  by 
which  the  character  and  location  of  the  forests  of  different  sec- 
tions can  be  rapidly  determined.  These  maps  alone  give  more 
information  on  the  general  subject  than  has  been  gathered  to- 
gether into  one  previous  publication. 

The  main  part  of  the  work  of  direct  interest  to  chemists  is  the 
ninth  chapter,  Forest  Resources  Other  than  Timber.  In  this 
chapter  the  subjects  of  pulp  and  paper,  resins,  naval  stores,  rub- 
ber, tanning  materials,  dyewoods,  cork,  wood  distillation,  edible 
products,  and  vegetable  oils  are  briefly  discussed  from  the  stand- 
point of  statistics  and  supplies  of  raw  material.  This  is  not, 
however,  the  only  place  where  these  subjects  are  mentioned,  since 
in  ever}'  case  where  a  country  is  important  as  a  producer  of  chem- 
ical raw  materials  from  the  forests  these  materials  are  discussed 
under  the  heading  of  the  wood-using  industries  of  that  country. 
To  the  chemist,  therefore,  the  book  will  be  of  chief  interest  in 
gi\-ing  complete  and  detailed  information  on  the  source  of  the 
chemical  materials  which  come  from  the  forest. 

L.  F.  Hawley 

Heat  Transmission  through  Walls,  Concretes,  and  Plasters. 
By  EzER  Griffiths.  33  pages.  H.  M.  Stationer}-  Office, 
London,  1923.     Price,  Is.  6d.,  net. 

This  pamphlet  is  a  publication  of  the  Building  Research  Board, 
Department  of  Scientific  and  Industrial  Research  of  England, 
It  gives  a  description  of  apparatus  used  and  summar}'  of  results 
obtained  in  experiments  conducted  by  the  author  to  determine 
the  rates  of  heat  transmission  through  various  types  of  wall 
construction  common  in  English  building  practice. 

The  methods  used  in  investigations  are  similar  to  those  em- 
ployed by  American  investigators.  However,  the  materials 
reported  on  are  not  common  to  the  building  construction  trade 
in  this  country.  Therefore,  a  direct  comparison  with  results 
obtained  by  investigators  and  authorities  in  this  country  is  of 
Uttle  value. 

Appendices  are  included  in  the  book  which  describe  wall  con- 
structions experimented  on  over  an  extended  period  by  Nor- 
wegian investigators,  also  a  summary  of  results  obtained  by  a 
committee  appointed  by  the  Academy  of  Engineering  Science, 
Stockholm,  Sweden. 

The  conclusions  laid  down  as  the  results  of  the  Norwegian 
experiments,  as  well  as  the  principles  embodied  in  a  new  type  of 
German  wall  construction  briefly  described,  are  interesting  and 
well  worth  study  by  those  interested  in  the  conservation  of  heat 
used  for  industrial  buildings,  as  well  as  dwelling  houses. 

Edgar  C.  Raek 
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A  Symbol  of  Safety.  By  Harry  Chase  Brearley.  xiv  + 
290  pages.     Doubleday  Page  &  Co..  New  York,  1923.     Price, 

$2.50. 

The  "Symbol  of  Safety"  is  the  label  of  the  Underwriters' 
Laboratories,  Inc.,  and  Mr.  Brearley's  book  is  a  review  of  the 
activities  and  significance  of  the  work  of  this  institution. 

In  a  general  way  most  of  us  are  familiar  with  some  form  of 
equipment  carrying  the  label  "Underwriters'  Laboratories 
Inspected,"  whether  it  be  a  fire  extinguisher,  a  valve,  a  ladder, 
or  even  a  Christmas  tree  lighting  outfit.  We  also  have  a  hazy 
idea  (uiJess  our  work  has  brought  us  into  direct  contact  with 
the  laboratories)  that  the  label-  means  a  standard  of  construction 
and  performance. 

The  book,  while  essentially  written  for  the  nonscientific  reader, 
gives  a  clear  picture  of  the  development  and  growth  of  Under- 
writers' Laboratories,  from  a  single  room  and  a  total  force  of 
three  in  1893  to  a  main  testing  plant  occupying  55,000  square 
feet,  two  branch  laboratories,  and  employing  four  htindred  and 
fifty  people  in  1922. 

The  story  is  interesting  to  the  chemist  and  the  engineer,  as 
it  shows  the  gradual  appreciation  by  outside  interests  of  the 
reliability  and  value  of  laboratory  testing  methods. 

The  present  scope  of  the  testing  work  of  Underwriters'  Labora- 
tories will  surprise  most  readers  of  the  book.  Certificates  of 
air-worthiness  for  aeroplanes,  rating  of  automobiles  as  regards 
fire  hazards,  testing  of  gasoline  supply  systems,  and  determination 
of  the  ultimate  breaking  point  of  building  columns  under  load 
and  conflagration  conditions,  are  some  of  the  unexpected  features 
of  the  laboratories'  operations. 

The  important  position  of  Underwriters'  Laboratories  in 
relation  to  industry  is  indicated  by  the  statement  that  over 
half  a  billion  labels  were  issued  and  applied  to  inspected  equip- 
ment in  1922. 

The  book,  despite  its  nontechnical  language,  is  well  and  in- 
terestingly written.  It  is  free  from  evident  errors  and  bears 
internal  evidence  of  careful  revision. 

The  illustrations  are  remarkably  good,  and  as  they  occupy 
75  pages  in  comparison  to  247  pages  of  text  matter,  it  would 
seem  that  the  photographer,  following  current  motion  picture 
practice,  should  have  received  title  page  acknowledgment. 

A.  E.  Marshall 

Material  Handling  Cyclopedia.  Edited  and  compiled  by  Rov 
V.  Wright,  John  G.  Little,  Robert  C.  Augur,  and  seven 
others.  847  pages.  Simmons-Boardman  Publishing  Co.,  New 
York,    1921.     Price,    buckram    $6.00;  leather,    $12.00. 

As  its  name  implies,  this  volume  is  a  complete  compendium 
of  information  on  tools  for  handling  materials.  It  consists  of 
three  distinct  sections.  The  first  section  is  a  dictionary  of  the 
terms  used  later,  and  thus  a  reasonably  complete  dictionary  of 
the  terms  in  general  use  in  this  kind  of  work.  Probably  the 
most  interesting  point  about  this  section  is  that  it  serves  as  the 
general  index  to  the  volume.  After  each  definition  is  noted  the 
page  or  pages  in  the  later  sections  on  which  full  discussion  of 
that  subject  is  to  be  found.  This  innovation  might  well  be 
followed  by  other  compilers  of  such  compendia,  for  certainly 
it  couples  the  idea  directly  with  its  full  explanation.  However, 
one  unfamiliar  with  the  scheme  on  which  this  index  is  built  will 
search  in  vain  through  the  book  for  the  customary  general  index, 
as  the  only  other  one  included  is  a  table  of  contents  listing  the 
sections  and  chapters  in  the  order  in  which  they  are  treated. 
The  dictionary  itself  is  divided  into  two  parts,  one  dealing  with 
general  terms  and  the  other  with  electrical  terms. 

The  second  section  is  entirely  descriptive  of  material  handling 
equipment  and  makes  up  more  than  half  of  the  whole  book.  Here 
qualified  individuals  discuss  the  various  phases  of  the  problems 
met  under  the  following  chapter  headings:  Hoisting  Machinery, 


Package  Handling  Conveyors  and  Elevators,  Loose  Material 
Conveyors  and  Elevators,  Conveying  Machinery  Details,  Ele- 
vators, Trackless  Transportation,  Industrial  Rail  Transporta- 
tion, and  Handling  Systems. 

The  third  section  is  devoted  to  advertising.  It  is  interesting 
to  note  the  method  of  handling  this  material,  which,  incidentally, 
is  well  indexed  and  cross  indexed.  The  pages  are  made  up  in 
strict  conformity  with  the  preceding  text  section  and  the  only 
indication  of  their  advertising  nature  is  that  the  signature  of 
the  advertiser  appears  at  the  bottom  of  each  page.  No  typo- 
graphical displays  of  any  kind  are  included,  and  as  one  glances 
through  the  book  it  is  not  at  all  obvious  where  one  section  ends 
and  the  other  begins. 


NEW  BOOKS 


Aluminium  Facts  and  Figures  (Vest  Pocket  Edition).     55  pp.     Price,  2s.  6d. 

The  British  Aluminium  Co.,  Ltd.,  London. 
Chemical    Resistance    of    Engineering    Materials.       Marston     Lovbui. 

Hamlin  and  Francis   Mills  Turner.  Jr.      264  pp.      Price,  $5.00. 

Chemical  Catalog  Co.,  Inc.,  New  York. 
Chemistry  as  a  Career.     A  Synopsis  of  Lectures  Given  by  the  Registrar 

before    College    Chemical    Societies    during    1921-1923.      Institute    of 

Chemistry  of  Great  ^Britain  and  Ireland,  London. 
Course  in   General   Chemistry,  Including  an  Introduction    to  Qualitativa 

Analysis.     William  C.   Bray  and  Wendull  M.  Latimer.     14.S  pp. 

Price,  $1.60.     The  Macmillan  Co.,  New  York. 
Cultivation  of  Lac  in  the  Plains  of  India.     Rai  Bahadur  C.  S.   Misra. 

Bulletin    No.     142,    Agricultural    Research    Institute,    Pusa.      83    pp. 

Price,  Rs.  1  SAs.      Superintendent  of  Government  Printing,  Calcutta. 
Dictionnaires  Techniques  Illustres  en  Six  Langues.     Francais-Allemand- 

Anglais-Russe-Italien-Espagnol.     A.   Schlomann.     13  volumes,   each 

devoted  to  a  separate  branch  of  engineering  and  industry.     Dunod, 

Paris. 
Domain  of  Natural  Science.     E    W.  Hobson.     The  Gifford  Lectures  De- 
livered  in    the    University   of    Aberdeen   in    1921    and    1922.      510   pp. 

Price,  $6,50.      The  Macmillan  Co.,  New  York. 
Fundamentals  of  Organic  and  Biological  Chemistry.     Thomas  Guthrib 

Phillips.      260  pp.      Price,  $2.00.      D.  Appleton  &  Co.,  New  York. 
Hydraulics  for  Engineers  and  Engineering   Students.     F.   C.   Lba.     4th 

edition.     594  pp.     Price,  $6.00  net.     Longmans,   Green  &  Co.,  New 

York.     A  revised  and  enlarged  edition,  intended  to  be  of  value  not 

only  to  practicing  engineers  but  to  students. 
Laboratory  Experiments  in  Chemistry  to  Accompany  Black  and  Conant's 

"Practical  Chemistry."     H.  Henry  Black.     167  pp.     Price,  80  cents. 

The  Macmillan  Co.,  New  York. 
Materie,  Elektrizitat,  Energie;  Die  Entwicklung  der  Atomistik  in  den  Letzten 

Zehn  Jahren.     W.   Gerlach.     Vol.  VII.     Wissenschaftliche  Forsch- 

ungsberichte.     Naturwissenschaftliche  Reihe,  edited  by  R.  E.  Liese- 

GANG.      195  pp.      Price,  3s.  3d.      T.  Steinkopff,  Dresden  and  Leipzig. 
Mineral  Industry  of  the  British  Empire  and  Foreign  Countries.     Statistics, 

1919-21.     Tin.     Imperial  Mineral  Resources  Bureau.     44  pp.    Price, 

Is.  6d.      H.  M.  Stationery  Office.  London. 
Neueren  Chemotherapeutischen  Praparate  aus  der  Chininreihe  (Optochin, 

im  Besonderen  Eukupin  und  Vuzin)  und  aus  der  Akridinreihe  (Trypa- 

flavin,  Rivenoll.     E.  Laqueur.  assisted  by  \.  Grevenstue.  A.  Sluy- 

TERS,  AND  L.   K.  WpLFF.      90  pp.      Price,  paper,  3s.      Julius  Springer, 

Berlin. 
Organic  Analysis,  Qualitative  and  Quantitative.      E.  de  Barry  Barnett 

AND  P.  C.  L.  Thorne.     180  pp.     Illustrated.     Price,  $2.25.     D.  Van 

Nostrand  Co..  New  York. 
Preliminary  Experiments  in  the  Low-Temperature  Carbonisation  of  Coal  in 

Vertical     Retorts.     Fuel     Research      Board.       Technical      Paper      7. 

Department    of   Scientific    and    Industrial    Research.     27   pp.     Price, 

lOd.      H.  M.  Stationery  Office,  London. 
Production  of  Liquid  Fuels  from  Oil  Shale  and  Coa'l  in  Australia.     R.  E. 

Thwaites.     Institute    of     Science  and  Industry.      Bulletin     24.       62 

pp.      Government  Printer,  Melbourne. 
Soils,  Their  Property  and  Management.     T.  Lyttleton  Lyon,  Elmer  O. 

FippiN,  and  Harry  O.  Buckman.     Rural  Textbook  .Series.     704  pp. 

Illustrated.      Price.  $3.2:5.      The  Macmillan  Co.,  New  Yoik. 
Tabelle  und  Anleitung  zur  Ermittelung  des  Fettgehaltes  nach  Vereinfachtem 

Verfahren  in  Narhungsmitteln.     Futtermittein  und  Gebrauchsgegen- 

standen.      J.  Grossfeud.      12  pp.      Price,  Is.      J.  Springer,  Berlin. 
Text  Book  of  Physics  for  the  Use  of  Students  of  Science  and  Engineering. 

Parts  II  and  III.     Heat  and  Light.     J.  Duncan  and  S.  G.  Starlino. 

314  pp.      Price.  $2.00.      The  Macmillan  Co.,  New  York. 
Viscosity  of  Cellulose.     R.  D.  Report  No.  22  (Part  III).     Price,  Is.  9Kd. 

H.  M.  Stationery  Office,  London. 
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Commerce  Reports — August 

Notice — Commerce  Reports  arc  received  by  alt  large  libraries  and  may  be 
eonsulud  there,  or  single  numbers  can  he  secured  by  application  to  the  Bureau 
of  Foreign  and  Domestic  Commerce,  Department  of  Commerce,  Washington, 
D.  C.  The  regular  subscription  rate  for  these  Commerce  Reports  mailed 
weekly  is  $3.00  per  year  (.10  cents  per  single  copy),  payable  in  advance  to  the 
Superintendent  of  Documents,  Coi-crnment  Printing  Office,  Washington,  D.  C. 

The  Hide  and  Leather  Division  of  the  Department  of  Com- 
merce has  received  a  list  of  the  tamieries  in  the  Department  of 
Valle  del  Causa.  Colombia.  This  list  is  available  to  firms  regis- 
tered on  the  Exporters'  Index.     (P.  3-13) 

The  President  of  Mexico  has  signed  a  decree  which  exempts 
from  import  duties  all  petroleum  imported  into  Mexico  for  the 
purpose  of  refining.  This  concession  is  made  to  assist  the  Mexi- 
can refining  industry  which  has  been  passing  through  a  severe 
crisis  because  of  the  scarcity  of  oil  coming  from  the  Mexican 
fields  for  refining.   (P.  351) 

The  annual  consumption  of  paraffin  wax  in  Constantinople 
is  between  1000  and  2000  sacks,  of  which  7.5  per  cent  is  supplied 
by  American  firms  and  the  remainder  by  Rumania.  The  pros- 
pects for  the  future  development  of  the  trade  in  paraffin  in  Turkey 
appear  to  be  good.     (P.  352) 

There  is  a  small  but  consistent  demand  for  calcium  carbide 
in  the  Colombo  consular  district,  and  at  present  the  United 
States  is  not  on  the  list  of  suppliers.     (P.  360) 

Honduras  offers  a  rapidly  expanding  market  for  paints.  (Pp. 
360-1) 

The  annual  report  of  the  Harzgesellschaft  shows  that  in  the 
year  1922,  127  tons  of  resin  were  extracted.  From  this  amount 
88,000  kilos  of  finished  resi^  and  20,500  kilos  of  turpentine  were 
obtained.  The  Deutsche  Harzgesellschaft  has  enlarged  its 
works  and  has  leased  new  ground  and  an  increased  production 
is  anticipated.     (P.  361) 

The  German  press  is  now  emphasizing  the  desirability  of  con- 
cluding an  arrangement  with  Russia  to  open  up  the  latter's 
enormous  phosphate  resources  and  convert  the  raw  material  to 
superphosphate  on  the  ground  in  chemical  plants  operated  by 
Germany.     (Pp.  361-2) 

According  to  certain  German  dealers,  wages  and  salaries  in 
Baden  have  increased  to  such  an  extent  that  certain  chemicals 
can  be  imported  at  a  lower  price  than  it  would  cost  to  manu- 
facture them  in  Germany.  Stuttgart  dealers  claim  that  prices 
of  chemicals  in  the  occupied  areas  are  approximately  50  per 
cent  lower  than  in  the  unoccupied  areas.     (P.  362) 

The  use  of  calcium  carbide  is  gradually  decreasing  in  the  state 
of  Sao  Paulo.   Brazil.      iP.  362) 

Intensified  activity  on  the  part  of  oil  shale  mines  bwned  by 
the  Esthonian  government  resulted  in  a  considerable  increase 
in  the  total  value  of  the  production  in  1922  as  compared  with 
previous  years.      (P.   417) 

The  exports  of  chemicals  and  allied  products  from  the  United 
States  for  the  first  six  months  of  1923  had  an  aggregate  value  of 
575,125,022,  an  increase  of  21  per  cent  over  the  first  six  months 
of  1922  and  equivalent  to  07  per  cent  of  the  total  value  of  SI  12,- 
8;B6.432  for  the  entire  year  1922,  June  being  the  record  month. 
(Pp.  419-22) 

An  American  concern  is  to  build  a  kraft  pulp  mill  in  Ontario, 
Canada,  with  a  minimum  daily  capacity  of  75  tons.  The  manu- 
facture of  kraft  paper  is  a  new  development  in  that  community 
and  will  bring  into  use  a  wider  variety  of  woods  than  has  been 
used.     (P.  431) 

The  importation  into  Mexico  of  all  narcotic  drugs,  except  by 
the  Public  Health  Department  of  the  government,  has  been 
prohibited.     (P.  438) 

Figures  are  given  showing  the  new  increase  in  Polish  consump- 
tion taxes  on  mineral  oils.     (P.  -140) 

A  new  Swiss  carburetor  has  been  invented  with  features  that 
permit  the  use  of  benzene,  gasoline,  kerosene,  or  alcohol,  without 
alteration  of  the  carburetor.     (P.  463) 

The  Japanese  heavy  chemicals  and  dyestuffs  market  in  1922 
is  reviewed.  It  is  pointed  out  that  the  United  States  has  not 
held  the  position  which  it  gained  during  the  war,  with  the  single 
exception  of  the  trade  in  sulfate  of  ammonia.  For  other  heavy 
chemicals  and  dyestuffs  Japan  is  now  turning  to  England  and 
Germany,  principalh'  because  better  prices  can  be  had  from  those 
countries.     (Pp.  465-6) 


Statistics  are  given  showing  the  Canadian  production,  im- 
ports, and  exports  of  arsenic  in  1921  and  1922.     (P.  466) 

Interested  parties  may  obtain  from  the  Bureau  of  Foreign 
and  Domestic  Commerce  a  complete  list  of  the  names  and  ad- 
dresses of  quinine  plantations  in  the  Netherlands  East  Indies. 
(P.  466) 

The  Chilean  Congress  is  considering  the  question  of  having 
an  international  exposition  of  .products  relating  to  mining, 
metallurgy,  and  nitrate  at  Santiago  in  1924.     (Pp.  479-80) 

A  general  feeling  of  optimism  characterizes  the  petroleum 
situation  in  Rumania.  Production  is  good  and  on  the  whole 
there  is  considerable  confidence  in  the  situation.      (P.  481) 

Small  quantities  of  Cuban  motor  alcohol  have  been  imported 
recently  into  the  Canary  Islands  for  experimental  purposes  with 
a  view  to  tiie  introduction  of  that  product  there.     (P.  483 

The  construction  of  the  canal  through  the  Coyuca  and  San 
Jeronimo  lagoons  in  Mexico  is  bringing  to  light  an  almost  in- 
exhaustible supply  of  mangrove,  the  bark  of  which  is  used  so 
e.xtensively  in  the  tanning  industry,      i  P.  4S7) 

It  is  estimated  that  the  Swedish  wood  pulp  production  for 
this  year,  instead  of  being  normal  (approximately  880,000  metric 
tons),  will  be  about  720,000  metric  tons,  of  which  about  .535,000 
tons  will  be  available  for  export.  Production  has  been  lowered 
because  of  labor  troubles.      (P.  488) 

By  a  recent  Mexican  decree  all  products  obtained  from  foreign 
petroleum  imported  for  refining  will  pay  only  15  per  cent  of  the 
current  quotas  and  will  be  exempt  from  the  Mexican  export 
duties.     (P.  497) 

The  Scottish  mineral  oil  industry  has  survived  the  stress  of 
recent  years  and  is  now  in  practically  full  operation.      (P.  537) 

Both  the  import  and  export  trade  of  the  United  States  in 
chemicals  and  allied  products  have  been  on  the  upswing  during 
the  first  six  months  of  1923.  An  exact  comparison  of  the  im- 
port trade  with  corresponding  months  of  1922  cannot  be  made 
owing  to  the  change  in  classification  necessitated  by  the  alter- 
ations in  the  import  schedule.  A  conservative  estimate,  however, 
would  place  the  gain  in  incoming  shipments  at  over  40  per  cent. 
(Pp.  543-4) 

Samples  of  a  wood  fiber,  known  in  the  state  of  Vera  Cruz 
as  "jonote,"  have  been  received  in  the  Textile  Di\-ision  of  the 
Bureau  of  Foreign  and  Domestic  Commerce,  and  are  available 
for  inspection.     (P.  551) 

In  accordance  with  the  Commercial  Treaty  between  Austria 
and  Italy,  the  latter  has  agreed  to  grant  special  rates  on  the 
following  commodities  imported  from  Austria :  articles  of  copper, 
nickel,  zinc,  and  their  alloys;  magnesite  bricks;  carbonic  acid, 
copper  sulfate,  ammonium  sulfate;  varnishes;  glue;  and  pulp 
for  the  manufacture  of  paper.  Austria,  on  the  other  hand, 
has  agreed  to  admit  the  following  Italian  goods  at  special  rates: 
olive  oil;  essential  oils,  sulfur,  boric,  tartaric,  and  citric  adds; 
borax;  ammonium  sulfate,  calcium  citrate,  copper  sulfate;  super- 
phosphates; calcium  cyanide;  and  oilseed  cakes.     (P.  562) 

Italy  has  modified  her  general  customs  tariff  rates  on  the 
following  American  products:  artificial  silk;  aluminium  and  its 
alloys,  essence  of  turpentine;  sodium  carbonate;  barium  chloride; 
lithopone;  chemical  fertilizers,  including  calcium  cyanamide  and 
impure  nitrate  of  ammonium;  formaldehyde;  and  organic  syn- 
thetic colors.     (P.  563) 

Italy  has  slightly  reduced  her  customs  tariff  on  American 
ferro-alloys.     (P.  564) 

Latvia  has  placed  an  import  duty  on  salt.     (P.  564) 

All  materials  and  machinery  for  use  in  the  manufacture  of 
ether  alcohol  within  the  Republic  of  Salvador  may  be  imported 
free  cf  duty.     (P.  565) 

St.\tistics  of  Exports  to  the  United  St.\tes 
Germany— IP.  466)  Canada— (P.  4SS) 

Heavy  chemicals  Wood  pulp 

Dyes  and  dyestuffs 

Tampico.  Mexico— (P.  4S3) 
Petroleum 
Gasoline 
Special  Supplements  Issued 
Algeria  Indo-China 

Danzig  Uruguay 

Finland  Venezuela 

Austrian   Trade   in   Rubber   Products.     C.    H.   Foster.     Trade  In- 
formation Bulletin  131. 

Polish  Petroleum  Industry  in  1922.     Trade  Information  Bulletin  135. 
The  Brazilian  Market  for  Paper  and   Paper  Products.     Trade  In- 
formation  Bulletin   127.    • 
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Notice — Publications  for  which  price  is  indicated  can  be  purchased  from 
the  Superintendent  of  Documents.  Government  Printing  OMce,  Washington, 
D  C.  Other  publications  can  usually  be  supplied  from  the  Bureau  er  De- 
partment from  which  they  originate. 

Bureau  of  the  Census 

Chemicals  and  Allied  Products.  14th  Census  of  the  United  States,  Manu- 
factures, 1919.  Prepared  under  the  supervision  of  E.  F.  Hartley. 
1S7  pp.      Ifl23. 

Essential  Oils.     Manufactures,  1921.     S  pp.     Paper,  5  cents. 

Explosives.     Manufactures,  1921.     10  pp.     Paper,  5  cents. 

Pulp-Wood  Consumption  and  Wood-Pulp  Production.  Compiled  in  co- 
operation with  the  Department  of  Agriculture,  Forest  Service.  Forest 
Products,  1921.      13  pp.      Paper,  5  cents. 

Turpentine  and  Rosin.  Manufactures,  1921.  Compiled  in  cooperation  with 
the  Department  of  .\griculture.  Bureau  of  Chemistry.  10  pp.  Paper, 
5  cents. 

Bureau  of  Mines 

Accidents  at  Metallurgical  Works  in  the  United  States  during  the  Calendar 

Year   1921.      W.    W.    .\dams.      Technical    Paper   327.      31    pp.      Paper,    5 

cents. 
Carbon  Tetrachloride  Extinguisher  on  Electric  Fires.     S.  H.  Katz.  E.  J. 

Cleim,  and  J.  J.  Bloomfield.      Reports  of  Investigations  2499.     16  pp. 

Issued  July,  1923. 
Coal-Mine  Fatalities  in  June,  1923.     W.W.Adams.     Reports  of  Invesliga- 

tiom  2508.      4  pp.      Issued  July,  1923. 
Comparative  Tests  of  By-Product  Coke  and  Other  Fuels  for  House-Heating 

Boilers.     Henry    Kreisinger,    John    Blizard,    H.    W.    Jarrett,    and 

J.  J.  McKiTTERlcK.  Technical  Paper  315.  21  pp.  Paper,  .5  cents. 
Disastrous  Inflammation  of  Coal  Dust  in  Excavating  a  Mine  Dump.     C. 

A.  Herbert.  Report  of  Investigations  2498.  2  pp.  Issued  July,  1923. 
Experiments  on  Fan-Pipe  Installations  at  Butte,  Montana.     G,    E.   Mc- 

Elrov  and  a.  S.  Richardson.      Reports  of  Investigations  2509.     14  pp. 

Issued  July.   1923, 
Explosives  Used  in  June,  1923.     W.  W.  Adams.      Reports  of  Investigations 

2514.      r,  pp.      Issued  August,   1923. 
Progress  of  Investigations  on  Liquid-Oxygen  Explosives.     S.  P.  Howeli.. 

J.  W.  Paul,  and  J.  L.  Sherrick.      Technical  Paper  294.     91  pp.     Paper, 
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nts. 


Some  General  Considerations  of  the  Gummy  Meter  Problem  in  the  Gas 

Industry.     R.  L   Brown.      Reports  of  Investigations  2S03.     8  pp.     Issued 

July,  1923. 
Sulfur  Trioxide  Smoke  Tubes  for  Determining  Air  Currents.     S.  H.  Katz 

AND  J    J.   Bloomfiei.d.      Reports  of  Investigations  2505.     2  pp.     Issued 

July,  1023. 
Test  Papers  for  Estimating  Hydrocyanic  Acid  Gas  in  Air.     S.   H.  Katz 

AND  E.  S.  Longfellow.      Reports  of  Investigations  2504,     o  pp.     Issued 

July.  1923. 
The  Use  of  Oxygen  or  Oxygenated  Air  in  Metallurgical  and  Allied  Processes. 

(Report  of  the  Committee  for  the  Application  of  Oxygen  or  Oxygenated 

Air)     F.    W.    Davis.      Reports    of  Investigations    2502.     2    pp.     Issued 

July,  1923. 

Department  of  Agriculture 

Absorption  and  Retention  of  Hydrocyanic  Acid  by  Fumigated  Food  Products. 

E.  L.  (iRiFFiN,  I.  E,  Neifert,  N.  Perrine,  and  a.  B.  Duckett.     De- 

parlmeiit    Bultelni    1 149.      16  pp.      Paper,   5  cents. 
Air  Circulation  in  Dry  Kilns.      Technical  Note  199,  Forest  Products  Labora- 
tory, V.  S.  Forest  Service,  Madison,  Wis.      4  pp. 
Commercial  Processes  of  Pulping  Woods  for  Paper.      Technical   Xole  204, 

Forest  Products  Laboratory.  U.  S.  Forest  Service.  Madison,  Wis.     2  pp. 
Demonstration  Courses  in  Kiln  Drying,  Boxing  and   Crating,  Gluing  of 

Wood.    Wood    Properties    and    Uses.     Miscellaneous    Circular    8.     Pre- 
pared by  the  Forest  Products  Laboratory,  U.  S.  Forest  Service.      20  pp. 

Issued  June,  1923. 
Greasewood  as  a  Poisonous  Plant.     C.  D.  Marsh,  A.  B.  Clawson,  and 

J,  F.  Couch.      Department  Circular  279.     4  pp.      Issued  July,  1923. 
Home  Tanning  of  Leather  and  Small  Fur  Skins.     R.  W.  Frev,  I.  D.  Clarke, 

AND  F.    P.    Veitch.      Farmers'    Bullelin    1334.     27  pp.      Paper.   5   cents. 
Importation   and   Inspection   of    Tea.     Miscellaneous    Circular   9.     12    pp. 

Issued  .August  31,  1923.      Paper,  5  cents. 
Influence  of  Some  Nitrogenous  Fertilizers  on  the  Development  of  Chlorosis 

in  Rice.     L.   G.   Willis  and  J.   O.   Carrero.     Journal  of  Agricultural 

Rt'ftir.-h.   24   (May    19,    1923),  621-40. 
Program  of  Work,  Forest  Products  Laboratory,  1923-1924,  in  Cooperation 

with  the  University  of  Wisconsin.     114  pp.     July  20,  1923. 
The  Boll-Weevil  Problem.     W.  D.  Hunter  and  B.  R    Coad.     Farmers' 

Bii,:,:!,,   1329.      .(()  pp.      Issued  June.   1923. 
Water-Resistant  Cold  Press  Blood  Albumin  Glue.      Technical    Note  202. 

Forest  Products  Laboratory,  U.  S.  Forest  Service,  Madison,  Wis.      2  pp. 
Wearing  Qualities   of   Shoe   Leathers.     F.  P.  Veitch.   R.  W.  Frev,   and 

I.   D     Clarke.      Department    Bullelin    1168.     24  pp.      Issued  .September, 

1923. 


Department  of  Commerce 

Commercial  and  Industrial  Organizations  of  the  United  States.  Miscel- 
laneous Series  99.  Revised  edition,  March  1,  1923,  22o  pp.  Paper, 
20  cents. 

Geological  Survey 

Antimony  in  1922.  F.  C.  Schrader.  Separate  from  Mineral  Resources  of 
the  United  States,  1922,  Part  I.     9  pp.     Published  .August  7,  1923. 

Asbestos  in  1922.  Edward  Sampson.  .Separate  from  Mineral  Resources 
of  the  United  States,  1922,  Part  II.     7  pp.     Published  August  29,  1923. 

Bauxite  and  Aluminium  in  1922.  J.  M.  Hill.  Separate  from  Mineral 
Resources  of  the  United  States,  1922,  Part  I.  10  pp.  Published  August 
6,  1923. 

Boundaries,  Areas,  Geographic  Centers  and  Altitudes  of  the  United  States 
and  the  Several  States  with  a  Brief  Record  of  Important  Changes  in  Their 
Territory.     E.  M.   Douglas.      Bulletin  689.     234  pp.     Paper,  .30  cents. 

Chromite  in  1922.  Edward  Sampson,  Separate  from  Mineral  Resources 
of  the  United  States,   1922,  Part  I.      6  pp.      Published  August  27,   1923. 

Fluorspar  and  Cryolite  in  1922.  H.  W.  Davis.  Separate  from  Mineral 
Resources  of  the  United  States,  1922,  Part  II.  S  pp.  Published  August 
10,  1923. 

Geology  and  Ground-Water  Resources  of  Sacramento  Valley,  California. 
Kirk  Bryan.  Prepared  in  cooperation  with  the  Department  of  Engineer- 
ing of  the  State  of  California.      Water-Supply  Paper  495.     286  pp.     Paper, 
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Geology  and  Ore  Deposits  of  the  Creede  District,  Colorado.  W.  H.  Emmons 
and  E.  S.  Larsen.      Bulletin  718.      198  pp.      Paper,  40  cents. 

Graphite  in  1922.  A.  H  Redfield.  Separate  from  Mineral  Resources  of 
the  L'nited  States,  1922.  Part  II.      0  pp.      Published  September  11,  1923. 

Mineral  Resources  of  Alaska:  Report  of  Progress  of  Investigations  in  1921. 
A.  H.  Brooks  and  Others.      BuUeliiiTi9,      169  pp. 

Mineral  Resources  of  the  United  States  in  1922  (Preliminary  Summary,). 
Introduction  by  G.  F.  Loughlin.  Statistics  assembled  by  M.  B.  Clark 
from  data  furnished  by  specialists  of  the  Division  of  Mineral  Resources. 
124.\  pp.     Published  August  1.5,  1923. 

Nitrates  in  1922.  G.  R.  Mansfield.  Separate  from  Mineral  Resources 
of  the  United  States,  1922,  Part  II.      2  pp.      Published  August  24,  1923. 

Rock  Formations  in  the  Colorado  Plateau  of  Southeastern  Utah  and  North- 
ern Arizona.  C,  R.  Longwell,  H.  D.  Miser,  R.  C.  Moore,  Kirk 
Bryan,  and  Sidney  Paige.  Professional  Paper  132-A.  Separate  from 
Shorter  Contributions  to  General  Geology,  1923.  23  pp.  Published 
July  27,  1923. 

Salt,  Bromine,  and  Calcium  Chloride  in  1922.  K.  W.  Cottrell.  Separate 
from  Mineral  Resources  of  the  United  States,  1922,  Part  II.  7  pp.  Pub- 
lished August  9,  1923. 

Public  Health  Service 

Intensive  Localized  Distribution  of  the  Spore  B.  Botulinus  and  Probable 
Relation  of  Preserved  Vegetables  to  Type  Demonstrated.  J  C.  Geiger 
and  Harriet  Benson.  Public  Health  Reports  38  (July  20,  1923),  1611- 
15. 

On  the  Mechanism  of  the  Action  of  Arsenic  upon  Protoplasm.  Carl 
VoEGTLiN,  H.  .\.  Dyer,  and  C.  S.  Leonard.  Public  Health  Reports  38 
(August    17,    1923),    1S.S2-1912. 

Physiological  Effects  of  High  Temperatures  and  Humidities  with  and  with- 
out Air  Movement.  Effects  on  Body  Temperature  and  Pulse  Rate  of 
Subjects  at  Rest.  R.  R.  Savers  and  D.  Harrington.  Public  Health 
Reports  38  (July  20,  1923),  1616-37. 

Studies  on  Oxidation-Reduction.  II.  An  Analysis  of  the  Theoretical 
Relations  between  Reduction  Potentials  and  pH.  W.  M.  Clark  and 
Barnett  Cohen.  Reprint  826  from  Public  Health  Reports.  18  pp. 
Paper,   .j  cents. 

Studies  on  Oxidation-Reduction.  III.  Electrode  Potentials  of  Mixtures 
of  I-Naphthol-2-Sulfonic  Acid  Indophenol  and  the  Reduction  Product. 
W.  M.  Clark  and  Barnett  Cohen.  Reprint  834  from  Public  Health 
Reports,     26  pp.      Paper,  o  cents. 

Studies  on  Oxidation-Reduction.  IV.  Electrode  Potentials  of  Indigo 
Sulfonates,  Each  in  EquiUbrium  with  Its  Reduction  Product.  M.  X. 
Sullivan.  Barnett  Cohen,  and  W.  M.  Clark.  Public  Health  Reports 
38  (July  27,  1923),  1609-1718, 

Smithsonian  Institution 

An  Outline  of  Geophysical-Chemical  Problems.  R.  B.  Sosman.  Publi- 
cation 2682.      Separate   from   the  Smithsonian   Report  for  1921.      10  pp. 

Atomic  Weights  and  Isotopes.  F.  W.  .\ston.  Publication  2679.  Separate 
from  the  Smithsonian  Report  for  1921.      16  pp. 

Lead.  C.W.  Mitman.  Publication  2704.  Separate  from  the  Smithsonian 
Report  for  1921.      20  pp. 

Modifying  Our  Ideas  of  Nature:  The  Einstein  Theory  of  Relativity.  H.  N. 
Russell.  Publication  2680.  Separate  from  the  Smithsonian  Report 
for   1921.      16  pp. 

The  Alkali  Problem  in  Irrigation.  C.  S  Scofield.  From  the  Smithsonian 
Report  for   1921.      Publication  2681.      11   pp. 
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MARKET  REPORT— SEPTEMBER,  1923 

[Supplied  by  Drug  &  Chemical  Markets] 


Now  that  the  summer  is  over  and  the  trade  looks  back  on  the 
total  volume  of  business  actually  consummated,  the  figiu-es  are  not 
nearly  as  disappointing  as  the  pessimistic  reports  heard  during 
July  and  August  would  have  led  one  to  believe.  Taken  all  in  all, 
the  volume  of  business  during  the  summer  was  not  below  normal 
when  compared  with  other  years.  Of  course,  in  numerous  in- 
stances prices  were  too  low  for  a  healthy  market^that  is,  where 
they  were  below  cost  of  production  as  a  result  of  seasonal  compe- 
tition. As  expected,  the  middle  of  September  saw  some  expan- 
sion in  demands.  Buyers,  however,  do  not  appear  anxious  to 
abandon  a  policy  of  caution,  with  a  consequence  that  the  quantity 
of  goods  sold  on  each  individual  order  is  usually  small,  although 
orders  are  more  frequently  repeated. 

One  of  the  features  of  the  market  late  in  the  month  was  an 
announcement  of  alkali  prices  for  next  year  by  a  leading  manu- 
facturer. The  prices  for  contracts  are  the  same  as  those  which 
have  been  maintained  this  year  and  last  year.  The  prices  are 
considered  low  when  the  increase  in  costs  of  production  are  taken 
into  account,  but  the  increase  in  volume  of  business  during  the 
past  year  to  some  extent  offset  the  increased  costs  of  production. 
The  steady  prices  of  alkalies  have  had  a  stabilizing  influence  on 
the  chemical  market  as  a  whole.  Heavy  acids  have  been  some- 
what routine  with  the  exception  of  sulfuric  acid  which  has  been 
moving  steadily.  Lactic  acid  has  been  in  fair  demand.  Oxalic 
acid  continues  easy  owing  to  lack  of  demand  and  competition. 
All  cheap  lots  of  ammonium  chloride  have  been  taken  up  and  prices 
have  advanced.  Ammonium  sulfate  has  been  quiet  but  demand 
is  expected  to  open  up  soon.  Export  demand  for  arsenic  has 
kept  this  item  moving  better  than  it  otherwise  would  be,  since 
domestic  demand  has  fallen  off  after  the  disappointing  season  for 
calcium  arsenate  this  summer.  Arsenic  has  climbed  back  to 
11  cents  per  pound  mainly  through  the  call  from  European 
countries.  Calcium  arsenate  is  nominal  as  sellers  endeavor  to 
liquidate  stocks  left  over  from  the  past  season. 

Bleaching  powder  has  become  firmer  with  the  approach  of 
cooler  weather.  Most  of  the  distressed  lots  have  been  absorbed 
and  the  weakness  of  the  summer  months  is  gradually  disappearing. 
Competition  continues  keen  and  prices  for  the  last  quarter  are 
still  unsettled.  Chlorine  is  settling  down  to  steadier  buying  as 
many  paper  mills  resume  operations.  Demand  for  barium  prod- 
ucts has  been  gaining  steadily.  The  carbonate  is  sold  well  ahead 
and  makers'  prices  have  advanced.  Imported  material  is  scarce 
and  high  owing  to  the  high  import  duty.  Barium  chloride  de- 
mand is  improving  and  some  factors  are  quoting  higher  prices. 
Copper  sulfate  is  quiet  and  prices  are  inclined  to  be  easy  owing  to 
recent  declines  in  metal  prices.  Potassium  chlorate  is  firm  and 
in  good  demand.  Potassium  bicarbonate  has  made  sharp  ad- 
vances because  of  scarcity  abroad.  Imported  caustic  potash  is 
unsettled  though  no  important  price  changes  have  occurred. 


Recent  changes  in  selling  for  export  in  Germany  have  kept  the 
situation  unsettled.  Potassium  prussiates  continue  quiet  and 
prices  are  easier.  Potassium  bichromate  has  declined  owing  to 
slow  demand  and  keen  competition.  Potassium  permanganate 
is  firm  with  a  lone  domestic  maker  competing  with  imported 
material. 

Sodium  compounds  have  undergone  little  change  in  prices  or 
demand.  Soda  ash  and  caustic  soda  are  in  steady  demand. 
Makers  of  sodium  bichromate  are  quoting  lower  prices.  Sodium 
prussiate  declined  during  the  month  and  then  recovered  again  to 
its  former  position  at  14  cents  per  pound.  Sodium  chlorate  is  firm. 
Sodium  sulfide  supplies  are  plentiful  and  prices  are  easy  in  the 
face  of  slow  demand.  Demand  for  Glauber's  salt  has  not  been 
active  and  supplies  are  not  so  small  as  usual  for  summer  months. 
Tin  crystals  are  higher  for  September  owing  to  rising  metal  prices. 

Demand  for  intermediates  has  begun  to  show  improvement 
after  the  quiet  period  during  the  summer.  Inquiries  have  be- 
come more  frequent  and  orders  for  small  amounts  are  coming  in. 
Prices  have  shown  little  change  except  in  the  case  of  o-  and  p-tol- 
uidine.  Both  these  products  have  advanced  as  demand  con- 
tinued to  increase.  ^-Naphthol  has  been  subject  to  some  compe- 
tition and  sales  have  been  reported  below  current  quotations. 
Resale  lots  of  intermediates  have  been  few  and  scattered,  and 
makers  have  the  situation  well  in  hand.  Coal-tar  crudes  have 
become  easier  as  supplies  became  more  plentiful.  Benzene  has 
weakened  considerably  owing  to  the  recent  reductions  in  gaso- 
line prices.  Phenol  has  declined  to  a  basis  of  28  cents  per  pound 
at  works.  Cresylic  acid  demand  has  shown  an  increase  and  one 
maker  has  advanced  his  prices.  Naphthalene  continues  quiet 
and  prices  are  soft.  Pyridine  supplies  are  difiicult  to  locate  and 
sellers  are  quoting  up  to  $5.00  per  gallon. 

Demand  for  fixed  oils,  fats,  and  greases  has  been  showing 
improvement  this  month.  Animal  oils  and  tallow  are  higher. 
Vegetable  oils  are  in  better  demand  and  prices  are  stronger. 
Fish  oils  are  reported  in  smaller  supply  this  year  and  sellers  are 
higher  in  their  views.     Turpentine  and  rosin  have  been  quiet. 

Hexamethylene  has  been  reduced  by  American  manufac- 
turers owing  to  keen  competition  with  the  imported  material, 
and  now  77V2  cents  per  pound  f.  o.  b.  New  York  is  quoted  for 
100-pound  lots  and  75  cents  per  pound  for  2000  pounds  or  over. 
Holders  of  imported  potassium  permanganate  have  advanced  the 
price  to  18  and  19  cents  per  pound  spot  in  order  to  feel  out  the 
market.  Domestic  makers  are  naming  17'/2  to  18  cents  per 
pound  at  works.  Import  cost  still  remains  high  and  last  heard 
was  16  cents  per  pound  c.  i.  f.  New  York.  Salicylic  acid  is  quoted 
at  35  cents  a  pound  spot  by  makers  and  resellers  are  named  at 
34  cents  per  pound  in  limited  quantities.  The  market  is  reported 
quiet  at  the  moment.  The  end  of  the  season  has  found  holders  of 
citric  acid  well  supplied  and  further  reductions  in  prices  are  likely. 


1920 
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INOBQANIC  CHEMICALS 


Acid»  Boric,  cryst.  bbis lb. 

Hydrochlonc.comm'l.  20  °  lb. 
Hydrofluoric,  30%  bbU,.. lb, 
Hydriodic,  10%  U.  S.  P...lb. 
Nitric.  42°,  cbys.  c/1  wks.lb. 
Phosphoric,  50%  tech. ...lb. 

Sulfuric,  C.  P lb. 

66°  tks.  wks ton 

Oleum,  20% ton 

Alum,  Ammoaia,  lump lb. 

Potash,  lump lb. 

Chrome lb. 

Soda,  ground lb. 

Aluminum  Sulfate  (iron-free)  .lb. 
Ammonium  Carbonate,  pwd..lb. 

Chloride,  white  gran lb. 

Ammonia,  anhydrous lb. 

Ammonia  Water,  drums,  26°. lb. 

Arsenic,  white lb. 

Barium  Choride ton 

Nitrate lb. 

Barytes,  white ton 

Bleaching  Powd.,  33%,  works 

100  lbs. 

Bormz,  cryst.,  bbls lb. 

Bromine,  pure,  wks lb. 

Calcium  Chloride,  fused,  f.o.b. 

N.  Y ton 

Chlorine,  liquid lb. 

Copper  Sulfate 100  lbs. 

Iodine,  resublimed lb. 

Lead  Acetate,  white  crystals,  .lb. 

Nitrate lb. 

Red 100  lbs. 

White  (Carb.) lb. 

Lime,  live  and  hydrated,  bbl..lb. 

Oyster  shell lb. 

Lime  Acetate 100  lbs. 

Magnesium  Carbonate,  tech.  .lb. 

Magnesite,  calcined ton 

Phosphorus,  yellow lb. 

Red lb. 

Plaster  of  Paris,  tech bbl. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate,  calc.,80-85%.lb. 

Chlorate,  cryst lb. 

Hydroxide,  88-92% lb. 

Iodide,  bulk,  U.  S.  P lb. 

Nitrate lb. 

Permanganate,  U.  S.  P..  .lb. 

Prussiate,  red lb. 

Yellow lb. 

Salt  Cake,  bulk ton 

Silver  Nitrate oz. 

Soda  Ash,  68%,  bags 100  lbs. 

Caustic,  76%,  N.  Y.  100  lbs. 
•  Resale  or  Imported  (not  ai 


■  OlH 


a.  1923 

.n>i 

-OlH 


.65 

.65 

.66 

.OSJi 

.OSJi 

.06 

.08 

.08 

.08 

.09 

.09 

.07 

15.00 

15.00 

15.00 

19.00 

19.00 

18.00 

.03H 

.03H 

.03H 

•.03K 

*.03H 

*.03H 

.05}i 

.05>S 

.05^ 

.04 

.04 

.04 

.02}^ 

.02H 

.02M 

.09 

.09 

.09>i 

.07H 

.07>i 

.07Ji 

.30 

.30 

.30 

.07H 

.07H 

.07H 

.10>-3 

.11 

.15H 

•80.00 

•82.50 

•92.50 

•.07  Ji 

*.07H 

•.07H 

33.60 

33.50 

33.60 

1.75 

1.75 

2.16 

.05H 

.05M 

■  OSVi 

.29 

.29 

.30 

24.50 

24.50 

24.60 

.05 

.05 

.05M 

6.10 

5.10 

6.26 

4.66 

4.56 

4.60 

.14 

.14 

.13 

.22 

.22 

.22 

11.40 

11.40 

10.60 

.09Ji 

.09?i 

.08H 

.oiy. 

.OlH 

.OlH 

.03 

.03 

.03 

4.00 

4.00 

3.50 

.08 

.08 

.08 

56.00 

66.00 

65.00 

•.35 

•.35 

•.28 

— 

— 

•.30 

3.30 

3.30 

3.30 

.10 

.09K 

.10 

.16 

•.16 

.14H 

•.06H 

*.06H 

•.06H 

••07H 

•.07M 

•.05H 

•.07>i 

•.07}^ 

•.08 

3.76 

3.75 

3.60 

.06}^ 

.06H 

.06H 

•.18 

'.nva 

•.16 

•60 

•.60 

•.90 

•.32 

•.32 

•.38 

24.00 

24.00 

28.00 

.44 

.44 

.44 

•2.00 

•2.00 

•2.00 

3.70 

3.70 

3.50 

American  make 

r's  price). 

Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulfite,  powd lb. 

Chlorate lb. 

Cyanide,  96-98% lb. 

Fluoride,  tech lb. 

Hyposulfite,  bbls.. .  100  lbs. 

Nitrate,  95% 100  lbs. 

Nitrite lb. 

Prussiate,  yellow lb. 

Phosphate  (di-sod.),  tech. lb. 

SiUcate.  40° 100  lbs. 

Sulfide,  60%,  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude,  mines long  ton 

Tin  Bichloride,  50%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbls lb. 


OBQANIC  CHEMICALS 

AcetaniUde,  U.  S.  P.,  bbls lb.  .35 

Acid,  Acetic,  28  p.  c 100  lbs.  3.38 

Glacial 100  lbs.  12 .  78 

Benzoic,  U.  S.  P lb.  .72 

Carbolic,  cryst.,  U.  S.  P., 

drums lb.  .30 

50- to  110-lb.  tins,..lb.  .32 

Citric,  crystals,  kegs lb.  *.60 

Oxalic,  cryst.,  bbls.,  wks.lb.  .12 

Pyrogallic,  resublimed..  .lb.  1.55 

Salicylic,  U.  S.  P lb.  .35 

Tannic,  U.S.  P.,  bbls lb.  .83 

Tartaric,  cryst.,  U.S.  P...  lb.  •.34 

Acetone,  drums lb.  .25 

Alcohol.denatured,  complete,  gal.  .46 

Ethyl.  190  proof,  bbls. .  .gal.  4.75 

Amyl  Acetate gal.  4 .  50 

Camphor,  Jap,  refined,  cases  .lb.  .93 

Carbon  Bisulfide,  c/1 lb.  .06% 

Tetrachloride lb.  .lOH 

Chloroform,  U.  S.  P..  drums,  .lb.  .35 

Creosote,  U.  S.  P lb.  .60 

Cresol,  U.  S.  P lb.  .36 

Dextrin,  com 100  lbs.  3.65 

Imported  Potato lb.  .07 

Ether,  U.  S.  P.,  100  lbs lb.  .13 

Formaldehyde,  bbls lb.  .13 

Glycerol,  dynamite,  drums. .  .lb.  .16 

Methanol,  pure,  drums gal.  1.10 

Methylene  Blue,  med lb.  2 .  25 

Petrolatum,  light  amber lb.  .04H 

Pyridine gal.  4.00 

Starch,  com,  pow'd 100  lbs.  3.22 

Potato,  Jap lb.  .06 

Sago lb.  .04>i 


Sept.  1 

Sept.  15 

Jan.  1923 

.05 

.05 

.07)i 

2.26 

2.25 

2.00 

.08 

.08 

.07Jf 

.04 

.04 

.04 

.06H 

.06H 

.06H 

.23 

.23 

.23 

.09H 

.09H 

.09H 

2.90 

2.90 

3.60 

2.42H 

2.45 

2.57H 

.07}i 

.07K 

.08H 

.14 

.14 

.18H 

.03H 

.03H 

.03H 

.80 

.80 

.80 

.04H 

.04H 

.05 

•.10 

•.10 

•.085i 

3.00 

3.00 

3.00 

14.00 

14.00 

14.00 

.12H 

.12H 

.lOJi 

.45 

.45 

.43 

.25 

.25 

.20 

.08H 

.08H 

.07H 

.32 

.35 

3.38 

3.I7J4 

12.78 

12.05 

.72 

.72 

.30 

.32 

.32 

.34 

•.60 

•.48H 

.12 

.13H 

1.65 

1.55 

.35 

.45 

.83 

.70 

•.34 

•.32 

.25 

.21 

.46 

.45 

4.75 

4.70 

4.50 

2.50 

.93 

.86 

.065i 

.06Ji 

.lOH 

.10J4 

.36 
3.65 


.16 

.16H 

1.10 

1. 35 

2.25 

2.25 

.04H 

.033i 

4.25 

S.7S 

3.22 

2.47 

.05 

.06H 

.04H 

.03H 

1920 

1921                 1                 1922 

1923               ji 
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INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Beeswax,  pure,  white. 

Cmltor  Oil.  No.  3 lb. 

Ceresin,  yellow lb. 

Corn  Oil,  crude,  tanks,  mills. ..lb. 
Cottonseed  Oil,  crude,  f.  o.  b. 

mill lb. 

Linseed  Oil,  raw,  lc/1 gal. 

Menhaden  Oil,  crude,  mills.,  .gal. 

Neat's-foot  Oil,  20° lb. 

Paraffin,  128-130  m.  p.,  ref....lb. 

Rosin,  "F"  grade,  280  lbs bbl. 

Rosin  Oil,  first  run gal. 

Shellac,  T.  N lb. 

Sperm    Oil,    bleached    winter, 

38° gal. 

Stearic  Acid,  double  pressed.,  .lb. 

TaUow  Oil,  acidless lb. 

Turpentine,  spirits  of gal. 


Aluminium,  No   1,  ingots lb 

Antimony,  ordinary 100  lbs 

Bismuth lb 

Copper,  electrolytic lb 

Lake lb 

Lead,  N.  Y 100  lbs 

Nickel,  electrolytic lb 

Platinum,  re6ned,  soft oz 

Quicksilver,  flask 75  lbs.  ea 

Silver,  foreign oz 


OILS,  WAZXS,  KTC. 


.lb. 


.■t2li 
.16'A 


.lb 


Tin 

Tungsten  Wolframite. . .  .per  unil 
Zinc,  N.  Y 100  lbs 


2  75 

.13Ji 

■  laVs 


116.00 
(■,-'.  00 


.40.12 
8.50 


FERTILIZES  MATERIALS 


Ammonium  Sulfate,  expt.lOO  lbs. 
Blood,  dried,  f.  o.  b.  N.  Y.  .  .unit 
Bone,  3  and  50,  ground,  raw. .ton 
Calcium    Cyanamide,    unit    of 

Fish  Scrap,  dried,  wks unit 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton 

Florida,  70% ton 

Florida,  74-75% ton 

Tennessee,  72% ton 

Potassium  Muriate,  80% ...  .  unit 
Tankage,   high-grade,   f.   o.   b. 
Chicago unit 


2.25 

3.  SO 


.08H 
.09?i 


.80 

1.03 
.12H 
.IIH 

1.56 


13K 

Ai'A 

13J^ 

.UH 

75 

7.80 

29 

.36 

00 

118.00 

00 

73.00 

'i25s 

.63 

43 

.39 

50 

7.50 

S.') 

8.25 

2.25 
5.35  & 


1  &  .10     3  HO  &  .10     4.75  &  .10 


COAL-TAR  CHEMICALS 
Crudes 

Anthrkcene.  80-85% lb.  .75 

Benzene,  pure,  tanks gal.  .1*4 

Naphthalene,  flake lb.  .07 

Phenol,  drums lb.  .30 


Crudts     (ecnaudei) 

Toluene,  pure,  tanks gal. 

Xylene.    2    deg,    dist.    range. 

drums gal. 

Intermediate! 
Acids: 

Antbranilic lb. 

Benzoic,  tech lb. 

Cleve's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

Monosulf onic  F lb. 

Napbthionic,  crude. ....  .lb. 

Ncvile  &  Winther's lb. 

Picric lb 

SulfaniUc lb. 

Tobias' lb 

Aminoazobenzene lb. 

Aniline  Oil lb. 

Aniline  Salt lb. 

Anthraquinone  (sublimed) lb. 

Benzaldehyde,  tech lb. 

U.  S.  P lb. 

Benzidine  Base lb. 

Benzidine  Sulfate lb. 

Diaminophenol lb. 

Dianisidine lb. 

p-Dichlorobenzene lb. 

Diethylauiline lb. 

Dimethylaniline lb. 

Dinitrobenzcne lb. 

Dinitrotoluene lb. 

Diphenylamine lb. 

G  Salt lb. 

Hydroquinol lb. 

Monochlorobenzene lb. 

Monoethylaniline lb. 

i-Naphthol,  dist lb. 

a-Naphthylamine lb. 

&-Naphthylamine lb. 

m-Nitroaniline lb. 

p-Nitroaniline lb. 

Nitrobenzene  (OU  Mirbane)..   lb. 

p-Nitrophenol lb. 

o-Nitrotoluene lb. 

p-Nitrotoluene lb. 

m-Phenylenediaraine lb. 

^.Phenylenediamine lb. 

Phthalic  Anhydride :1b. 

RSalt lb. 

Resorcinol,  tech lb. 

U.  S.  P lb. 

Schae£fer's  Salt lb. 

Sodium  Naphthionate lb. 

Thiocarbanilide lb. 

Tolidine  (base) lb. 

Toluidine,  mixed lb. 

o-Toluidine lb. 

<)-Toluidine lb. 

m-Toluylenediamine lb. 

Xylidine lb. 


1.00 

.22 


Vol.  15,  No.  10 

Sept.  15  Jan.  1923 


.70 

.70 

.65 

1.00 

1.00 

1.25 

1.70 

1.70 

1.85 

.75 

.75 

.80 

.60 

.60 

.60 

2.30 

2.30 

2  30 

.62 

.62 

.60 

l.IU 

l.IU 

1.15 

.25 

.25 

.20 

.20 

.20 

.19 

1.30 

1.30 

1.30 

I.IS 

I.IS 

1.15 

.16'A 

.liili 

.17 

.24 

.24 

.25 

1.30 

1.30 

1.30 

.75 

.75 

.65 

1.50 

1.50 

1.40 

.82 

.82 

.84 

.70 

.70 

.70 

3.80 

3.80 

3.75 

4.60 

4. BO 

4.30 

.98 

.98 

1.00 

1.45 

1.45 

1.50 

.30 

.30 

.33 

.55 

.55 

.55 

1.4(1 

1.40 

1.50 

2.00 

2.00 

2.00 

.60 

.60 

.60 

1.20 

.90 
.60 
.30 

1920 

1921 

1922 

1923                1 
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EDITORIALS 


The  Washington  Meeting 

T^HE  date  of  the  Washington  meeting  of  the  Ajierican 
*■  Chemical  Society  has  been  set  for  the  week  beginning 
Monday,  April  21,  1924,  wath  hotel  headquarters  at  the  New 
WUlard.  The  local  section  has  been  fortunate  in  securing 
the  Central  High  School,  wliich  is  sufficiently  large  to  ac- 
commodate all  divisions  and  sections,  as  the  meeting  place. 

Local  sections  wliich  have  long  desired  to  have  one  of 
the  semiannual  meetings  of  the  Society  in  their  city,  but 
have  been  deterred  from  extending  an  invitation  largely 
because  of  the  expense  involved,  will  be  sure  to  look  with 
favor  upon  the  innovation  which  the  Wasliington  Section 
has  voted  to  attempt.  The  spring  meeting  wiU  be  financed 
whoUy  -ndthin  the  chemical  profession.  Industries  and  in- 
terested friends  wiU  not  be  soUcited  for  contributions,  but 
those  attending  the  meeting  vnll  be  offered  entertainment 
which,  it  is  thought,  wiU  be  adequate,  and  the  registration 
fee  will  be  set  at  a  figure  to  cover  the  expense  involved. 
The  members  of  the  local  section  hope  to  demonstrate  that 
a  successful  meeting  of  the  Society  can  be  held  without 
great  financial  outlay  on  the  part  of  the  local  section,  and  to 
establish  a  precedent  for  other  sections  to  foUow  in  enter- 
taining the  Society  in  future. 

Another  innovation  wiU  be  that  on  the  days  following 
the  general  meeting  and  symposia  on  Tuesday  the  divisions 
and  sections  wHl  meet  in  the  mornings  onlj^,  leaving  the 
afternoon  of  each  day  for  excursions,  both  scientific  and 
popular,  for  small  group  meetings,  and  for  relaxation  from 
close  attention  upon  scientific  programs. 

It  is  none  too  early  to  begin  to  plan  to  attend  the  Wash- 
ington meeting.  The  time  set  for  the  convention  is  one  of 
the  most  deUghtful  seasons  of  the  year,  and  Washington, 
always  popular  with  sightseers,  is  unusually  attractive  at 
this  particular  season  of  the  year.  Washington  has  splendid 
hotel  facifities,  but  they  will  be  taxed  to  the  utmost  during 
the  Easter  holidaj's,  and  in  order  to  secure  the  best  and  most 
satisfactory  accommodations  we  urge  members  to  make  their 
hotel  reservations  now.  If  you  desire,  H.  C.  Fuller,  chair- 
man of  the  Committee  on  Hotels  and  Transportation,  Insti- 
tute of  Industrial  Research.  Washington,  D.  C.^  ■nill  make 
reservations  for  you.  In  the  near  future  the  announcement 
of  other  committeemen  will  be  made,  in  order  that  members 
may  make  all  arrangements  directly  with  the  appropriate 
committees. 


Japan 

\\^E  DO  not  know  as  yet  to  what  extent  the  chemists 
and  the  chemical  industry  of  Japan  may  have  suffered 
from  the  earthquake,  flood,  and  fire,  but  we  want  our  many 
readers  in  that  country  to  know  that  their  misfortune  has 
been  very  much  upon  our  minds  and  that  we  have  hoped 
from  day  to  day  to  receive  more  definite  information.  We' 
have  been  unable  to  obtain  word  from  our  Japanese  corre- 
spondent since  the  catastrophe,  but  hope  that  our  failure  to 
hear  does  not  indicate  disaster.  Notwithstanding  a  number 
of  natural  handicaps,  Japan  has  made  great  progress  in  the 
chemical  industry  and  we  sincerely  trust  that  the  gains 
made  at  such  great  cost  of  time  and  labor  have  not  been 
whoOy  lost. 


Alcohol,  the  Chemical 

JUST  a  year  ago  we  made  suggestions  in  an  editorial 
*^  looking  to  an  improvement  in  the  administration  of  the 
National  Prohibition  Act,  so  far  as  it  concerns  high-proof 
alcohol  used  for  nonbeverage  purposes.  In  the  interim  the 
Commissioner  of  Internal  Revenue  has  taken  a  progressive 
step  in  organizmg  an  Alcohol  Trades  Advisory  Comnaittee 
composed  of  men  representing  associations  of  alcohol-using 
industries,  and  the  Americajst  Chemical  Society  has  repre- 
sentation upon  tliis  committee.  The  appointment  of  the 
committee  and  the  whole-hearted  manner  in  which  the 
Commissioner  of  Internal  Revenue  and  the  officials  of  the 
Prohibition  Unit  have  sought  the  advice  of  the  group  are 
most  encouraging.  Officials  who  have  been  more  concerned 
with  the  prohibitory  than  with  the  permissive  phases  of 
alcohol  legislation  are  beginning  to  realize  that  there  is  such 
a  thing  as  alcohol,  the  chemical,  and  that  id  prohibiting 
the  use  of  intoxicating  beverages  it  is  necessary  to  do  so 
without  arresting  the  development  of  uses  of  alcohol,  the 
chemical  raw  material. 

A  statement  has  recently  been  issued  by  the  Alcohol 
Trades  Advisory  Committee  outlining  the  present  situation 
and  including  an  appendix  in  which  are  listed  about  five 
pages  of  lawful  uses  of  alcohol,  pure  and  denatured,  and  a 
chart  showing  some  of  the  many  uses  of  ethyl  alcohol.  The 
distribution  of  this  statement  vvUl,  it  is  beUeved,  do  much 
to  make  avaDable  ioformation  which,  while  common  knowl- 
edge to  the  scientist,  is  a  revelation  to  the  average  Govern- 
ment oSicial  and  law-maker.  The  statement  contains  the 
following  recommendations: 

I — As  alcohol  is  admittedly  a  basic  chemical  essential  to  our 
national  defense,  industrial  and  economic  development,  and 
even  to  the  advancement  of  civilization  itself,  all  who  believe 
in  true  law  enforcement  should  recognize  the  insufferable  situa- 
tion to  which  chemical  industry  has  been  brought  by  failure 
heretofore  properly  to  enforce  the  industrial  alcohol  features 
of  the  National  Prohibition  Act,  and  should  make  certain  that 
it  is  administered  as  intended  by  Congress. 

II — The  Alcohol  Trades  Advisory  Committee  believes  that 
the  action  of  a  former  Commissioner  of  Internal  Revenue  in 
vesting  in  a  Federal  Prohibition  Commissioner,  not  equipped 
with  the  essential  technical  and  economic  knowledge  and  train- 
ing, the  duties  of  carrying  out  the  provisions  of  the  National 
Prohibition  Act,  concerning  the  manufacture,  transportation, 
sale,  and  use  of  industrial  alcohol,  was  illegal  by  implication, 
illogical  by  any  method  of  sound  reasoning,  economically  im- 
practicable, and  should  be  forthwith  corrected. 

The  Commissioner  of  Internal  Revenue  should  designate  a 
Deputy  Commissioner  of  Internal  Revenue,  or  appoint  an  In- 
dustrial Alcohol  Commissioner,  to  take  over  the  administration 
of  that  portion  of  the  law  relating  to  the  manufacture,  sale, 
and  use  of  high-proof  alcohol,  pure  and  denatured  for  non- 
beverage  uses.  Collectors  of  Internal  Revenue  and  Civil  Service 
revenue  officers  should  be  selected  to  assist  him,  as  is  custom- 
ary in  the  enforcement  of  other  internal  revenue  statutes. 
It  follows  that  such  a  Deputy  or  Industrial  Alcohol  Commissioner 
should  possess  suitable  technical  knowledge,  training,  and  ex- 
perience. It  should  be  his  duty  to  issue  permits  to  manufacture, 
withdraw,  and  use  industrial  alcohol  of  any  kind,  a  copy  of 
each  permit  at  the  time  of  issuance  to  be  delivered  to  the  Pro- 
hibition Commissioner  so  that  he  might  police  operations.  In 
this  way,  efficient  and  scientific  administration  would  be  assured 
and  at  the  same  time  the  Prohibition  Commissioner  would  be 
reheved  from  routine  work  incidental  to  serving  legitimate 
industrj',  and  could  devote  the  necessary  time  to  his  logical 
duty  of  enforcing  the  prohibitory  features  of  the  law.  Further- 
more, the  two  agencies,  coordiiiating,  would  be  a  check  upon 
each  other.     It  would  not  require  any  change  whatsoever  in  the 
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law,  but  merely  a  revision  of  Regulations  60  and  61,  to  carry  this 
recommendation  into  effect. 

Ill — If  agreeable  to  the  Commissioner  of  Internal  Revenue, 
this  Alcohol  Trades  Advisory  Committee  will  act  in  an  advisory- 
capacity  for  the  purpose  of  assisting  such  Deputy  Commissioner 
of  Internal  Revenue  or  Industrial  Alcohol  Commissioner  in 
investigating  applications  for  permits  and  furthering  the  uses 
of  alcohol  in  scientific  research  and  lawful  industry. 

Secretaries  of  the  local  sections  have  been  sent  copies  of 
the  entire  statement.  This  subject  should  be  discussed  be- 
fore local  sections  and  every  effort  made  to  have  the 
public  gain  a  better  understanding  of  all  that  is  involved 
in  the  use  of  alcohol  for  nonbeverage  purposes. 


Standards  and  the  Metric  System 

T  TNDER  the  progressive  leadership  of  the  Department 
^  of  Commerce  much  has  been  accomplished  in  simplified 
practice  and  standardization  with  the  task  but  just  begun. 
Needless  sizes  and  styles  are  being  eliminated  in  various 
lines.  Dimensions  are  being  standardized  and  ultimately  the 
benefit  will  be  derived  in  the  more  efficient  use  of  raw 
material  and  the  lowering  of  costs,  not  only  in  manufacture, 
but  in  stocks  and  turnover. 

This  is  all  commendable  and  we  have  heartily  supported 
the  department's  program.  We  sincerely  hope  that  when 
this  project  has  fuUy  established  itself  with  manufacturers, 
jobbers,  dealers,  and  the  public,  a  real  simplification  and 
standardization  may  take  place  by  first  abandoning  the 
fallacy  of  whole  numbers  in  dimensions,  and  then  simplifying 
our  systems  of  weights  and  measures.  This  inevitably 
means  the  adoption  of  the  metric  system.  We  do  a  great 
deal  of  thinking  and  hard  work  to  gain  an  export  market, 
and  with  the  metric  system  obligatory  in  thirty-four  coun- 
tries and  optional  in  eleven  more,  it  is  easy  to  see  that,  with 
the  notable  exception  of  Great  Britain,  real  effort  to  do 
business  abroad  means  the  use  of  the  metric  system  in 
catalogs,  in  packages,  and  in  dimensions.  Will  the  Ameri- 
can manufacturer  be  content  to  carry  packages  in  two 
systems  upon  his  shelves?     Can  he  afford  to  do  so? 

We  are  confident  that  much  of  our  difficulty  comes  through 
the  adhesion  to  whole  numbers  or  major  fractions  in  the 
dimensions  of  materials,  with  a  consequent  lack  of  efficiency. 
Is  it  not  true  that  in  the  design  of  most  manufactured  articles 
a  definite  size  is  first  chosen  because  it  looks  about  right 
and  then  decided  arbitrarily  without  respect  to  the  size, 
thickness,  or  strength  wliich  it  should  have  from  the  stand- 
point of  utility  and  performance  of  a  definite  piece  of  work? 
Sometime  dimensions  wUl  be  determined  with  respect  to 
satisfying  rigid  laboratory  tests,  just  as  materials  are  tested 
at  present.  Dimensions  will  then  require  expression  in  the 
convenient  metric  units  and  mechanics  who  now  are  in- 
different to  the  metric  system  wUl  insist  upon  its  use. 

Efficient  standardization  follows  initial  diversity  for,  from 
a  variety,  the  survival  of  the  fittest  brings  forth  the  designs 
best  adapted  to  service.  Automobile  experience  is  an  ex- 
ample. From  the  great  variety  of  cars  designed  we  find 
some  disapijearing  because  they  are  unsatisfactory,  others 
finding  their  special  place  and  developing  it,  and  still  others 
produced  in  quantity  and  becoming  standard  because  of 
the  service  they  perform.  The  standards  of  today,  there- 
fore, may  not  be  expected  to  serve  as  the  standards  for  to- 
morrow, and  with  the  oncoming  generation  learning  to  use 
the  metric  system  in  the  radio,  in  the  laboratory,  and  in 
other  directions,  may  we  not  soon  base  our  simplified  prac- 
tice and  our  standardization  upon  the  only  system  that  is 
international  in  the  broadest  sense,  cast  aside  confusion  due 
to  the  many  systems  we  now  endeavor  to  handle,  and  con- 
centrate upon  the  education  of  the  people  at  largejto  the 
appreciation  and  use  of  metric  units? 


Recognition  of  Scientists. 

T  H.  BAEKELAND,  just  returned  from  an  extensive 
•*— '•  trip  with  renewed  appreciation  for  the  opportunities 
and  privileges  of  the  United  States,  recently  brought  to  our 
attention  the  desirability  of  having  Congress  recognize  in 
some  specific  and  definite  way  the  triumphs  of  our  men  of 
science,  particularly  those  in  department  circles.  Then  in 
the  editorial  section  of  the  Neio  York  World  for  September  2, 
EDwood  Hendrick  discussed  the  same  sentiments  and  made 
a  plea  for  such  recognition  by  Congress.  We  wish  to  add 
our  voice  and  urge  that  something  be  done  in  a  proper  way 
to  have  our  law-makers  realize  that  "the  United  States  is 
the  only  civilized  country  in  the  world  that  does  not  recog- 
nize distinguished  service  by  civilians.  In  the  British 
Empire  they  make  them  lords  or  knights — and  we  cannot  do 
that.  In  France,  Italy,  Spain,  Belgium,  Portugal,  China, 
Japan,  and  even  in  Soviet  Russia,  they  give  decorations. 
We  do  not  give  decorations  to  civihans.  Moreover,  the 
insignia  of  decorations  have  been  preempted  by  so  many 
private  organizations  in  tliis  country  that  a  button  in  the 
lapel  of  a  man's  coat  is  without  its  significance  elsewhere." 

But  there  are  other  ways  in  which  this  Nation  can  express 
its  thanks.  Perhaps  some  day  we  may  go  as  far  as  our 
neighbor  Canada  and  grant  a  substantial  annuity  to  a  man 
who  has  made  a  scientific  discovery  of  great  importance  to 
the  public.  There  seems  no  reason  why  Congress  could  not 
pass  an  act,  engrossed  and  signed  by  the  President  of  the 
United  States,  consisting  of  a  proper  preamble  and  resolution 
commending  and  expressing  gratitude  to  a  man  who  has 
devoted  many  years  of  his  life,  his  ability  as  a  scientist  and 
perhaps  as  an  inventor,  to  the  welfare  of  the  republic. 

Such  a  document  would  be  invaluable  to  the  recipient. 
Moreover,  the  adoption  of  a  policy  of  this  kind  might  be  the 
first  step  in  working  out  a  really  adequate  plan  for  rewarding 
scientists,  many  of  whom  have  steadfastly  refused  more 
remunerative  offers  out  of  pure  patriotism.  Such  action 
might  be  taken  only  upon  the  retirement  of  a  departmental 
head  or  bureau  cliief,  but  those  are  details.  The  point  we 
want  to  make  now  is  that  the  devotion  and  sacrifice  of  our 
chemists  to  the  science  should  be  recognized  in  some  way. 


Electrical  Wars 

'T'HE  efforts  of  some  misinformed  enthusiasts  to  dis- 
*-  credit  chemical  warfare  have  been  of  small  avail, 
thanlvs  to  the  readiness  with  wliich  the  American  people 
have  grasped  the  truth.  Perhaps  those  who  oppose  the 
application  of  the  science,  chemistry,  to  defense  would 
also  limit  research  in  electricity  because  of  the  prediction 
made  by  Professor  Low  of  London.  He  suggests  the  pos- 
sibility of  using  jets  of  electrically  charged  water  to  kill 
horses  and  men;  calls  attention  to  the  efficiency  of  wire- 
less control  of  tanks  and  airplanes;  of  wireless  telephony, 
sight,  heat,  and  power;  of  battleplane  engines  developing 
wireless  power  to  destroy  aircraft  within  a  wide  radius;  of 
the  possibihty  of  conducting  propaganda  striking  terror 
into  the  home  by  means  of  wireless  receivers;  of  airplanes 
with  electric  impulse  by  which  guns  could  be  fired  at  an 
enormous  rate;  of  electrically  controlled  rockets  operated 
on  wires  for  wrecking  planes;  and,  of  course,  the  wireless- 
controlled  torpedo  with  a  wireless  sighted  periscope  con- 
trolled by  a  secret  combination  of  wave  lengths.  Perhaps 
we  may  have  controllable  lightning  and  monsters  of  the  air 
and  sea,  the  progenitors  of  which  are  already  an  actuality. 

However  much  we  should  like  to  see  the  coming  of  the 
millennium,  there  is  so  far  nothing  to  justify  relaxation  in 
research  in  any  of  the  sciences,  and  least  of  all  in  chemistry. 
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Institute  of  American  Meat  Packers 

A  MONG  the  associations  of  industrialists  engaged  in 
■^*-  scientific  research,  none  deserves  more  encouragement 
than  the  Institute  of  American  Meat  Packers.  Making 
progress  cautiously,  the  institute  has  nevertheless  accom- 
plished much  through  its  Committee  on  Scientific  Research, 
and  the  vista  of  the  future  is  most  encouraging. 

Arthur  Lowenstein,  vice  president  of  Wilson  &  Company, 
has  established  a  substantial  fellowship  on  the  prevention 
of  meat  spoOage,  and  the  institute  has  sanctioned  a  re- 
search fellowship  at  Mellon  Institute  on  the  utilization  of 
by-products.  A  series  of  lectures  under  the  joint  auspices 
of  the  School  of  Commerce  and  Administration  of  the  Uni- 
versity of  Chicago  and  the  institute  has  been  inaugurated, 
and  courses  of  instruction  have  been  arranged  so  that  the 
employees  in  the  packing  plants  will  have  a  better  oppor- 
tunity to  fit  themselves  for  their  work.  The  courses  are 
intended  primarily  for  those  now  occupying  minor  executive 
positions  and  who  are  ambitious  to  become  executives.  Both 
day  courses  for  full-time  study  and  evening  courses  are 
announced.  This  experiment  will  be  watched  with  great 
interest.  Correspondence  work  will  begin  later  in  the  aca- 
demic year  and  research  to  extend  the  boundaries  of  scien- 
tific knowledge  will  be  undertaken  soon. 

Concurrently,  the  Committee  on  Scientific  Research  of 
the  institute  is  developing  plans  for  extensive  work  under 
the  direction  of  its  own  staff,  and  has  in  view  such  important 
investigations  as  a  study  of  a  substitute  for  sugar  in  meat 
curing.  Cooperation  is  being  sought  with  trade  organiza- 
tions, Government  bureaus,  and  others  having  a  mutual 
interest  in  the  problems  of  the  packing  industry,  and  follow- 
ing a  scientific  survey  of  the  industry  we  may  expect  an 
announcement  of  an  extensive  and  detailed  program. 

The  packing  industry  has  always  been  known  for  its 
achievements  in  applied  science  and  the  prosecution  of 
fundamental  research.  This  work  has  been  done  in  the 
individual  plants  and  laboratories.  The  cooperative  re- 
search of  the  institute  can  be  carried  to  success  without  de- 
tracting from  the  importance  of  these  individual  laboratories. 
There  are  sufficient  fundamental  problems  to  engage  the 
thought  and  energy  of  all  concerned. 


Trade  Secrecy 

A    PRESS  dispatch  dated  London,  October  17,  states: 

A  secret  formula  for  making  dye  by  a  method  said  to  require 
only  a  fraction  of  the  usual  cost  has  been  carried  to  the  grave 
by  a  London  pauper,  Robert  Culver,  who  learned  from  a  German 
relative  years  ago  and  brought  it  to  England,  where  he  organized 
a  dye  manufacturing  company. 

The  concern,  however,  failed  through  dishonesty  of  some  of 
its  officials  and  Culver  was  reduced  to  poverty.  He  died  re- 
cently in  a  poorhouse  without  telling  any  one  of  the  process. 

We  know  nothing  of  the  value  of  the  secret  in  question, 
but  we  desire  to  emphasize  again  that  secrecy  in  industrial 
I)rocesscs  and  in  scientific  work  belongs  in  the  past  and  has 
little  part  in  modern  affairs.  There  are  still  those  who 
jealously  guard  all  the  minute  details  of  any  formula  or  proc- 
ess, but  they  are  outnumbered  by  those  who  know  that  in 
skill  and  technic  there  lies  the  protection  which  justifies  them 
in  discussing  in  some  detail  the  various  steps  in  a  particular 
formula.  As  one  such  expressed  himself,  "My  formula  is 
as  open  as  a  violin.  There  it  is.  Now  play  it."  Our  own 
experience  with  certain  much-discussed  formulas  and  patents 
indicates  that  those  with  training  and  a  deep  interest  can 
learn  to  play  and  that  in  a  frank  discussion  of  processes 
those  who  give  always  profit  directly  by  the  exchange  of 
ideas. 


Making  the  Chemical  Show  Chemical 

/CRITICISM  of  the  Ninth  National  Exposition  of  Chemi- 
^-^  cal  Industries  has  taken  much  the  same  form  and  come 
from  much  the  same  sources  as  that  of  its  predecessors — 
"Chemical  industries  were  sadly  lacking  although  every- 
one with  something  to  sell  that  industry  was  represented. 
The  show  has  become  more  and  more  an  equipment  show 
and  not  a  chemical  one."  This  type  of  criticism  may  be 
justified,  but  hardly  can  it  be  when  unaccompanied  by  sug- 
gestions of  ways  and  means  to  overcome  the  trouble. 

Let  us  look  for  a  moment  at  the  reasons  for  the  absence 
of  strictly  chemical  manufacturers  from  such  a  gathering. 
The  most  natural  and  perhaps  the  most  important  reason 
for  this  apparent  defection  of  the  key  section  of  the  exposi- 
tion has  been  that  chemical  manufacturers  have  failed  to  get 
monetary  returns  for  their  expenditures  on  exhibits.  Quite 
naturally  altruism  is  no  more  a  part  of  the  scheme  of  the 
chemical  manufacturer  than  it  is  of  any  other,  so  that  it  is 
necessary  to  take  this  point  into  serious  consideration. 
The  equipment  manufacturers  have  found  the  exposition 
profitable  and  hence  have  continued  to  exhibit.  They 
have  taken  advantage  of  one  very  definite  point  in  preparing 
their  exhibits  which  the  chemical  group  apparently  failed 
to  consider.  Neiv  equipment  and  new  wrinkles  in  old  equip- 
ment are  shown  alongside  the  same  old  bottles,  kegs,  and 
barrels  of  chemicals  which  present  notliing  in  the  least  new. 
In  this  lies  the  secret  of  the  success  of  the  one  and  the  failure 
of  the  other. 

Visitors  to  recent  shows  will  recall  the  long  decorative 
hangings  of  crystals  of  copper  sulfate  in  the  booth  of  one 
chemical  manufacturer,  for  example,  which  were  truly 
beautiful.  But  what  did  they  mean  to  the  chemical  con- 
sumer? Nothing!  He  was  not  interested  in  the  least  in 
buying  copper  sulfate  for  decorating  either  his  home  or 
his  plant.  He  was  interested,  let  us  say,  in  its  use  in  pre- 
paring a  new  insecticide,  but  he  was  shown  a  decoration. 
The  attention  value  of  such  decorations  in  coaxing  visitors 
to  pass  near  a  booth  is  great,  but  their  value  in  getting  visitors 
into  the  booth  to  buy  is  an  altogether  different  matter. 
To  continue  the  case,  let  us  suppose  that  within  the  booth 
were  examples  of  some  entirely  new  and  strange  use  of 
copper  sulfate,  such  as  in  the  curing  of  human  hair  for  hair 
nets,  or  the  fireproofing  of  theatrical  hangings,  if  either  were 
possible.  Properly  displayed,  such  processes  would  coax 
in  interested  visitors  far  more  readily  than  the  simple  ex- 
hibit of  a  few  bottles  and  kegs  of  well-known  products  of  this 
material. 

Here,  then,  is  the  germ  of  the  idea  which  will  bring  in- 
terested buyers  to  the  point  of  at  least  lea\'ing  their  names, 
if  not  actually  signing  on  the  dotted  line — get  their  interest 
by  something  new'.  We  think  of  many  new  developments 
which  could  have  been  shown  to  advantage,  and  as  proof 
of  our  contention  we  cite  the  exhibit  of  the  American  dye 
industry  and  that  of  the  American  Chemical  Society, 
both  of  which  presented  old  ideas  in  entirely  new  ways, 
so  far  as  the  exposition  was  concerned.  True,  neither  of 
these  booths  was  designed  to  sell  definite  products,  but 
it  is  equally  true  that  these  two  booths  competed  with 
endless  exhibits  of  machinery  in  motion,  and  most  success- 
fully. The  chemical  manufacturers  can  do  the  same  if  they 
will  only  confine  their  efforts  to  new  ideas  or  new  ways  of 
presenting  old  ones,  instead  of  endless  arrays  of  specimens 
of  products  with  which  the  entire  chemical  world  is  perfectly 
familiar.  The  whole  scheme  of  the  exposition  cannot  be 
justly  criticized  for  the  failure  of  exliibitors  to  take  full 
advantage  of  their  opportunities. 
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Some  Factors  Influencing  the  Design  of  Absorption 

Apparatus 


By  R.  T.  Haslam,  W.  P.  Ryan,  and  H.  C.  Weber 

Massachusetts  Institute  of  Technology,  Cambridge,  Mass. 


IN  THE  design  of  an 
absorption  system  we 
are  usually  concerned 
with  the  size  of  tower  or 
scrubber  necessary  to  ab- 
sorb a  given  amount  of  ma- 
terial per  hour  under  fixed 
terminal  conditions — e.  g., 
concentration  of  entering 
gas,  temperature  of  scrub- 
bing liquid,  per  cent  recov- 
ery, etc.  Oftentimes,  in 
addition,  it  is  desirable  to 
know  how  a  change  in  one 
or  more  of  these  terminal 

conditions  will  affect  either  the  size  unit  required,  the  capac- 
ity of  a  given  unit,  or  the  per  cent  of  material  lost  in 
the  exit  gases.  Both  problems  involve  the  rate  at  which 
matter  is  transferred  from  a  gas  to  a  liquid  or  vice  versa. 
Here,  as  in  the  cases  of  the  flow  of  electricity  and  the 
flow  of  heat,  the  rate  of  transfer  is  proportional  to  a  "driv- 
ing force."  In  the  flow  of  heat  this  driving  force  is  the 
temperature  difference  between  the  hot  and  the  cold  body; 
in  electricity  the  driving  force  is  the  potential  difference  or 
e.  m.  f.  existing  between  the  two  points;  in  absorption  it  is 
the  distance  the  gas-liquid  system  is  from  equilibrium.  In 
the  case  of  the  flow  of  electricity  the  resistance  also  influences 
the  quantity  of  electricity  that  wiU  flow  in  a  given  time.  With 
the  transfer  of  heat  the  same  situation  holds  true — the  amount 
of  heat  that  flows  from  a  hot  body  to  a  cold  one  in  a  unit  time 
is  not  only  proportional  to  the  temperature  diff'erence  (driving 
force),  but  it  is  also  inversely  proportional  to  the  resistance 
through  which  the  heat  must  flow.  So,  too,  with  the  transfer 
of  material  in  absorption  apparatus,  the  rate  of  flow  of  the 
material  from  one  phase  to  the  other  is  not  only  proportional 

^  Received  August  27,  1923.  Revised  from  a  paper  presented  at  the 
meeting  of  the  American  Institute  of  Chemical  Engineers,  Richmond,  Va., 
December  6  to  9,  1922. 


The  advisability  of  studying  absorption  by  methods  successfully 
used  in  the  study  of  the  similar  and  related  field,  flow  of  heat,  is 
pointed  out. 

The  effect  of  the  two  resistances,  the  "gas  film"  and  the  "liquid 
film,"  is  shown  by  studying  the  effect  of  gas  velocity  or  the  absorption 
of  sulfur  dioxide  by  water.  The  gas-film  resistance  appears  to  be 
proportional  to  the  gas  velocity  to  the  0.8  power.  The  liquid-film 
resistance  appears  to  be  practically  independent  of  the  gas  velocity. 
The  over-all  coefficient  of  absorption  rises  rapidly  with  an  increase 
in  gas  velocity  reaching  an  asymptote  due  to  the  comparatively 
stationary  liquid-film  resistance. 

The  equations  connecting  the  rate  of  absorption  with  gas  velocity 
are  given. 
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to  the  driving  force  (distance 
the  system  is  from  equilib- 
rium), but  it  is  also  inversely 
proportional  to  the  resis- 
tances in  between  the  gas 
and  liquid — namely,  as 
shown  by  Whitman  and 
Keats,  ^  the  gas  film  and  the 
liquid  film.  These  film  re- 
sistances are  not  due  to 
actual  stationary  films 
through  which  heat  flows  by 
conduction  and  material  by 
diffusion,  but  in  both  cases 
at  present  these  resistances 
are  considered  as  equivalent  to  stationary  films  of  varying 
thickness. 

The  similarity  between  the  flow  of  heat  and  the  transfer 
of  material  from  a  gas  to  a  liquid  phase,  or  vice  versa,  does 
not  end  with  the  fact  that  each  is  proportional  to  a  driving 
force  and  inversely  proportional  to  a  resistance.  It  has  been 
shown  also  that  the  major  resistances  in  both  cases  are  equiv- 
alent to  film  resistances,  gas  and  liquid  films,  and,  in  addi- 
tion, W.  K.  Lewis^  has  shown  that  under  certain  limit- 
ing conditions  the  coefficient  of  material  transfer  is  pro- 
portional to  the  coefficient  of  heat  transfer.  In  view  of 
this  similarity  it  seems  advisable  to  study  the  rate  of  ab- 
sorption (or  transfer  of  material  from  gas  to  Uquid)  in  a 
manner  similar  to  the  study  of  the  older  science,  the  flow  of 
heat.     Newton's  law  on  the  flow  of  heat  is  as  follows: 

dQ 

where  dQ/dQ  is  the  quantity  of  heat  flowing  per  unit  of  time 
through  the  area  A  of  thickness,  dl,  when  the  driving  force 
or  temperature  difference  is  dt.    The  constant  h  is  the  coeffi- 

'-  This  Journal,  14,  186  (1922). 
>  Mech.  Eng.,  44,  445  C1922). 
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cient  of  heat  conducti\-ity.  Tliis  equation  has  the  same  form 
as  Ohm's  law,  where 

Driving  force  (e.  m.  f.) 
Quantity  (current)  =  Resistance  " 

where  dQ/dO  is  the  quantity  factor,  dt  the  dri\dng  force,  and 
dl/hA  is  the  resistance.  In  the  transfer  of  heat  1/h  is  the 
total  or  over-all  coefficient  of  resistance,  often  composed  of 
three  resistances,  the  intervening  wall,  and  the  fluid  film  re- 
sistences  on  either  side  of  the  wall.    An  exact  knowledge  of 
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the  laws  governing  the  flow  of  heat  was  brought  about,  not 
by  investigating  the  over-all  coefficient  of  resistance,  l//i,  but 
bj'  determining  the  coefficients  of  resistance  of  the  waUs  and 
the  films  separately  and  noting  how  such  variables  as  mate- 
rials, velocity,  temperature,  etc.,  changed  each  resistance. 
Knowing  each  of  the  resistances,  one  may  easily  calculate 
the  over-all  resistance.  In  heat  transfer  the  main  problem 
is  the  determination  of  the  two  film  coefficients.  As  sho-mi 
by  Weber^  the  coefficient  of  heat  transfer  for  gaseous  films 
(forced  convection)  is  as  follows; 

0.88  (FJ"-'  (T)o-^  jS)"-^  (Cp)  fo) 

where    h,,      =  coefficient  of  heat  transfer  through  the  gaseous  film 
V„    =  the  mass  velocity  of  the  gas 
7"      =  gas  temperature  in  degrees  centigrade  absolute 

/  area    \ 
5       =   surface    factor    [^^^^^^^J 

Cp     =  specific  heat  of  gas  at  constant  pressure 

M     =  molecular  weight  of  gas 
McAdams  and  Frost'  have  shown  that  the  coefficient  of  heat 
transfer  through  a  liquid  film  is  as  follows: 
,  23.3  K  (/)F2)»-» 


D 


(3) 


where    hi,     =  coefficient  of  heat  conduction 

K      =  thermal  conductivity  of  stationary  liquid 
D      =  diameter  of  pipe  through  which  liquid  flows 
z        =  fluidity  of  film  on  pipe  relative  to  water 
V      =  average  mass  velocity  of  liquid 
From  these  two  equations  it  is  seen  that  the  resistance  of 
the  gaseous  fihn,  1//;^,  is  inversely  proportional  to  the  gas 
velocity  to  the  O.S  power,  and  that  the  resistance  of  the  liquid 
fihn,   l/hc,   is  inversely  proportional  to  the  0.8  power  of  the 
liquid  velocity  and  the  0.8  power  of  the  fluidity. 

<  M.  I.  T.  Thesis,  1919. 

'  This  Journal,  14,  13.  1101  (1922). 


Turning  now  to  material  transfer  or  absorption,  the  rate 
of  absorption  of  one  material  from  a  stream  by  another  stream 
of  material  flowing  countercurrent  to  the  former  may  be  ex- 
pressed in  a  manner  similar  to  the  flow  of  heat  (Equation  1). 

dW 

ka  V  AP  (4) 


where 


dW 

de 


de 


AP 


=  weight  in  pounds  of  material  being  absorbed  per 
minute 
driving  force  or  distance  from  equilibrium,  often 
expressed  as  pressure  difference  between  the  par- 
tial  pressure   of  solute   in  gaseous  and   liquid 
phases,  expressed  in  millimeters  of  mercury 
V      =  total  interior  volume  of  apparatus  in  cubic  feet 
ka     =  over-all  absorption  coefficient  equivalent  to  the 
pounds  of  gas  absorbed  per  minute  per  cubic 
foot  of  volume  per  millimeter  mercury  partial 
pressure  difference  when  AP  and  F  are  expressed 
as  above 

This  differential  may  be  expressed  as  an  average  equation 
of  rate 

W 

■q    =  kaV  (AP)^,..  (4a) 

WTien  the  gas  obeys  Henry's  law  and  the  temperature 
effects  are  small,  the  APav.  is  the  logarithmic  mean  of  the 
pressure  differences  between  the  partial  pressure  of  the  solute 
in  the  gaseous  and  liquid  phases  taken  at  the  ends  of  the 
system.  In  this  equation  the  over-aU  coefficient  of  absorp- 
tion, k,  is  coupled  with  the  unknoTvn  area  through  which 
absorption  takes  place,  a.    The  over-all  coefficient,  ka,  is 

proportional  to  — — ; — zr—,  where  Ri  is  the  resistance  of  the 
Rg  -r  ill 

gas  film  and  Rl  is  the  resistance  of  the  liquid  film 

The  foUo-ndng  experimental  work  absorbing  sulfur  dioxide 

from  burner  gas  by  water  was  carried  out  with  the  view  of 

studjdng  the  effect  of  gas  velocity  and  temperature  on  the 

rate  of  absorption,  with  the  hope  thereby  to  obtain  more 

information  regarding  the  nature  of  the  film  resistance  and  to 

see  if  the  resultant  over-all  coefficient  of  absorption,  ka,  could 

be  explained  on  the  basis  of  two  films,  gaseous  and  liquid,  in 

series  each  obejang  a  law  similar  to  that  governing  the  flow 

of  heat  through  similar  films. 

Experimental  Results 

Series  I  was  made  with  an  unpacked  tower  8  inches  in 

diameter  by  30  inches  liigh,  through  which  water  was  fed 

down  the  inside  wall  at  a  rate  equivalent  to  16.8  pounds  per 

square  foot  of  cross-sectional  area  per  minute  at  a  constant 
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temperature  of  approximately  58°  F.  The  velocity  of  the 
gas  was  varied  from  0.084  foot  per  second  to  0.396  foot  per 
second,  and  the  rates  of  absorption,  absorption  coefficient. 


a2         o.'f         ae         0.3         /o         /.z 
and  per  cent  absorption  are  given  in  Table  I.     The  absorption 
coefficient  is  plotted  vs.  gas  velocity  in  Fig.  I. 


Table  I 

—Rate  o 

F  Absorption  »s. 

Gas  Velocity 

Lbs.  SOj 

Per  cent 

Absorbed/Min. 

of  Total 

Gas  Velocity 

dW 

AP 

SO! 

Ft./Sec. 

ka 

X    10= 

de 

Series  1 

Mm.  Hg 

Absorbed 

0.0S4 

0.39 

0.0134 

39.2 

47.3 

0.125 

0.44 

0.0162 

42.0 

40.5 

0.166 

0.55 

0.0204 

42.5 

30.0 

0.213 

0.59 

0.0208 

40.5 

31.6 

0.256 

0.61 

0.0221 

41.5 

30.0 

0.294 

0.66 

0.0252 

43.7 

26.0 

0.339 

0.71 

0.0270 

43.5 

24.5 

0.396 

0.78 

0.0286 
Series  2 

42.0 

17.0 

0.088 

0  63 

0.0225 

41.1 

68 

0.167 

0.77 

0.0304 

45.2 

49 

0.254 

0.S5 

0.0382 

51.5 

34 

0.341 

0.P5 

0.0438 

52.8 

30 

Series  2  was  made  in  the  same  tower  as  Series  1,  but  the 
water  was  sprayed  in  at  the  rate  of  32.6  pounds  per  square 
foot  of  cross  section  per  minute.  The  temperatures  were 
approximately  constant  at  55°  F.  The  gas  velocity  was 
varied  from  0.088  foot  per  second  to  O.Sil  foot  per  second. 
The  resultant  data  similar  to  that  taken  in  Series  1  are  shown 
in  Table  I,  and  in  Fig.  2  ka  is  plotted  against  gas  velocity. 

Series  S  was  made  with  the  same  tower  packed  with  1-inch 
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diameter  coke,  the  water  rate  being  32.3  pounds  per  square 
foot  of  cross  section  per  minute  and  the  temperature  approx- 
imately 56°  F.  The  gas  velocity  was  varied  from  0.204  to 
0.976  foot  per  second  and  the  results  are  shown  in  Table  III 
and  in  Fig.  3  the  absorption  coefficient,  ka,  is  plotted  against 
gas  velocity. 


Table  II — Epfect  ok  Linear  Gas 

Velocity 

ON  Abso 

EPTION 

Lbs.  of  SO, 

Per  cent 

Absorbed/Min. 

Per  cent 

Equilbi- 

Gas  Velocity 

dW 

AP 

SOa 

rium 

Ft./Sec. 

ka   X    10» 

de 

Mm.  Hg 

Absorbed  Reached 

Series  3 

0.204 

1.46 

0.0278 

21.8 

40.1 

16.2 

0.2S2 

2.06 

0.0398 

22,2 

41.2 

24.3 

0.389 

2.45 

0.0516 

24.0 

39.1 

30.0 

0.484 

2.71 

0.0614 

26.2 

,39.2 

37.2 

0.578 

2.72 

0.0686 

29.1 

34.1 

39.0 

0.684 

2.79 

0.0770 

31.4 

32.4 

43.8 

0.785 

3.17 

0.0833 

30.1 

31.6 

48.3 

0.976 

3.18 

0.0933 
Series  4 

33.2 

26.7 

52.8 

0.113 

1.41 

0.0256 

20. S 

92.0 

15.8 

0.223 

1.81 

0.0480 

30.3 

77.7 

28.4 

0.352 

1.84 

0.0627 

39.0 

61.1 

35.0 

0.449 

2.06 

0.0688 

38. 1 

50.5 

40.5 

0.565 

2.02 

0.0694 

39.4 

47.7 

40.2 

Series  4  was  made  with  a  tower  8  inches  in  diameter,  30 
inches  high,  packed  with  3  x  3-inch  spiral  tOe,  the  water  rate 
being  32.1  and  the  temperature  approximately  60°  F.  The 
gas  velocity  was  varied  from  0.1  foot  per  second  to  0.565  foot 
per  second.  The  results  are  given  in  Table  II,  and  in  Fig.  4 
the  absorption  coefficient,  ka,  is  plotted  against  gas  velocity. 
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Discussion  of  Results 

Effect  of  Gas  Velocity — In  aU  cases  (Series  1  to  4  and 
Figs.  1  to  4,  inclusive)  it  will  be  seen  that  with  an  increase 
in  gas  velocity  ka  increases  probably  from  zero  (or  a  point 
near  to  it)  at  a  rapid  rate,  the  increase  in  ka  growing  less  at 
the  high  gas  velocities.  Fig.  5  shows  how  the  rate  of  ab- 
sorption (pounds  sulfur  dioxide  absorbed  per  minute,  Series 
III)  increases  with  gas  velocity.  This  also  is  indicated  in 
Fig.  6,  wliich  shows  how  the  per  cent  equilibrium  reached  by 
the  absorbing  liquor  increased  from  15  to  52  per  cent  with  an 
increase  in  gas  velocity  from  0.2  per  second  to  1.0  foot  per 
second.  However,  the  exit  losses  increase  with  gas  velocity, 
as  shown  in  Fig.  7,  which  gives  the  per  cent  absorbed  vs. 
gas  velocity. 

In  considering  Equation  2  for  the  transfer  of  heat  through 
gas  films,  it  is  seen  that  increased  gas  velocity  increases  the 
heat  transfer  through  the  gas  film  proportional  to  the  mass 
velocity  of  the  gas  to  the  0.8  power,  or,  in  other  words,  the 
resistance  to  the  flow  of  heat  decreases  inversely  as  the  velocity 
to  the  0.8  power.  Now  if  the  resistance  1/ka  to  the  transfer 
of  sulfur  dioxide  from  the  gas  to  the  liquid  is  composed  of  a 
gas  film  and  a  liquid  film,  then 
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Assuming  that  the  gas  resistance  varies  inversely  as  the 
gas  velocity  and  that  gas  velocity  has  no  effect  on  the  liquid 
film,  we  have 

^  =   V^s  +  Rl  (•''^ 

ka    =  absorption  coeflScient        C     =  constant 
V     =  gas  velocity  R,    =  gas-film  resistance 

Rl  =  liquid-film  resistance 
Whitman  and  Keats^  do  not  consider  the  liquid  film  to  be 
unaffected  by  gas  velocity,  while  Robinson^  finds  otherwise. 
Fig.  8  shows  1/ka  plotted  against  l/F"*  for  Series  1  to  4, 
inclusive,  the  points  falling  close  to  straight  Unes  as  one  would 
expect  if  Equation  5  is  correct.  Based  on  these  assumptions, 
the  relative  liquid-film  resistance  and  the  gas-film  resistance 

»  Mech.  Eng.,  46,  99  (1923). 
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at  different  velocities  were  computed  and  the  results  are 
shown  in  Table  III. 

Table  III — Rei.ativ8  Liquid  and  Gas  Film  Resistances  at  Various 
Gas  Velocities 

Gas  Resistance,  Rj,  at 


Liquid 

Gas  Velocity  of 

Packing 

Resistance 

O.lFt./Se 

.     0.3Ft./Sec. 

0.5Ft./Sec. 

Wall  only 

0.83 

1.57 

0.66 

0.44 

wetted 

Spray 

0.83 

0.69 

0.29 

0.19 

1-in.  diam- 

0.21 

0.63 

0.26 

0.17 

eter  coke 

Spiral  tile 

0.40" 

0.33 

O.U 

0.10 

The  equations  connecting  the  absorption  coefficient,  ka, 
expressed  in  pounds  per  minute  per  cubic  foot  of  volume  per 
millimeter  mercury  partial  pressure  difference  with  gas  ve- 
locity, F,  in  feet  per  second  are  as  follows: 


Equation 
0.2.5      ,    „ 


y7a.3 


Packing 
Wetted  wall 
Spray 
1-inch  coke 
3-inch  spiral  tile 


The  first  term  on  the  right-hand  side  of  the  equations  is  the 
gas  resistance  term,  while  the  second  refers  to  the  water 
resistance.  In  Series  2,  3,  and  4  the  water  rate  was  constant 
at  approximately  32  pounds  water  per  square  foot  per  minute, 
while  in  Series  1  it  was  17  pounds. 

It  is  to  be  noted  that  the  liquid-film  resistances  foUow  the 
order  of  magnitude  one  would  expect — namely,  that  it  is 
least  with  the  1-inch  coke-packed  tower  and  greater  with 
the  spray  and  wetted-wall  type  of  tower.  The  spiral-packed 
tower  is  intermediate  in  this  respect  between  spray  and  the 
coke-filled  towers.  From  an  inspection  of  Table  III  and 
Figs.  1  to  4,  inclusive,  and  Fig.  8,  it  can  be  said  that  the  data 
show  the  effect  of  the  two  films,  the  effect  of  gas  velocity  at 
low  gas  velocities  being  great  since  the  main  resistance  is 
the  gas  film,  whereas  at  high  gas  velocities  the  effect  is  due 
to  the  increasing  importance  of  the  fairly  constant  liquid 
film.  Furthermore,  these  data  indicate  why  increased  gas 
velocity  has  such  a  small  effect  on  the  absorption  coefficient 
of  spray  type  of  towers — namely,  that  the  liquid-film  resis- 
tance, which  is  fairly  constant  ^\ith  increasing  gas  velocity, 
is  the  major  resistance,  in  addition  to  the  gas  resistance 
being  excessively  high  due  to  "sUppage"  between  the  gas  and 
liquid.  Tliis  treatment  shows  quickly  the  line  of  attack  along 
wliich  to  improve  any  given  type  of  absorption  tower — that 
is  to  say,  for  example,  whether  the  liquid-film  resistance 
should  be  lowered  by  increased  water  velocity  or  the  gas-film 
resistance  lowered  by  increased  air  velocity. 

It  is  of  importance  to  note  that  Robinson^  finds  the  ab- 
sorption coefficient  ha  of  cooling  towers  to  be  linearly  pro- 
portional to  the  air  velocity,  the  line  for  ka  versus  air  velocity 
passing  through  zero.  As  pointed  out  by  Robinson^  and 
Whitman  and  Keats,^  during  adiabatic  humidification  or  air 
cooling  the  water  temperature  remains  constant,  with  the 
result  that  no  liquid  film  e.xists,  leaving  only  one  film  resis- 
tance, the  gas  film.  Robinson's^  data  show  that  the  gas-fUm 
resistance  is  inversely  proportional  to  the  gas  velocity  to  the 
0.8  power,  and  that  the  liquid-film  resistance,  in  the  case 
mentioned,  is  zero. 

Acknowledgment 

The  authors  wish  to  thank  M.  B.  Donald  and  C.  W.  Tyson, 
students  in  the  School  of  Chemical  Engineering  Practice, 
Massachusetts  Institute  of  Technology,  whose  investigations 
are  here  discussed.  Thanks  are  also  due  to  the  Merrimac 
Chemical  Co.,  So.  Wilmington,  Mass.,  in  whose  plant  this 
work  was  carried  out. 


November,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


1109 


The  Standardization  of  Commercial  Viscometers' 


By  Madison  L.  Sheely 
Akmour  Glue  Works,  Chicago,  Ii,l. 


IN  DETERMINA- 
TIONS invohing  vis- 
cosity there  has  been  an 
urgent  need  for  the  practical 
application  of  existing  meth- 
ods to  the  standardization  of 
commercial  viscometers 
wliich  are  in  general  use  in 
the  present  industrial  labo- 
ratory and  for  the  expression 
of  results  in  terms  which 
may  be  checked  in  other 
laboratories  within  a  reason- 
able limit  of  accuracy. 
These  instruments  are  gen- 
erally constructed  of  glass 

of  varying  shapes  and  dimensions,  and  the  results  of  tests  on 
them  are  never  strictly  comparable,  owing  to  these  variations 
and  the  impossibility  of  exactly  reproducing  the  critical 
dimensions  in  glass.  To  be  sure,  various  methods  of  cali- 
bration of  most  "standard"  commercial  instruments  are 
now  avaOable.  We  have,  then,  only  to  select  the  method 
which  is  most  suited  to  the  type  of  instrument  available,  and 
by  careful  determinations  on  hquids  of  known  \'iscosities, 
covering  the  range  in  which  the  viscometer  is  to  be  used, 
to  obtain  a  calibration  curve  for  that  particular  instrument. 
Obviously,  this  method  of  calibration  is  the  only  one  availa- 
ble with  instruments  of  the  type  where  dimensions  are  not 
known. 

A  calibration  of  this  kind  serves  two  definite  purposes. 
In  the  first  place  it  expresses  the  results  in  absolute  units,  a 
system  which  cannot  be  too  highly  recommended.  The  ex- 
pression of  viscosity  in  arbitrary  imits,  such  as  seconds  of 
outflow  or  degrees  MacMichael,  or  in  relations  such  as  the 
ratio  of  time  of  outflow  to  the  time  of  outflow  for  water, 
is  entirely  inadequate  and  very  confusing,  especially  with 
instruments  of  the  type  described  above.  Secondly,  the 
results  may  be  dupUcated  in  separate  laboratories.  Mate- 
rials which  are  purchased  on  viscosity  specifications  may  be 
accurately  defined  in  this  regard.  Moreover,  in  the  case  of 
fragile  instruments,  such  as  glass,  where  dimensions  cannot 
be  accurately  duphcated,  it  is  essential  to  calibrate  in  order 
to  duplicate  results  should  the  instrument  be  broken.  Such 
instruments  are  at  present  in  use  in  many  industrial  labo- 
ratories. Cahbration,  then,  especially  in  absolute  units, 
is  highly  desirable. 

The  viscometers  of  the  short  tube  type  most  widely  used 
for  oils  are  the  Saybolt  Universal,  Saybolt  Furol,  Engler, 
Redwood,  and  Barbey.  The  Saybolt  Universal,-  Saybolt 
Furol,'  Engler,^  and  Redwood^  instruments  have  already 
been  standardized  as  to  their  principal  dimensions,  within 
allowable  tolerances,  and  thus  have  been  made  avaOable  as 
standard  instrmnents  which  when  used  with  the  equation  for 
each  type  express  results  in  the  absolute  unit  of  viscosity. 

It  has  been  found,  however,  that  with  certain  classes  of 
tests  in  industrial  laboratories,  such  as  the  testing  of  glues, 
these  standard  instruments  are  not  suitable,  owing  mainly 

1  Received  May  21,  1923. 

>  Bur.  Standards,  Tech  Paper,  112  (1919). 

>  Chem.  Met.  Eng.,  26,  1175  (1922). 

<  Bur.  Standards,  Tech.  Paper  100  (1917);  112  (1919). 
'Ibid..   Tech.  Paper  210  (1922). 


The  rxeed  of  the  standardization  oj  viscometers,  and  the  adoisa- 
bility  of  expressing  results  in  absolute  units  has  been  discussed. 

The  calibration,  set  up.  and  operation  of  a  typical  glass  outflow 
type  of  viscometer  have  been  given,  together  with  comparisons  of 
various  other  similar  types. 

Data  showing  comparative  results  of  viscosity  determinations  on 
the  various  instruments  are  given. 

A  typical  calibration  of  the  MacMichael  torsional  viscometer  for 
a  single  range  of  viscosity  has  been  studied  and  comparative  data 
have  been  included  showing  unexplained  discrepancies  in  viscosi- 
ties of  glue  solutions  determined  by  this  instrument  and  by  instru- 
ments of  the  capillary  outflow  type. 

Liquids  and  solutions  suitable  for  the  standardization  of  commer- 
cial types  of  viscometers  have  been  briefly  discussed. 


VISCOSITY  PIPETTE  I 
AlfMOUP  GLUE  WOFKS 
CAPACITY  100  CO. 
SEE  CALIBRATION 
CURVE    FIGURE  U 


to  the  fact  that  the  differ- 
ence in  results  of  tests  from 
the  lowest  to  the  highest 
grades  is  not  great  enough 
clearly  to  define  the  many 
grades  which  must  be  des- 
i  g  n  a  t  e  d  between  them. 
This  so-called  "spread"  from 
one  grade  of  glue  to  the 
next  is  especially  narrow  on 
the  low  viscosity  glues.  For 
tliis  reason  mainly,  other 
instruments  of  various 
types,  usually  of  glass  and 
with  a  much  longer  capillary 
(to  increase  the  spread),  are 
commonly  employed.  It  is  with  the  typical  cahbration  of 
several  of  these  types,  together  with  a  tj'pical  calibration  of 
the  MacMichael  torsional  viscometer,  that  this  investigation 
is  concerned. 

Calibration  anb  Use  of  a  Viscosity  Pipet 
A  type  of  pipet  studied  is  shown  in  Fig.  1.  It  is  essen- 
tially a  100-cc.  pipet  bulb  with  a  somewhat  larger  bore  tube 
and  funnel  at  the  top,  and  a  3-inch  glass  capillary,  inside 
diameter  about  0.2.5 
cm.,  sealed  on  the  bot- 
tom of  the  bulb.  The 
pipet  was  immersed 
in  a  water  jacket  con- 
sisting of  an  inverted 
5-pound  bottle,  the 
bottom  of  which  had 
been  cut  off.  The 
bath  was  heated  with 
a  specially  designed 
electrical  heating  unit 
controlhng  accurately 
the  temperature  with- 
in =fc  0.1° C, agitation 
being  effected  by 
means  of  a  slow  cur- 
rent of  compressed 
air. 

The  general  meth- 
od of  procedure  was 
to  bring  the  tempera- 
ture of  the  liquid  to 
be  tested  slightly 
above  or  below  the 
desired  temperature, 
according  to  whether 
the  temperature  of 
the  determination  was 
above  or  below  that  of 
the  room,  and   after  "^' 

pouring  into  the  pipet  to  adjust  it  by  means  of  an  ac- 
curately graduateci  thermometer.  A  slight  stirring  was 
effected  by  moving  the  thermometer  up  and  down  within 
the  pipet.  When  the  desired  temperature  was  reached,  the 
thermometer  was  withdrawn  and  the  head  adjusted  to  an 
etched   line.    A,  located  on  the  upper  tube,  and  the  time 
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measured  from  tliis  point  to  another  etched  line,  B,   at  the 
top  of  the  capUlaiy  tube. 

The  general  equation  for  ^^seosity  for  any  given  instru- 
ment, the  critical  dimensions  of  which  are  unknown  and 
depend  on  flow  due  to  gravity,  is 

B 


At  - 


(1) 


in  which  n  is  the  absolute  \Tscosity  in  centipoises,  y  is  the 
density  in  grams  per  cubic  centimeter,  t  is  the  time  of  out- 
flow in  seconds,  and  A  and  B  are  constants  of  the  given  Ln- 

strument.    The  first  term,  -,  is  usually  designated  as  kine- 
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matic  ^•iscosity— that  is,  absolute  viscosity  di^^ded  by  the 
density.  It  has  been  found  that  when  known  kinematic 
viscosities  are  plotted  against  seconds  of  outflow  of  these 
liquids  (Fig.  2)  a  smooth  curve  results.  It  \\ill  be  noted 
that  with  tliis  particular  tj'pe  of  pipet,  as  with  most  other 
c  mmercial  \dscometers,  the  curve  bends  shghtly  near  the 
lower  end  and  approaches  a  straight  line  at  the  upper  end. 
This  de\dation  from  the  straight  Une  is  due  to  the  correction 
for  the  effect  of  the  kinetic  energy,  which  is  the  energy  re- 
quired to  set  the  liquid  in  motion  as  distinguished  from  the 
actual  energy  required  to  overcome  \'iscous  resistance  in  the 
capillarj'.  When  equivalent  volumes  are  delivered  over 
variable  periods  of  time,  tliis  correction  increases  as  the  time 

of  outflow  decreases.      The   third   term,  -,    of  Equation  1 

represents  this  kinetic  energy-  correction.  With  liquids  of 
high  \'iscosity  it  becomes  negligible  and  Equation  1  may  be 
■mitten 

'^  =  kt  (2) 

which  indicates  that  kinematic  \ascosity  in  these  cases  is 
directly  proportional  to  the  time.  It  will  be  noted  also  on 
Fig.  2  that  when  seconds  of  outflow  of  the  same  hquids  at 
the  various  temperatures  are  plotted  against  the  absolute 
viscosity  in  centipoises,  for  each  of  the  three  cahbrating 
liquids  used  three  separate  and  distinct  curves  are  obtained, 


their  positions  with  respect  to  the  kinematic  viscosity  curve 
depending  on  whether  they  have  a  density  greater  or  less 
than  one;  but  when  these  values  are  changed  over  to  the 
corresponding  kinematic  viscosities  the  continuous  kine- 
matic curve  sho^\Ti  is  obtained. 

There  are  several  methods^  of  finding  the  two  constants  A 
and  B  in  Equation  1.  The  method  used  in  the  calibration 
of  these  pipets  consists  in  finding  the  time  of  discharge  of  two 
liquids  of  known  widely  diS'erent  \ascosities.  These  values 
of  t,  together  with  the  kno'mi  corresponding  values  of  ix  and 
7,  are  then  substituted  in  Equation  1.  The  two  simulta- 
neous equations  are  then  solved  for  A  and  B.  In  order  to 
check  the  relation  between  kinematic  viscosity  and  time 
thus  found,  several  other  solutions  of  intermediate,  known 
\iscosities  were  run  and  found  to  check  remarkably  well 
^s-ith  the  values  calculated.  (Fig.  2  and  Table  I)  The 
liquid  of  lower  viscosity  must  be  so  selected  that  the  type  of 
flow  is  still  ^^scous — that  is,  in  straight-hne  motion,  since 
the  equation  does  not  hold  true  when  the  flow  is  turbulent. 

Table  I — Viscosities  of  Solutions  Compared  with  Calculated 
Viscosities  Determined  with  Pipet  1 
(.4   =  0.1307;    B  =  54.0) 
Temperature  Kinematic 

°  C.  Seconds   Centipoises  Viscosity        Calculated       Error 

Medicinal  Parajfin  Oil 

30  104.0  15.15  18.27' 

45  64.8  8.96  10.92 

60  40.2  5. 87  7.22 

25  Per  cent  Glycerol 

20  23  9  2.18  2.06' 

45  Per  cent  Glycerol 

20  32.8  4.69  4.22 

Water 


10.89 


2.00 


4.27 


0.00 
0.03 
0.04 

0.00 

0.O5 


19.2 

O.SO 

60  Per  ce 

0.81 
n!  Sucrose 

0.66 

0.15 

43.0 

8.34 

6.61 

6.52 

0.09 

48.2 

9.83 

7.77 

7.58 

0.19 

56.2 

11.67 

9.26 

9.20 

0.06 

65.0 

14.01 

11.03 

10.89 

0.14 

77.0 

17.18 

13.49 

13.20 

0.29 

40  Per  cent  Sucrose 

22.8 

1.98 

1.71 

1.76 

0.05 

27  .-2 

3.25 

2.78 

2.94 

0.16 

28.8 

3.76 

3.22 

3.33 

0.11 

30.6 

4.38 

3.74 

3.76 

0.02 

33.5 

5.19 

4.42 

4.44 

0.02 

37.2 

6.20 

5.27 

5.27 

0.00 

42.0 

7.47 

6.34 

6.31 

0.03 

44.11  Per  cent  Ethyl  Alcohol  (.by  Weight) 
24.6 


2.25 


0.07 


55.0 


1349.4 
:  two  valui 


8.86 


0.10 


0.30 


2.02  2.18 

60  Per  cent  Glycerol 
10.31  S.96 

Castor  Oil 
231.0  244.0  243.7 

were  used  in  calculating  the  A  and  B  constants  in 
Equation  1. 

To  determine  the  absolute  \'iscosity,  then,  of  any  unknown 
liquid,  it  is  necessary  to  determine  the  time  of  discharge  and 
from  a  caUbration  curve  or  by  calculation  from  the  A  and  B 
constants  in  Equation  1  to  obtain  the  kinematic  ^^scosity. 
This  value  multiphed  by  the  density  at  the  temperature  of 
the  test  gives  the  absolute  \'iscosity  in  centipoises. 

.10 
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A  grapliical  method  for  the  determination  of  the  A  and  B 
constants  in  Equation  1  for  any  given  instrument  has  been 
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evolved  by  Higgins.^    He  combines  Equations  1  and  2 


M 


and    plots    the    values  —^  against  ^, 
yt  t 


The    data   given  in 


Table  I  for  Pi  pet  1  were 
used  in  plotting  these 
values  in  Fig.  3.  The  A 
factor,  then,  is  numeri- 
cally equal  to  the  inter- 
cept of  the  line  on  the 
axis  of  ordinates,  wlule 
the  B  factor  is  equal  to 
the  tangent  of  the  angle 
which  the  straight  por- 
tion of  the  line,  extended 
to  the  axis  of  abscissas, 
makes  with  that  axis. 
Tliis  method  has  the  ad- 
vantage that  it  aids  in 
selecting  a  suitable  cali- 
brating liquid  for  the  low 
point  on  the  curve,  as  it 
is  thereby  possible  with 
most  types  to  obtain  a 
series  of  points  near  the 
lower  end  which  will  in- 
dicate where  the  straight 
line  begins  to  break, 
giving  high    values    for 

Fig  4  —  and  causing  the  line 

yt 

to  bend   upwards.     From   the   value   of    -  ,  at  which  this 

break  occurs,  may  be  calculated,  approximately,  the  num- 
ber of  seconds  of  outflow  below  which  the  instrument 
may  not  be  used  and  which  is  near  the  region  of  critical 
velocity — that  is,  the  region  of  change  from  viscous  to 
turbulent  flow.  The  position  of  this  region  varies  with  the 
dimensions  of  the  capillary,  but  in  general  the  shorter 
the  capiOary  the  lower  will  be  the  velocity  at  Vliich  turbulence 
begins.  It  is  of  utmost  importance  in  the  caUbration  of  any 
instnunent  of  this  general  type  to  determine,  at  least  ap- 
proximately, this  region  of  change  of  flow.  It  may  not  be  pos- 
sible to  obtain  the  exact  point,  but  a  point  well  below  the 
critical  velocity  may  easUy  be  selected  for  use  in  determining 
the  constants.  This,  in  fact,  was  the  manner  in  which 
Pipet  1  was  cahbrated,  as  only  one  point  (for  water)  above 
the  critical  velocity  was  obtained  and  the  exact  point  at  which 
the  critical  velocity  was  exceeded  was  not  accurately  de- 
termined. With  velocities  above  tliis  region,  only  the  parti- 
cles nearest  the  walls  of  the  capiUary  are  moving  in  parallel 
motion,  whQe  the  main  volume  is  in  violent,  turbulent  action. 

When  the  value  of  the  expression  — ,   generally  known  as 

Reynold's  criterion,  exceeds  a  certain  figure  which  is  charac- 
teristic of  each  type  of  viscometer,  the  change  from  parallel 
to  turbulent  flow  has  taken  place.  An  attempt  has  been 
made  to  calculate  the  value  of  this  criterion  for  the  region 
of  critical  velocity,  but  owing  to  the  non-uniformity  of 
the  diameter  of  the  glass  capiUary  and  other  dimensions, 
an  approximation  only  could  be  arrived  at.      For  Pipet  1 

tliis   region   lies  near    to    the   value    — r     =     12.00, 

M  (m  cp.) 

which    is  less   than  the  value    20.00    generally  used  with 

the  long  tube  instruments,  since  the  capillary  is  only  30.5 

•  Collected  Researches,  The  National  Physical  Laboratory,   11    (1914). 


diameters  in  length,  and  is  greater  than  the  value  8.00,  which 
is  the  value  calculated  for  instruments  of  the  short  tube  type, 
such  as  the  Engler  and  Saybolt,*  where  the  ratio  of  length 
to  diameter  is  about  7. 

If  only  a  limited  degree  of  accuracy  is  desired,  the  point 
of  critical  velocity  may  be  obtained  by  calculating  the  A 
and  B  constants  from  a  series  of  low  points  and  a  single 
high  point  and  selecting  the  pair  which  will  give  a  correct 
calculation  for  a  value  on  the  curve  immediately  below  the 
selected  point.  For  instance,  if  values  for  A  and  B  are  cal- 
culated from  a  45  per  cent  solution  of  glycerol  and  a  suitable 
high  point  and  these  values  suffice  to  calculate  the  known 
viscosity  of  a  40  per  cent  solution  of  glycerol,  then  it  is  re;i- 
sonable  to  assume  that  the  A  and  B  values  are  correct.  The 
constants,  however,  may  not  be  used  to  calculate  viscosities 
above  the  critical  velocity.  About  forty  pipets  of  the  type 
described  above  have  been  calibrated  in  this  manner,  and 
solutions  of  unknown  viscosities  have  been  evaluated  to  art 
accuracy  of  less  than  ±0.1  centipoise.  Table  II  gives  ai 
series  of  viscosity  determinations  on  glue  solutions  (12.5 
per  cent,  60°  C.)  on  two  pipets  calibrated  by  this  method. 
Portions  of  the  same  solution  were  used  with  each  pipet  in 
order  to  eliminate  any  error  due  to  concentration  or  method 
of  preparation.  Pipet  2  was  of  the  same  type  as  Pipet  1, 
but  the  running  time  was  considerably  less. 

Table  II — Viscosity  op  Gldb  Solutions  Determined  by  Two  Pipets 


Pipet  1 

Pipet  2 

DiEferen 

Cp. 

Cp. 

Cp 

1.5.86 

15.97 

0.1  ! 

13.73 

13.72 

U.O] 

11.83 

11.88 

0.0.1 

10.26 

10.11 

0   15 

8.64 

8.59 

0  05 

7.40 

7,42 

1.02 

6.32 

6.24 

O.'ls 

5.28 

5,35 

0.07 

4. 46 

4.50 

0.04 

3.74 

3  73 

0.01 

3.17 

3.18 

0.01 

Vi:-.COS\TY   PIPETTE 


^/".PACiTY    70  cc 


In  order  to  determine 
the  suitability  of  a  pipet 
for  a  given  range  of  vis- 
cosity, two  other  pipets 
of  radically  different 
design  were  calibrated. 
The  Powell  pipet  shown 
in  Fig.  4  consists  of  a 
cup-shaped  glass  vessel 
with  attached  glass 
capillary  S'Vie  inches 
m  length,  the  whole 
surrounded  by  a  glass 
water  bath.  The  initial 
head  was  adjusted  by 
means  of  an  etched  line 
on  the  upper  part  of 
the  cup  and  the  volume 
delivered  was  measured 
by  means  of  an  ordi- 
nary 200-cc.  Englervol- 
umetric  fiask.  The 
third  type  of  pipet 
cahbrated,  which  was 
kindly  furnished  by 
George  R.  Underwood 
of  The  American  Glue 
Company,  is  shown  in  Fi    s         "' 

Fig.  5  and   is   similar 

to  one  shown  in  Fig.  1  except  that  the  capUlary  is  only 
10  mm.  long  and  about  1.75  mm.  in  diameter.  More- 
over, the  volume  delivered  was  only  70  cc.  instead  of  100  cc. 
The  A  and  B  constants  for  each  of  these  instruments  were 
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determined  and  the  viscosity  of  portions  of  the  same  gelatin 
solution  determined  on  each,  with  the  results  indicated  in 
Table  III. 

Table  III — Viscosity  of  Sams  Gelatin  Solution  by  Four  Pipets 


Viscometer 
Pi pet  1 
Pipet  2 

Powell  Cup  Pipet 
American  Glue  Company 
Pipet,  70  Cc. 


Calculated  Absolute 

Viscosity 

Cp. 

13.55 

13.56 

13.61 

13.94 


rn 

p 

PF 

capacity     locc. 

O     PAeAFFlN     Oil— 

^    WATse        rLEMGTH         I.O    ^M. 
outlet    TUBE    {  DIArl               .175  <iM. 

^ 

0 

^ 

^ 

Z' 

(^ 

,^ 

y 

45 
4o 

y 

/ 

<*• 

Q 

V 

^ 

3o 
Z5 
to 

0 

^ 

^ 

HI    . 

^ 

Vl 

sec 

1-     i 

.      < 

r  1 

i  ■" 

1 

J  1 

1 

2.  1 

J   1 

J.  1 

•i  1 

o    1 

^  1 

i 

these  pubhcations  for  a  complete  discussion  and  calibratioD 
of  the  MacMichael  \'iscometer. 

The  liquids  used  in  the  calibration  of  this  instrument  were 
the  same  as  used  for  the  capillary  type.  The  revohdng  cup 
was  adjusted  to  a  speed  of  56.4  r.  p.  m.  and  the  larger  disk  bob 
and  wire  No.  32  were  used  in  all  determinations.  The  tem- 
perature of  100  cc.  of  the  hquid  to  be  measured  was  adjusted 
in  the  cup  after  first  bringing  it  near  to  that  temperature  at 
which  a  reading  was  to  be  taken.  The  conversion  curve  in 
Fig.  7  shows  that  the  degrees  MacMichael  deflection  is  a 
straight-line  fimction  of  the  absolute  viscosity  for  all  values 
above  approximately  2  centipoises.  Readings  below  tliis 
point,  as  pointed  out  by  Herschel,  are  affected  by  turbulence 
and  centrifugal  forces,  which  make  the  curve  tend  to  curve 
sMghtly  at  the  lower  end.  This  is  shown  more  apparent  in  Fig. 
8,  where  the  factor  cp./°  M.'^  is  plotted  against  centipoises. 


Factors  Controlling  the  Selection  of  a  Pipet — The 
calibration  curves  of  the  various  types  of  pipets,  together 
with  those  of  the  Saybolt  and  Engler,  are  sufficient  to  indi- 
cate the  importance  of  the  suitabihty  of  these  tjijes  for  any 
particular  ^^scosity  determination.  The  curves  for  the 
Engler,  Saybolt,  and  the  American  Glue  Company's  pip'et  are 
all  seen  to  be  quite  flat — that  is,  over  the  same  range  of  kine- 
matic viscosity  the  number  of  seconds  "spread"  is  compara- 
tively low.  This  is  due  to  the  fact  that  these  viscometers 
are  all  of  the  short  tube  type.  On  the  other  hand,  the  cali- 
bration curve  for  Pipet  1  (Fig.  1),  and  also  the  Powell  pipet 
(calibration  curve  not  given,  but  similar  to  Pipet  1),  shows 
a  vNide  spread  over  the  same  range  of  \iscosity.  Both  of 
these  are  fitted  with  capillaries  of  the  long  tube  type.  In 
general,  this  type  is  recommended  for  accurate  work,  although 
it  must  be  remembered  that  the  range  of  viscosities  which 
may  be  covered  is  obviously  limited.  The  emergency  cal- 
ibration by  the  method  described  above  of  an  ordinary  50 
or  100-cc.  volumetric  pipet  may  readily  be  made  and  ac- 
cm-ate  viscosities  recorded.  For  a  discussion  of  the  factors 
controlling  the  selection  of  the  dimension  of  capillaries 
reference  may  be  made  to  the  work  of  Bingham.' 
The  MacMichael  Viscometer 

The  MacMichael  torsional  \-iscometer  lends  itself  to  de- 
terminations of  absolute  viscosities,  but  here  again  we  are 
confronted  with  a  need  of  practical  standardization  in  order 
to  obtain  check  results.  Tliis  investigation  has  considered  a 
typical  calibration  of  the  MacMichael  viscometer  as  it  per- 
tains to  practical  usage  in  the  commercial  laboratory.  This 
instrument  has  been  employed  with  success  upon  various 
true  liquids  and  also  upon  plastic  material  such  as  slip  clays, 
starch  and  rubber  solutions,  and,  recently  by  Bogue,*  on  glue 
solutions.  It  has  been  described  in  detail  by  MacMichael,' 
Herschel,'"  Hayes  and  Lewis,"  and  the  reader  is  referred  to 

»  This  Journal,  6,  233  (1914);  "Fluidity  and  Plasticity,"  1922,  p.  316. 
«  Chem.  Mel.  Eng.,  23,  61.  197  (1920). 
•This  Journal,  7,  961  (1915). 

"  Ibid.,  12,  282  (1920);   J.  Optical  Soc.  Am.,  1,  335  (1923). 
"  J.  Am.  Soc.  Uech.  Ens..  38,  626,  1002  (1916). 


Table  IV- 

-Calibration  of 

MacMichael  \ 

iscometer 

(Wire  No.  32, 

56.4  r.  p.  m.) 

Temperature 

°M. 

Cp.                  Co 

nversion  Fa 

60  Per  cent  Sucrose  Solution 

60 

134 

9.83 

0.0733 

55 

148 

11.67 

0.0789 

50 

179 

14.01 

0.0783 

45 

209 

17.18 

0.0822 

40 

248 

21.28 

0.0858 

40  Per  cent  Su 

crose  Solution 

60 

41.0 

1.98 

0.0483 

55 

43.5 

2.22 

0.0510 

50 

46.5 

2.50 

0.0538 

45 

49.5 

2.85 

0.0576 

40 

53.0 

3.25 

0.0613 

35 

59.0 

3.76 

0.0637 

30 

64.5 

4.38 

0.0680 

25 

75.0 

5.19 

0.0692 

20 

88.0 

6.20 

0.0705 

15 

103.5 

7.47 

0.0722 

Disimcd 

Water 

60 

18.0 

0.47 

0.0261 

45 

20.5 

0.60 

0.0292 

30 

23.5 

0.80 

0.0341 

Medicinal  ParaMn  Oil 

60 

83 

5.87 

0.0707 

45 

lis 

8.96 

0.0759 

30 

ISj 

15.15 

0.0S19 

&    1     10    II     12    re    14    15    16    n    >* 
Fig.    7 

In  order  to  obtain  comparative  data  on  the  MacMichael 
instrmnent  and  the  capillary  type  pipet,  portions  of  the 

1=*  °  M.  =  degrees  MacMichael. 
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same  solutions  (in  duplicate)  of  three  glues  were  run  on  two 
pipets  and  in  the  MacMichael  viscometer.  The  calibra- 
tion curves  for  each  were  then  used  to  calculate  the  absolute 
viscosity.     Thedata  obtained  are  given  in  Table  V. 
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t  1 . 

. Pipet 

2 . 

"M. 

Cp. 

Sec. 

Cp. 

Sec. 

Cp. 

14S 

11.7 

55.8 

10.15 

61,2 

10  38 

146 

11.5 

56.2 

10.19 

61.2 

10,38 

Av 

11.6 

Av. 

10.17 

Av. 

10.38 

107 

8.0 

44.0 

7.52 

45.5 

7.39 

105 

7.8 

43.2 

7.34 

45.8 

7   24 

Av. 

7.9 

Av. 

7.43 

Av. 

7.32 

162 

12,9 

64.2 

11,95 

70,0 

12.11 

163 

i:j,l 

65.0 

12.11 

70.4 

12.19 

Av 

la.o 

Av. 

12.03 

Av. 

12.15 

It  will  be  noted  in  Table  V  that,  whUe  the  two  pipets  check 
one  another  very  closely,  they  do  not  give  the  same  absolute 
xdscosity  as  the  MacMichael  instrument.  Attention  is  called 
to  this  discrepancy  because  it  brings  up  a  question  which  is  of 
special  interest.  Is  the  viscosity  of  a  coUoidal  solution  de- 
pendent on  the  type  of  instrument  used?  Although  it  may 
be  true  that  plastic  substances  like  glues  at  lower  temperatures 
have  no  constant  viscosities,  dilute  glue  solutions  such  as 
those  used  in  this  work  and  at  a  temperature  of  60°  C.  are 
decidedly  fluid  substances,  and  when  their  previous  his- 
tories (as  in  the  foregoing  cases)  are  carefully  controlled,  their 
apparent  viscosities  in  absolute  units  appear  to  vary  with  the 
type  of  instrument  used.  The  discrepancy  increases  with  the 
grade — -that  is,  with  the  viscosity.  Whether  it  is  due  to  a 
breaking  down  of  the  colloidal  aggregate  in  passing  througli 
the  small  cajjUlary  of  a  pipet,  causing  a  lower  viscosity,  or 
to  the  fact  that  a  difference  in  the  rate  of  shear  affects  tlie 
apparent  viscosity  of  colloidal  solutions  or  to  a  combination 
of  the  two,  is  not  definitely  known.  With  the  MacMichael 
instrument  the  velocity  of  the  solution  at  any  point  does  not 
equal  the  velocity  in  the  capillary,  and  therefore  there  is  lit- 
tle tendency  to  damage  the  colloidal  structure  with  this 
type.  Excessive  agitation  has  been  shown  to  contribute 
largely  to  the  lowering  of  the  viscosity  of  glue  solutions. 
In  fact,  when  the  operation  of  running  them  through  a  capil- 
lary is  repeated  on  the  same  solution,  a  lower  \'iscosity  is 
usually  observed.  On  the  other  hand,  the  effect  of  difference 
in  the  rate  of  flow  has  been  observed  only  on  glue  solutions  of 
12.5  per  cent  concentration  at  60°  C,  where  an  increase  of 
about  27  per  cent  in  velocity  did  not  appreciably  affect  the 
viscosity  recorded.  However,  the  absolute  viscosities  re- 
corded on  the  pipets  for  true  solutions  such  as  sucrose  and 
glycerol  check  very  closely  with  those  recorded  on  the  Mac- 
Michael instrument. 

Discussion  of  Calibeating  Solutions 

For  the  caUbration  of  commercial  viscometers  in  absolute 
units,   several   liquids   and   solutions   are   available   whose 


viscosities  are  accurately  known.  Glycerol  and  sugar  solu- 
tions have  been  studied  and  viscosities  which  agree  very 
closely  have  been  reported  in  publications  of  the  Bureau  of 
Standards.''  With  the  equipment  available  in  the  present 
commercial  laboratory,  sucrose  solutions  containing  20, 
40,  and  60  per  cent  sucrose  are  probably  useful  only  between 
10°  and  60°  C,  which  gives  a  viscosity  range  between  0.81 
and  109.8  centipoises.  These  solutions  are  readily  prepared 
and  standardized  either  by  the  density  method  or  by  means 
of  the  polariscope.  The  higher  concentrations,  however, 
vary  in  viscosity  quite  rapidly  with  a  change  in  temperature, 
and  therefore  should  be  used  with  due  consideration  of  the 
limits  of  error  involved.  Tliis  is  the  case  with  glycerol 
solutions,  and  to  a  greater  extent.  Here  the  viscosity  changes 
v'ery  rapidly  above  a  55  per  cent  concentration. 

The  absolute  viscosities  of  alcohol  solutions  are  also 
available,  and  these  are  especially  suitable  for  cahbration 
l^urposes  on  low  viscosities.  Although  alcohol  solutions 
above  ordinary  temperatures  are  quite  volatile,  this  fact  is 
offset  by  the  fact  that  their  viscosities  change  only  very  slowly 
with  a  change  in  concentration.  For  the  pipet  calibrations 
mentioned  above,  as  has  been  indicated,  a  25  per  cent  solution 
of  glycerol  was  used  to  fix  the  position  of  the  calibration 
curve  at  its  lower  end,  and  a  liighly  purified  medicinal  paraffin 
oil,  the  viscosity  of  which  was  determined  by  the  Bm-eau  of 
Standards  by  request,  to  fix  the  upper  end  of  the  curve. 
It  wiU  be  noted  from  Table  II  that  the  only  determination 
made  above  this  point — namely,  that  of  castor  oil  at  40°  C. 
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— checks  remarkably  well  with  the  value  determined  by  Kahl- 
baum  and  Riiber."  In  general,  nonvolatile  oils  are  recom- 
mended for  calibrating  purposes  at  comparatively  high 
viscosities.  The  absolute  viscosities,  when  unknown,  may  be 
determined  by  sending  about  200  cc.  to  the  Bureau  of  Stand- 

»  Bm.  Standards,  Sci.  Paper  298  (1917). 

•*  For  discussion  of  viscosities  of  various  castor  oils,  see  Bur.  Stand~ 
ards,  Sci.  Paper  112,  24  (1919). 
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ards  or  by  an  accurate  determination  on  a  long  tube,  cali- 
brated \'iscometer. 
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The  Control  of  Motion  and  Aeration  in  Corrosion  Tests 


By  J.  F.  Thompson  and  R.  J   McKay 

The  Internationai,  Nickel  Co.,  New  York,  N.  Y. 


ACID  corrosion  tests 
of  several  "acid-re- 
sisting" metals  were 
undertaken  at  the  Mellon 
Institute  of  Industrial  Re- 
search during  1920  to  deter- 
mine the  causes  of  irregu- 
larities in  the  length  of  ser- 
vice obtained  from  Monel 
metal  apparatus  used  for 
pickling  steel  sheets.  As 
the  tests  progressed  the 
control  of  certain  factors 
was  found  necessary  to  ob- 
tain accurate  results,  but  in 
spite  of  the  importance  of 
these  factors  a  search  of 
the  literature  revealed  little 
or  no  accurate  information 


Exact  results  can  be  obtained  in  corrosion  tests  by  liquid  immersion 
when  quantitative  control  of  the  aeration  of  the  corroding  liquid 
and  the  motion  of  the  corroding  liquid  relative  to  the  cor- 
roded solid  is  maintained.  Tests  made  to  predict  the  practical 
service  of  factory  equipment  will  he  in  error  unless  these  important 
factors  are  duplicated,  or  accurately  corrected  for.  Control  is  more 
difficult  in  quiet  than  in  moving  tests.- 

The  mechanism  by  which  variation  in  aeration  and  rate  of  motion 
affects  the  corrosion  rate  is  discussed.  A  test  method  of  control 
sufficiently  accurate  to  reproduce  results  within  about  5  per  cent  is 
given.  Also,  results  obtained  in  connection  with  a  series  of  2000 
tests  on  acid-resisting  metals  in  2  to  10  per  cent  sulfuric  acid,  du- 
plicating some  conditions  found  in  picliling  steel  sheets,  are  pre- 
sented. The  results  illustrate  an  increase  in  rate  of  500  per  cent 
from  air-free  to  air-saturated  solution  and  of  600  per  cent  from 
comparative  quiet  to  motion  at  0.5  foot  per  second,  but  the  agreement 
has  been  well  within  5  per  cent  with  quantitative  control  of  these 
variables.  The  results  are  in  accord  with  experience  in  picliling 
practice. 


The  results  obtained  in 
these  tests  (Table  I)  showed 
such  a  surprising  increase  in 
the  rate  of  corrosion  and  in 
the  accuracy  of  results  at 
even  low  velocities  over  the 
rate  and  accuracy  obtained 
in  quiet  tests,  that  the  plan 
of  making  quiet  tests  was 
discarded  as  useless.  They 
could  not  furnish  a  predic- 
tion of  practical  results,  nor 
were  they  accurate  enough 
for  any  conclusions. 

No  increase  in  the  rate 
was  apparent  between  0.2.5 
and  0.5  foot  per  second. 
The  percentage  experimen- 
tal error  here  is  less  than 


regarding  them. 

A  large  part  of  the  literature  on  related  subjects  discusses 
tests  made  by  suspending  a  sample  in  a  solution,  making 
no  pro-\-ision  for  movement  of  the  solution  nor  for  the  pre- 
vention of  motion.  It  seemed  from  the  outset  that  the 
duplication  of  results  could  not  be  obtained  by  this  method, 
as  it  could  not  compensate  for  the  change  in  concentration 
of  the  corroding  agent,  which  must  of  necessity  take  place  at 
the  sohd-Uquid  contact.  Therefore,  an  apparatus  was 
planned  which  would  give  a  positive  regulation  and  control 
of  the  relative  motion  of  the  sample  and  the  solution,  with- 
out any  very  definite  idea  of  just  how  this  movement  would 
affect  the  mechanism  and  the  rate  of  corrosion.  One  of  the 
most  generally  used  machines  in  pickling  sheets  produces 
a  motion  in  the  solution  of  a  character  suitable  for  laboratory 
control,  and  by  copjnng  the  motion  of  this  macliine  it  was 
possible  to  regulate  the  movement  and  at  the  same  time  to 
subject  the  samples  to  the  same  conditions  in  this  respect 
that  obtain  in  actual  ser\dce.  A  laboratory  apparatus 
duplicating  this  motion  was  therefore  devised. 

Effect  of  Motion  on  Results 

After  the  apparatus  was  installed,  tests  were  run  to  deter- 
mine the  difference  in  the  effect  of  motion  or  quiet,  both 
from  the  standpoint  of  absolute  corrosion  rate  and  of  re- 
producibility of  results.  The  quiet  and  the  mo\'ing^  tests 
were  made  in  all  respects  under  the  same  conditions,  except 
that  in  the  quiet  tests  the  drive  motor  of  the  mo^dng  mechan- 
ism was  shut  off. 

1  Received  July  7,  1923. 

2  The  terms  "quiet"  and  "moving"  are  used  in  preference  to  "static" 
and  "dynamic,"  favored  by  other  writers,  because  the  latter  properly  are 
used  in  reference  to  forces  rather  than  to  materials. 


Table  I 

.Mt  saturation  about  15  per  cent.     Temperature  60' 
6  per  cent  sulfuric  acid 

'C. 

. Corrosion  Rat(^Mg./Sq. 

Sample        Sample        Sampl 
2649              2661              2664 

Dm./Day . 

Average 

Average 
Variationo 
Per  cent 

28 
141 
140 

23 

13.S 
130 

22 
139 
135 

24 
139 
135 

7 

0.7 

2.3 

was  usually  obtained,  but 
the  usual  effect  of  a  much  larger  error  in  quiet  than  in 
moving  tests  is  found.  Of  all  tests  made  the  average  vari- 
ation was  4.5  per  cent  for  moving  tests  and  20  per  cent  for 
quiet  tests. 


Motion 
Rate 
Ft./Sec. 
0.0 
0.125 
0.50 

a  Calculated   by  averaging  the  percentage  variations  of  single  tests 
from  their  average.      This  was  found  to  be  a  useful  measure  of  accuracy. 


As  the  tests  had  for  their  purpose  the  study  of  corrosion  of 
metals  in  the  pickling  of  steel,  they  were  made  under  condi- 
tions as  nearly  as  possible  duphcating  those  of  actual  pick- 
Ung  practice.  The  temperatures  used  ranged  from  60°  to 
90°  C.,  and  the  concentrations  of  acid  from  2  to  10  per  cent 
of  sulfuric  acid  by  weight. 

Apparatus  for  Motion  Control 

The  movement  of  the  samples  relative  to  the  solution  was 
accomplished  by  the  apparatus  shown  in  Fig.  1.  Virtual, 
harmonic,  vertical  motion  was  transmitted  to  a  horizontal 
bar  from  an  electric  motor  through  a  belt  drive  with  cone 
pulleys,  worm  reducing  gear,  chain  and  cone  sprockets,  and 
adjustable  crank.  The  motor  was  0.5  horse  power,  1700 
revolutions  per  minute.  The  length  of  vertical  stroke  of  the 
bar  was  adjustable  in  the  yoke  from  a  minimum  of  0.5  inch 
to  a  maximum  of  4  inches.  The  rate  of  stroke  could  be  ad- 
justed from  3  to  100  revolutions  per  minute.     These  adjust- 
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ments  enabled  a  variation  in  the  rate  of  movement  of  the 
sample  through  the  solution  from  3  to  800  inches  per  second. 

Glass  rods,  bent  in  such  a  shape  as  to  carry  the  sample  with 
contact  at  only  two  places,  passed  through  holes  in  the  bar 
and  were  fastened  rigidly  by  thumbscrews.  Holes  were 
pro\aded  for  five  rods,  and,  in  cases  where  no  inaccuracies 
could  result  from  testing  more  than  one  sample  in  the  same 
solution,  a  frame  was  used  to  carry  a  number  of  rods.  This 
de\'ice  furnished  a  regular  and  measurable  movement,  easily 
adjusted.  The  samples  came  into  contact  with  the  rod  at 
only  two  Hnes,  each  0.25  inch  in  length,  and  the  sample  needed 
no  suspension  holes  or  other  special  shape.  The  rate  of 
movement  was  controllable- independently  of  all  other  factors. 

Battery  jars  with  a  capacity  of  about  4  liters  were  placed 
in  a  large  water  bath  on  a  table  under  the  moving  bar,  at 
such  a  height  that  the  glass  rods  could  be  easOy  set  to  carry 
the  samples  completely  immersed,  still  allowing  freedom  of 
movement  and  easy  removal.  The  table  carrying  the 
samples  rested  on  the  floor,  independent  of  the  frame  which 
carried  the  motor  and  other  moving  parts,  so  that  there 
would  be  no  vibration  to  disturb  the  contact  film. 

The  fact  that  the  motion  was  noncontinuous  was  consid- 
ered a  disadvantage,  because  there  was  a  complete  stop  and 
also  a  maximum  rate  50  per  cent  higher  than  the  average. 
However,  it  was  considered  more  satisfactory  than  a  contin- 
uous rotation,  because  the  swirling  produced  by  rotation 
would  make  the  actual  velocity  past  the  surface  harder  to 
determine.  A  continuous-flow  apparatus  to  handle  the  solu- 
tions in  question  at  known  speeds,  possible  of  regulation 
within  wide  limits,  was  considered  too  expensive;  but,  in 
view  of  the  results  obtained,  it  seems  that  such  an  apparatus 
would  pay  for  itself  in  results  of  general  value. 

Results  without  Control  of  Aeration 

After  the  apparatus  was  operating,  results  were  obtained 
for  a  time  which  checked  each  other  closely.  Then  unac- 
countable variations  began  to  appear.  Results  varied  as 
much  as  20  per  cent  from  one  day  to  another,  for  no  ap- 
parent reason.  Finally,  it  was  noticed  that  when  the  labora- 
tory windows  were  left  open  in  windy  weather  and  there  was 
an  appreciable  draft  of  air  through  the  room,  results  were 
invariably  high.  The  only  obvious  way  in  which  this  breeze 
could  affect  the  tests  was  in  bloviing  the  steam  away  as  it 
arose  from  the  jars  and  thus  coming  in  contact  to  a  variable 
extent  'with  the  surface  of  the  solutions.  No  reference  could 
be  found  in  the  literatitre  to  differences  in  corrosion  rate  vdth 
an  air  contact  in  acid  solutions  of  such  a  strength,  but  a  con- 
sideration of  the  chemical  reactions  involved  showed  that  a 
considerable  effect  might  be  expected.  Therefore,  the 
following  test  was  devised  to  check  the  point: 

Several  samples  of  the  same  alloy  were  tested  in  the  same 
solution,  placed  at  different  distances  below  the  surface, 
while  especial  precautions  were  taken  to  keep  the  solutions 
quiet.  The  results  were  obtained  in  two  tj'pical  tests.  The 
distance  from  the  surface  as  given  is  the  center  of  the  hne  in 
which  the  samples  moved.  The  alloy  used  was  Monel  metal 
and  the  temperature  and  concentrations  were  the  same  as  in 
Table  I. 


results  of  Test  1  and  Test  2  is  typical  of  the  variations  that 
were  being  obtained  at  this  stage  of  the  research,  but  the  effect 
of  the  greater  supply  of  air  near  the  surface  is  shown  in  both. 
It  was  then  suggested  that  if  the  air  had  such  an  important 
effect  a  convincing  qualitative  proof  would  be  to  direct  a 
small  stream  of  air  against  a  plane  surface  of  metal  and  thus 


Table  II 

istance  from  Surface 

Test  1 

Test  2 

Inches 

Mg./Sq.  Dm./Day 

Mg./Sq.  Dm./Day 

0.75 

193 

152 

2.00 

173 

140 

3.25 

157 

127 

If  the  air  contact  with  the  surface  affects  the  rate  of  corro- 
sion, it  would  be  expected  that  the  samples  near  the  surface 
would  corrode  at  a  more  rapid  rate  than  those  at  the  lower 
levels.  That  this  actuaUy  happens  is  shown  with  surprising 
definiteness   by   the   results.     The   difference   between   the 


Fig.  1 — Front  View  of  the  Apparatus 

possibly  produce  an  indentation  at  the  point  of  contact. 
This  experiment  was  tried  by  connecting  the  laboratory 
air  line  to  a  water-bottle  delivery  tube,  so  arranged  under  a 
6  per  cent  acid  solution  that  the  stream  of  air  was  forced  at 
right  angles  against  the  sample.  The  result  was  that 
0.25-inch  plate  samples  of  several  acid-resisting  metals  were 
completely  perforated  by  the  air  jet  before  there  was  any 
appreciable  thinning  in  the  immediate  neighborhood  of  the 
holes.  Photographs  of  some  representative  samples  are 
given  in  Figs.  2  and  3.  These  results  were  interesting  in 
that  they  offered  new  enhghtenment  as  to  the  mechanism  of 
the  corrosion  and  they  furnished  an  explanation  of  certain  of 
the  practical  phenomena.  However,  they  demonstrated  the 
necessity  of  control  of  the  air  content  of  the  solution,  wliich 
introduced  new  experimental  difficulties. 

Necessity  of  Aeration  Control 

The  resistance  of  so-called  "acid-resisting"  metals  to  acid 
corrosion  is  due  largely  to  the  fact  that  they  do  not  replace 
hydrogen  in  acids.     Taking  copper,  for  example,  the  reaction 

Cu  +  HjSOi  — >  CuSO,  4-  Hj  (1) 

will  not  proceed  in  the  direction  indicated.  Consideration 
of  the  heats  of  reaction  indicates  that  the  reaction 

2Cu  +  O2  +  2HjS04  — >  2CUSO4  +  2H2O  (2) 
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will  have  a  greater  tendency  to  take  place — in  fact,  it  is  ex- 
othermic, whereas  Equation  1  is  endothermic.  The  evident 
products  of  corrosion  of  copper  by  sulfuric  acid  are  copper 
sulfate  and  water,  and  it  is  therefore  probable  that  the  reaction 
proceeds  according  to  Equation  2.     Therefore,  it  would  be 


Fig.  2 — Monel  Metal  Peh 

expected  that  the  rate  of  reaction  would  depend  on  the  con- 
centration of  Cu,  O2,  and  H2SO4.  In  other  words,  dissolved 
oxygen  should  be  as  active  in  producing  corrosion  as  a  strong 
acid.  Copper  is  here  used  as  an  example,  but  the  reasoning 
will  apply  to  any  metal  which  will  not  directly  replace  hydro- 
gen in  acids. 

For  metals  which  will  replace  hydrogen,  the  following  re- 
actions take  place: 

Fe  -I-  H2SO4  — >  FeS04  +  H2  (3) 

2Fe  -I-  O2  +  2H2SO4  — >■  2FeS04  -|-  2H2O  (4) 

As  above,  it  would  be  expected  that  the  reaction  velocity 
would  be  increased  by  the  presence  of  oxygen,  but  in  this 
case  both  reactions  are  exothermic  and  the  metal  is  corroded 
with  considerable  speed  in  both  cases.  The  results  given 
below  are  in  agreement  with  this  reasoning,  as  shown  by  the 
smaller  effect  of  aeration  in  accelerating  the  corrosion  of 
iron  than  of  metals  of  low  solution  pressure.      (Table  V) 

According  to  Seidell,^  the  solubiUty  of  oxygen  from  air  in 
water  at  25°  C.  is  0.0075  gram  per  liter,  or  about  0.00094 
normal.  In  the  present  tests  the  concentrations  of  acid  were 
from  2  to  10  per  cent,  or  0.5  to  2.0  normal.  The  concen- 
tration of  acid  is  thus  from  500  to  2000  times  as  great  as  that 
of  oxygen.  At  80°  C.  this  ratio  would  probably  be  increased 
to  a  maximum  of  10,000. 

Thus,  at  the  normal  corrosion  rate  for  copper  in  2  to  10 
per  cent  sulfuric  acid,  1000  mg.  per  sq.  dm.  per  day,  a  sample 
of  area  of  0.5  sq.  dm.  (an  ordinary  sheet  sample  2  inches 
square)  would  exhaust  the  air  from  a  200-cc.  corroding  solu- 
tion, according  to  Equation  1,  in  about  6  minutes,  if  the 
corrosion  proceeded  at  the  maximum  rate.  The  concentra- 
tion would  be  decreased  1(5  per  cent  in  1  minute  and  the  rate 
of  corrosion  diminished  accordingly.  This  is  accompanied 
by  no  appreciable  change  in  the  concentration  of  the  acid. 

Therefore,  it  would  be  expected  that  in  such  a  corrosion  the 
rate  would  depend  verj'  much  more  on  the  concentration  of 
air  in  solution  than  on  the  concentration  of  acid.  This  has 
been  found  to  be  true  in  the  experiments  of  the  authors. 

'  "Solubilities  of  Organic  and  Inorganic  Materials,"  1917. 


The  oxygen  necessary  for  these  reactions  may,  of  course,  be 
furnished  by  an  oxidizing  agent,  if  one  is  present,  or  by 
catalysts.  These  catalysts  may  be  compounds,  such  as  iron 
sulfates,  which  are  oxidized  readily  by  oxygen  and  reduced 
by  metal,  or  finely  di\aded  or  colloidal  material  carrying 
absorbed  oxygen,  or,  in  special  cases,  a  combination  of 
the  two,  as  with  the  hydrates  of  iron.'' 

Interdependence  of  Motion  and  Aeration 

Since  the  reaction  presumably  only  takes  place  at  the 
surface  of  the  metal,  there  is  another  condition  to  consider. 
Instead  of  the  rate  of  reaction  being  determined  by  the 
concentration  in  the  body  of  the  solution,  it  is  determined 
by  the  concentration  in  actual  contact  with  the  surface. 
As  has  been  seen,  the  material  whose  contact  must  be  con- 
sidered is  not  the  acid  but  dissolved  oxygen.  Therefore,  a 
change  in  the  supply  of  oxygen  to  this  surface  deternnnes  a 
change  in  the  rate  of  motion  of  the  solution  and  the  rate  of 
supply  of  oxygen  to  it.  Thus,  the  rate  of  motion  of  the 
solution  is  of  importance  in  supplying  oxygen  to  the  sample, 
and,  within  certain  limits,  the  concentration  in  the  contact 
film  will  vary  with  the  motion  and  the  rate  of  corrosion  will 
increase  with  increase  in  motion. 

Unless  there  is  some  continuous  motion  of  the  solution, 
the  corrosion  products  will  be  unevenly  distributed,  owing  to 
shght  movements  of  the  corroding  liquid,  and  this  will  pro- 
duce differences  in  the  concentration  of  the  corroding  medium. 
The  differences  in  concentration  will  set  up  quasi-concentra- 
tion  cells*  wliich  accelerate  corrosion  at  one  point  and  inhibit 
it  in  others.  Therefore,  the  corrosion  is  uneven  and  such 
tests  do  not  give  duplicate  results.  A  controlled  moderate 
agitation  of  unvarying  speed  will  largely  prevent  these  effects 
and  enable  the  reproduction  of  results.  The  agitated  test 
is  the  more  practical,  because  in  most  service  cases  of  cor- 
rosion of  acid-resisting  metals  the  corroding  medium  is  in 
movement. 


Fig.  3 — Aluminium  Bronze  Perforated  by  Air  Jet 

Apparatus  for  Aeration  Control 

In  order  to  produce  a  known  concentration  of  dissolved 
oxj'gen  in  the  corroding  solutions,  the  apparatus  sho\VTi  in 

<  Friend,  Trans.  Am.  Eleclrockem.  Soc,  40,  1  (1922). 
t  McKay,  Ibid..  41,  201  (1922). 
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Fig.  4  was  developed.  Aii  alundum  crucible  of  medium 
fineness  was  fitted  carefully  with  a  rubber  stopper.  The 
stopper  was  cut  thin  to  insure  a  perfect  fit  without  breaking 
the  crucible,  and  over  it  was  placed  a  wooden  disk  held  by 
strong,  narrow  rubber  bands  passing  verticaUy  around  the 
crucible.  The  disk  and  stopper  were  bored  to  receive  a 
glass  tube  connected  with  the  pressure  gas  supply.  This 
arrangement  enabled  the  holding  of  sufficient  air  pressure 
within  the  crucible  to  produce  a  rapid  emission  of  fine  bubbles. 

In  use  tlie  stopper  was  so  fitted  on  a  bent  glass  tube  as  to 
lie  in  the  bottom  of  the  battery  jar  under  an  inverted  glass 
funnel  held  on  a  glass  standard.  The  funnel  collected  all  the 
bubbles  from  the  crucible  and  delivered  them  near  the  sur- 
face of  the  solution,  thus  preventing  actual  contact  between 
the  bubbles  and  the  samples.  The  solution  flowed  up  through 
the  funnel  with  the  bubbles,  giving  sufficient  circulation  to 
assure  saturation  with  gas,  but  without  affecting  appreciably 
the  average  rate  of  movement  relative  to  the  sample. 

It  was  necessary,  in  making  a  test,  to  use  great  care  that  this 
saturation  device  was  operating  at  full  efficiency.  A  small 
crack  in  the  crucible  or  leak  at  the  stopper  allowing  an  appre- 
ciable proportion  of  air  to  flow  in  large  bubbles  invariably 
caused  low  results.  The  saturated  condition  was  usually 
indicated  by  the  formation  of  secondary  minute  bubbles 
in  the  solution  from  time  to  time,  and  unless  this  happened 
the  saturating  apparatus  was  not  considered  efficient. 

In  tests  with  the  solution  saturated  with  air  the  surface 
of  the  liciuid  was  in  contact  with  the  laboratory  atmosphere. 
In  all  others  a  glass  cover  was  placed  over  the  battery  jar  and 
neutral  or  suitable  gas  or  gas  mixtures  were  used  in  the 
saturator.  The  glass  cover  was  a  rectangular  plate  bored  to 
admit  the  aii'  tube,  siphon,  and  sample  support.  Vapor 
from  the  warm  solution  condensed  on  this  cover,  sealing 
any  slight  openings.  Interstices  were  left  sufficient  to  allow 
the  gas  to  escape.  On  the  moving  sample  support  a  glass 
tube  was  fastened  with  a  rubber  tube  in  such  a  manner  that 
the  top  end  was  sealed  and  the  lower  end  fitted  in  the  hole  in 
the  cover  so  as  to  seal  the  opening  with  a  water  film  and 
still  move  freely  up  and  down  and  allow  the  necessary  play 
sideways.  Thus,  by  controlling  the  relative  volumes  of  gas 
admitted  to  the  saturator,  the  concentration  of  oxygen  or 
any  active  gas  could  be  controlled  independent  of  all  other 
factors. 

With  apparatus  as  now  developed  it  was  again  found  pos- 
sible to  duplicate  results  closely.  Some  typical  results  are 
given  in  Table  III. 

Table  III — Mon-el  Metal 
Rate  of  motion,  0.25  foot  per  second 
Concentration 


.4i 

r  used  in 

saturator 

82 

10 

Av. 

726 
686 
692 
701 
701 

82 

4 

A.y. 

652 

685 
675 
082 
674 

No  saturator. 

Air 

'n  contai 

t  with  su 

rfa 

ce  of  the  solut 

60 

6 

Av. 

107 
157 
164 
194 
200 
144 

The  much  better  duplication  of  results  where  the  saturator 
was  used  is  of  note.  The  tests  without  the  saturator  were 
made  during  the  first  part  of  the  investigation  before  the  im- 
portance of  the  factors  in  oxygen  supply  discussed  above  were 
realized.  The  comparatively  large  variation  in  these  tests 
resulted  in  the  development  of  the  saturator. 


Table  IV — Cold  Drawn  Copper 

Rate  of  motion.  0.25  foot  per  second 

Concentrated 
Temperature               HjSOt 
°  C.                       Per  cent 

Corrosion  Rate 
Mg./Sq.  Dm./Day 

Methane  used  in  saturator 

82                     .         6 
100                               3 

64 

78 

Air  used  in  saturator 

60                               6 
60                               2 

1070 
1110 

The  results  obtained  by  using  a  reducing  gas-  in  the  satura- 
tor were  always  lower  than  those  wherein  nitrogen  was  used. 
It  is  believed  that  this  was  because  the  nitrogen  (from  com- 
mercial tanks)  contained  a  trace  of  oxygen  or  a  slight  amount 
of  air  was  carried  to  the  solution  by  drip  from  the  glass  cover. 
With  the  reducing  gas  this  effect  would  be  minimized. 


GL^55  TUBE 


Plate  Glass 

Olass  tar 
WATER  Level 


Glass  funnel 


Fig.  4 — Aerating  Apparatus 

Tests  made  on  about  fifteen  acid-resisting  metals  and 
alloys,  with  and  without  the  presence  of  air,  showed  effects 
of  the  same  order  of  magnitude  in  all  cases. 

According  to  the  reasoning  in  this  discussion,  the  effect  of 
oxygen  in  the  corrosion  of  steel  should  be  less  than  in  the  cor- 
rosion of  Monel  metal.  This  inference  was  found  to  be 
true,  and  the  relative  effect  on  steel  was  found  to  be  greater 
in  the  lower  acid  concentrations,  which  observation  agrees 
■ndth  the  interesting  contemporary  results  of  Wliitman, 
Russell,  Welling,  and  Coclirane.^ 


Sam-     Area 


Table  V — Rate  of  Solution  i 
Weight 


Cold  Rolled  Steel 

Acceleration 
Ratio  Loss  Saturated       by  Air 

Loss     Mg./Sq.  Dm./Hr.         with  Per  cent 

Test  1:    82°  C,  6  per  cent  HiSOi,  S  minutes 
0.148  21.7491     0.6851  56  Air  0 

0.143  18.1341     0.7492  63  Nitrogen 

Test  2:    82°  C,  0.05  per  cent  HiSOt,  IS  minutes 
0.13     20.0935     0.0395  1.21  Air  22 

0.99  Nitrogen 

cent  H2SO4,  5  minutes 
0.92  Nitrogen 

1 .  14  Air  24 


0.12  17.0331  0.0296 

Test  3:   82°  C,  0.05  pci 
0.13     19.9352     0.0300 
0.12     17,1051     0.0341 


I  This  Journal,  IS,  672  (1923). 
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The  many  other  factors  which  affect  the  rate  of  corrosion 
of  metals  will  not  be  discussed,  but  the  inadequacy  of  drawing 
conclusions  from  experiments  in  wliich  agitation  and  aeration 
are  incompletely  controlled  is  to  be  emphasized. 

The  following  notes  mention  briefly  some  of  the  other 
conditions  existing  throughout  the  tests.  The  duration  of 
tests  was  usually  20  hours.  In  the  absence  of  serious  pit- 
ting, the  loss  in  weight  per  unit  surface  per  unit  time  was 
used  as  the  measure  of  the  corrosion  rate. 

Tests  were  repeated  imtil  the  certainty  of  securing  dupli- 
cate results  was  assured.  The  samples  were  of  a  standard 
size,  a  disk  1  inch  in  diameter  and  0.25  inch  thick.  All 
surfaces  were  ground  with  zero  emery  before  testing.  Solu- 
tions were  analyzed  before  and  after  all  tests.  A  constant- 
level  siphon  furnished  water  to  replace  the  rapid  evaporation. 
The  volume  of  solution  was  3  liters.  The  sample  was  set  on 
edge  on  two  glass  rods,  making  contact  at  only  two  places. 
Temperature  was  maintained  by  an  electrically  heated, 
thermostat-controlled  bath  covered  with  parafln. 


Tliis  investigation  was  begun  for  the  purpose  of  studying 
certain  practical  problems  and  led  to  their  solution  before  the 
effect  of  variation  in  rate  of  motion  and  of  concentration  of 
dissolved  oxygen  were  fuUy  determined.  The  pressure  of 
other  practical  work  has  made  it  impossible  to  pursue  the 
study  with  rapidity.  It  would  be  desirable  to  ascertain  the 
effect  of  rate  of  motion  over  a  greater  range  of  speeds  and  the 
influence  of  air  saturation;  also  to  study  other  concentra- 
tions of  dissolved  oxj'gen.  The  data  presented  herein  are 
sufficient  to  show  that  progress  in  corrosion  study  must  be  ac- 
comphshed  by  thorough  knowledge  of  these  factors. 
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DURING  some  work 
involving  the  use  of 
the  well-known 
Mohr  reaction,  it  became 
necessary  to  employ  tliis  in 
the  titration  of  very  dilute 
solutions  of  salt,  obtained 
as  a  discharge  from  the  test 
of  a  3000-horse  power  tur- 
bine. As  may  be  remem- 
bered, tliis  method  employs 
a  solution  of  nitrate  of 
silver  that  is  added  to  pre- 
cipitate the  chlorine  in  a  neutral  solution  as  sUver  chloride. 
The  end  of  the  titration  is  indicated  by  a  red  color,  due  to 
the  formation  of  silver  chromate  in  presence  of  potassium 
chromate  as  an  indicator. 

Under  favorable  conditions  this  is  a  very  accurate  titration. 
In  the  presence  of  any  colored  impurity  in  the  water,  or  con- 
siderable precipitated  sUver  chloride,  the  observance  of  the 
red  color,  or  end  point,  is  a  matter  of  considerable  difficulty. 
It  then  becomes  necessary  in  some  cases  to  remove  the  color 
of  the  water  by  chemical  means. 

It  occurred  to  the  writers  that  they  might  employ  the  three- 
electrode  tube,  so  widely  used  in  radio  work,  as  a  means  of 
indicating  the  end  point,  without  the  necessity  of  relying  on 
any  color  change. 

It  was  found  on  consulting  the  literature  that  W.  A.  Noyes, 
Jr.,^  had  described  a  use  of  the  three-electrode  tube  for  the 
measurement  of  potential  in  an  electrolytic  ceU  for  the  de- 
position of  iron.  This  avoided  the  shunting  of  an  appreciable 
amount  of  current  around  the  cell  as  would  be  the  case  when 
an  ordinary  voltmeter  is  used. 

A  brief  description  of  the  manner  in  which  a  three-electrode 
tube  functions  ■noU  make  clearer  the  method  of  procedure  in 
this  work. 

'  Received  January  27,  1923. 
*  "Some  Aspect   of  Electrolytit 
preprint  (1921). 


The  following  article  details  a  new  method  of  accurately  titrating 
dilute  solutions  of  salt  with  silver  nitrate.  The  concentrations  in- 
vestigated varied  from  N/lOO  to  N/2500. 

The  voltage  changes  produced  in  a  concentration  cell  during  titra- 
tion of  a  solution  in  one  limb  of  it  are  impressed  on  the  grid  element 
of  the  tube. 

The  changes  in  potential  of  the  grid  vary  the  value  of  the  plate 
current  through  the  galvanometer,  altering  the  magnitude  of  the  scale 
reading  of  the  galvanometer.  The  end  of  the  titration  is  shown  by  no 
further  change  in  the  galvanometer  deflection,  when  more  titration 
reagent  is  added  to  the  solution  in  one  limb  of  the  concentration  cell. 


Function  of  Thbee-Elec- 
TRODE  Tube 


Iron,"  Trans.  Am.  Electrochem.  Soc,  40, 


In  the  three-electrode 
tube  a  filament  of  fine  wire, 
plain,  or  oxide-coated,  is 
heated  to  a  high  tempera- 
ture by  a  battery  current. 
The  high  vacuum  inside  the 
tube  allows  negatively 
charged  particles  or  elec- 
trons to  be  shot  off  from 
the  hot  filament.  These 
electrons  are  drawn  over  to  a  positively  charged  plate, 
the  second  element  of  the  tube.  The  positive  charge  on 
the  plate  is  produced  by  connecting  it  with  the  positive 
terminal  of  a  second  or  plate  battery.  The  negative  terminal 
of  this  plate  battery  is  connected  with  the  negative  side  of  the 
filament  circuit.  This  pro\'ides  a  path  for  a  current  from  the 
plate  to  the  filament.  If  a  galvanometer  or  miUiammeter  is 
connected  into  this  circuit,  a  current  will  be  indicated  from 
the  plate  to  the  filament;  the  value  of  tliis  current,  within  cer- 
tain ranges,  mil  be  dependent  on  the  magnitude  of  the  fila- 
ment current  that  conditions  the  temperature  of  the  filament 
and  the  consequent  flow  of  electrons. 

If  a  third  element,  or  grid,  is  placed  between  the  filament 
and  the  plate,  a  means  of  controlling  the  magnitude  of  the 
plate  current  in  two  directions  is  available.  If  the  grid  is 
given  a  positive  charge,  it  will  attract  negative  electrons  from 
the  filament.  A  current  will  also  be  estabhshed  in  the  grid 
circuit.  If  the  grid  is  made  negative,  a  reverse  effect  will  be 
obtained  and  the  plate  current  will  be  decreased  for  a  given 
change  in  the  potential  of  the  grid.  With  a  negative  charge 
the  grid,  located  between  plate  and  filament,  repels  the  nega- 
tive electrons  from  the  filament  back  to  the  filament,  and  thus 
reduces  the  value  of  the  plate  current  in  proportion  to  any 
change  that  may  occur  in  the  value  of  the  negative  potential 
of  the  grid.  These  changes  in  value  of  the  plate  current  will 
be  indicated  by  a  galvanometer  in  the  plate  circuit.    A  means 
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is  thus  obtained  of  noting  any  very  small  changes  of  potential 
that  may  occur  in  any  system  inserted  in  the  grid  circuit. 


Fig.  1 — Apparatus  for  Titration  of  Salt  Solutions 


Tube  filament 

Grid 

Plate  of  tube 
■■  Galvanometer 
•■  Variable  resistance  box 
■  Plate  battery 

(The  solutio 


A  =  Filament  battery 
r  =  Filament  rheostat 
At  =  Filament  ammeter 
j^andy  =  Two  limbs  of  concentratic 
5  =  Agar-fiUed  siphon 
M  =  Motor  stirrer 
1  to  be  titrated  is  in  limb  y) 


About  a  year  ago  a  conductivity  cell  was  tried  in  the  grid 
circuit.  The  idea  was  to  titratq  out  the  salt  in  the  usual  way, 
and  rely  on  a  change  in  resistance  of  the  cell  to  alter  the  grid 
potential.  This  scheme  proved  fundamentally  inoperative 
since  no  current  flows  in  the  grid  circuit  when  the  grid  is 
negatively  charged;  therefore,  a  change  in  resistance  of  the 
titration  ceU  would  cause  no  perceptible  voltage  change  on  the 
grid. 

The  idea  that  a  concentration  cell  connected  in  the  grid 
circuit  would  function  in  the  way  desired  was  found  to  be  cor- 
rect.    This  forms  the  basis  of  this  new  method  of  titration. 

Prinx'iple  of  Concentkation  Cell 

With  this  device  there  are  two  electrodes  dipping  in  solu- 
tions of  different  strength,  each  electrode  and  solution  m  a 
separate  container.  When  these  two  single  cells  are  con- 
nected by  a  conducting  siphon,  a  battery  is  formed,  which 
affords  a  feeble  current  from  the  more  dilute  solution  to  the 
more  concentrated,  thence  through  the  external  circuit  back 
to  the  electrode  in  the  more  dilute  solution.  The  current  wiU 
flow  as  long  as  there  is  a  difference  in  concentration  between 
the  two  solutions.  The  energy  that  affords  voltage  to  propel 
a  current  is  seated  in  a  change  of  osmotic  pressure  that  con- 
tinually goes  on  during  the  equalization  of  the  concentrations. 
When  the  concentrations  are  completely  equalized  in  the  two 
parts  of  the  ceU,  no  further  voltage  changes,  and  conse- 
quently current  flow,  will  occur. 

Application  to  Salt  Titr.4.tion 

The  writers  were  interested  in  making  use  of  the  change  in 
potential  of  the  electrode  dipping  in  the  salt  solution  of  un- 
known strength.  Tliis  concentration  was  to  be  continually 
altered  by  titrating  out  the  chlorine  of  the  salt  with  silver 
nitrate  in  the  usual  way.  A  concentration  cell  was  made  up 
of  two  small  beakers,  connected  by  a  siphon  of  solidified  agar, 
which  contained  N/10  potassium  nitrate  to  give  conductivity. 


In  the  known  limb  of  the  cell  was  a  silver  wire  dipping 
in  A''/10  potassium  chromate  saturated  with  silver  chromate. 
There  might  also  be  used  here  a  dilute  solution  of  sodium 
nitrate  saturated  with  silver  chloride  plus  one  or  two  drops 
iV/100  silver  nitrate.  In  the  other  cell  or  beaker  was  a  silver 
wire  dipping  into  the  unknown  salt  solution  whose  strength 
was  to  be  determined  by  titration  with  silver  nitrate. 

By  connecting  this  cell  in  the  grid  circuit  of  the  three-ele- 
ment tube  so  that  a  change  in  the  negative  potential  of  the 
grid  would  be  produced  as  the  titration  proceeded,  a  means  of 
determining  the  end  point  electrically  would  be  provided  by 
the  indications  of  the  galvanometer  in  the  plate  circuit. 

To  explain  this  more  completely,  as  chlorine  is  precipitated 
by  titration  in  one  limb  of  the  concentration  cell,  the  electrode 
potential  in  that  arm  will  increase,  owing  to  removal  of  chlo- 
rine ions.  This  will  cause  an  increase  of  the  negative  potential 
on  the  grid,  which  produces  a  reduction  of  the  plate  current 
in  the  tube,  shown  by  a  diminishing  change  in  the  galvanom- 
eter reading. 

Very  close  to  the  end  point,  the  chlorine  will  be  removed 
relatively  at  the  fastest  rate,  causing  a  rapid  and  marked 
potential  change  of  the  grid,  denoted  by  wide  changes  in  the 
galvanometer  reading.  Practice  confirmed  this  theory. 
When  the  end  point  was  reached  there  was  no  further  change 
in  the  concentration  cell  potential  of  any  significant  value,  and 
any  pronounced  galvanometer  variations  ceased. 

A  diagram  of  the  apparatus  is  given  in  Fig.  1.  An  oxide- 
coated  filament  tube  was  mostly  used,  although  an  amplify- 
ing tube  served  just  as  well,  by  making  more  careful  adjust- 
ment of  plate  potential.  With  the  oxide  filament,  a  4-volt 
battery  could  be  used,  with  a  controlling  rheostat  in  the  fila- 
ment circuit.  A  22.5-volt  plate  battery  of  the  type  used 
in  radio  operation  was  connected  in  the  plate  circuit,  as  well 
as  a  D'Arsonval  galvanometer. 

The  concentration  cell  was  inserted  in  the  grid  circuit 
of  the  tube,  the  negative  pole  being  connected  with  the  grid. 
The  silver  nitrate  solution  was  run  from  a  buret  into  the  arm 
of  the  concentration  cell  containing  the  unknown  salt  solution. 
This  solution  was  stirred  vigorously  by  a  motor-driven  stirrer. 
A  resistance  box  was  placed  across  the  galvanometer,  to  func- 
tion as  a  variable  shunt,  so  that  the  initial  value  of  the  plate 
current  could  be  adjusted  to  a  magnitude  below  that  causing 
an  off-scale  deflection  of  the  galvanometer.- 

The  sensitiveness  of  tliis  method  depends  on  the  relative 
effect  that  a  given  change  in  grid  voltage  has  on  the  value  of 
the  plate  current,  since  the  greater  this  change  in  plate  cur- 
rent effected  by  the  grid  variation  in  voltage,  the  larger  will 
be  the  galvanometer  deflection. 

Amplifying  Factor 

These  points  may  be  more  clearly  expressed  by  considermg 
what  is  known  as  the  amphfying  factor  of  a  tliree-electrode 
tube,  and  the  curve  that  expresses  the  relationship  between  ' 
plate  current  and  grid  voltage  variations,  for  a  constant  plate 
voltage. 

The  amplifying  factor  equals  plate  volts  change  for  a 
given  plate  current  change  divided  by  grid  volts  change  for 
the  same  plate  current  change.  This  may  be  succinctly  ex- 
pressed by  the  expression 

"  =  dt 
dip 
As  operated,  there  is  a  fixed  plate  voltage  in  the  tube, 
with  a  resulting  plate  current  for  a  fixed  fiJament  current, 
for  any  one  condition.  As  the  grid  voltage  changes  owing 
to  any  external  cause  the  plate  current  varies  by  a  certain 
amount  referable  to  the  amplification  factor.  The  factor  for 
the  tube  used  was  about  5. 
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In  order  to  have  these  plate  current  variations  as  great 
as  possible  for  a  ininunum  grid  voltage  change,  the  constant 
grid  potential  for  any  fixed  condition  of  the  system  should 
lie  on  the  steepest  portion  of  the  grid-voltage-plate-current 
curve  of  the  electron  tube.  Such  a  set  of  curves  for  the  tube 
used  in  this  work  is  shown  in  Fig.  2.  The  plate  voltage 
was  23.7  volts  and  the  filament  current  1.1  amperes.  This 
gives  a  desirable  grid  voltage  swing  or  variation  from  —  1  to 
-j-l  volt,  on  the  steep  portion  of  the  plate-current-grid- 
voltage  curve. 


Plate   Current 
Im  1 1 1  i  -  airps  ) . 


of  30  to  40  cc.  salt  solution  titrated,  these  values  should  be 
increased  by  0.3  to  0.4  cc.  to  account  for  chlorine  in  natural 
water.  In  Expts.  43  to  51  it  took  0.3  cc.  more  silver  nitrate, 
or  an  average  of  2.7cc.,  to  get  red  color  with  silver  chromate. 
Faucet  water  was  used  instead  of  distilled  water,  as  an  esti- 
mation of  total  chlorine  in  salt  added  plus  that  in  the  natural 
water  was  desired. 


Table  I-Titration  Values 


Grid  Potential    (volts) 
Fig.  2 


Galva- 
nometer 

Scale 

Cm. 

5.4 

4.6 

5.0 

5.0 

6.0 

5.7 

6.2 

5.0 

5.5 
10.6 

5.2 

3.7 

4.0 

4.5 

4.3 

4.S 

3.6 

3.6 

3.4 

3.9 

3.9 

3.7 

3'2   (Av.  7  expts.) 

3.0 

3.0 

3.0 


With  a  Af/2500  salt  solution,  1  cc.  of  AVIOOO  salt  solution 
is  equivalent  to  25  cc.  of  iV/2500  strength.  So  40  cc.  of 
A72500  are  equivalent  to  1.6  cc.  of  the  N/100  strength. 

The  faucet  water  used  to  make  up  the  solutions  required 
between  0.3  and  0.4  cc.  N/lOO  silver  nitrate,  and  gave  a 
\'isible  turbidity  of  silver  chloride.  The  agreement  is  thus  sure 
to  be  close  enough  to  establish  the  accuracy  of  the  method. 

Even  with  40  cc.  of  tap  water,  the  galvanometer  gave  a 
readable  deflection  of  0.7  cm.,  which  goes  to  show  the  extreme 
sensibility  of  the  method.  The  galvanometer  variation  from 
Expts.  36  to  54— iV/1000  to  Ar/2500for  average  of  40  cc— is 
only  about  1-cm.  scale.  The  decrease  in  sensibility  of  the 
galvanometer  is  verj'  slow  as  dilution  proceeds. 

Work  along  these  Mnes  vaU  be  pursued  in  tliis  laboratory. 


Volume  0.01  N  Silver 

Solution 

Nitrate 

Salt 

Volume 

Observed 

Calculated 

Expt. 

Strength 

Cc. 

Cc. 

Cc. 

1  toll 

Af/100 

10 

Av 

10.00 

10.0 

12,  13 

N/100 

20 

Av 

20.10 

20.0 

14,  15 

N/2()0 

10 

Av. 

5.00 

5.0 

16,18 

N/'JOO 

10 

Av. 

3.20 

3.33 

19 

JV/400 

10 

2.60 

2.5 

20 

AV400 

20 

5.10 

5.0 

21 

W/400 

10 

2.60 

2.5 

22 

iV/400 

20 

5.15 

5.0 

23 

A'/400 

20 

5.10 

5.0 

24 

Ar/500 

20 

4.10 

4.0 

25 

iV/700 

20 

3.00 

2.87 

27 

iV/700 

20 

3.05 

2.87    ■ 

2S 

N/700 

20 

3.00 

2.87 

29 

N/700 

20 

3.05 

2.87 

30 

N/700 

20 

3.10 

2.87 

33 

AT/ 1000 

20 

2.15 

2,00 

36 

iV/1000 

30 

3.20 

3.00 

37 

N/IOOO 

30 

3.10 

3.00 

38 

iV/1000 

30 

3.10 

3.00 

39 

N/laOO 

40 

2.80 

2.7 

40 

N/1500 

40 

2.80 

2.7 

41 

N/ISOO 

40 

2.90 

2.7 

42 

.V/l.WO 

40 

2.80 

2.7 

43  to  51 

W'/2000 

40 

Av. 

2.10 

2.0 

52 

iV/2500 

40 

1.70 

1.6 

S3 

iV/2500 

40 

1.75 

1.6 

54 

iV/2500 

40 

1.70 

1.6 

Results 

To  show  the  working  of  this  method,  a  tabulation  of  a 
typical  set  of  results  will  be  most  convincing.  A  salt  solution 
is  titrated  whose  strength  in  salt  is  continually  diminished. 
The  amount  of  this  solution  is  listed,  and  the  variation  of  the 
galvanometer  indicated.  Solutions  varying  in  strength  from 
iV/100  to  A72500  are  hsted.  Tliis  means  a  variation  of  the 
salt  concentration  from  5.85  mg.  in  10  cc.  of  0.01  normahty 
to  0.936  mg.  of  salt  present  in  40  cc.  of  0.0004  normahty.  In 
all  titrations  the  galvanometer  makes  the  most  of  the  swing 
noted  on  the  addition  of  last  three  or  four  drops  of  the  silver 
nitrate  added  to  effect  the  end  point.  This  is  in  accordance 
with  the  theory  of  the  concentration  cell. 

Ordinary  colors  in  natural  waters  give  no  interference 
with  this  method.  The  end  point  could  be  more  accurately 
attained  on  knovm  solutions  than  with  the  potassium  chro- 
mate indicator.  This  removes  the  personal  equation  in  the 
observance  of  color. 

In  Expt.  21  the  salt  solution  was  colored  with  methyl  blue: 
In  Expt.  23  the  end  point  with  potassium  chromate  was  dis- 
tinguishable only  at  5.8  cc;  in  Expt.  24,  4.7  cc;  Expt.  37,  4 
cc. ;  and  E.xpt.  39,  3.6  by  the  same  method. 

The  values  in  Column  5  are  calculated  for  pure  salt  in  dis- 
tilled water.    Where  faucet  water  was  used  for  volumes 


Use  of  Glue  in  Paper  Coating 

The  Bureau  of  Standards  is  conducting  some  experiments  on 
the  use  of  glue  in  coating  paper.  During  the  past  month  nine 
runs  have  been  made  on  the  experimental  coating  machine,  using 
two  makes  of  bone  glue  for  eight  of  the  runs  and  a  French  casein 
glue  for  one.  The  clay  used  for  all  runs  was  Lee  Aloor,  a  good 
grade  of  English  coating  clay.  The  results  indicate  that  the 
water  resistance  of  glue-bound  coating  containing  chrome  alum 
compares  favorably  with  that  of  casein-bound  paper  containing 
no  formaldehyde.  It  is  believed  that  the  degree  of  waterproof- 
ness  will  prove  sufficient  for  most  of  the  papers  used  for  halftone 
printing.  Difficulties  have  been  experienced  in  obtaining  a 
uniform  coating,  because  of  variation  of  the  fluidity  of  the  coating 
mixture  and  mechanical  defects  in  the  machine,  so  that  additional 
work  will  be  necessary  before  paper  suitable  for  printing  test 
can  be  produced. 


The  sum  of  $1500  has  been  placed  at  the  disposal  of  the  Col- 
lege of  Agriculture  of  the  University  of  Wisconsin  by  the  Sewer- 
age Commission  of  the  City  of  Milwaukee  for  the  establishment 
of  a  fellowship  to  study  the  best  methods  of  using  activated 
sludge  as  a  fertilizer.  This  material  is  prepared  in  large  quan- 
tities as  a  by-product  in  the  disposal  of  Milwatikee  sewerage. 
O.  J.  Noer  has  been  appointed  to  the  fellowship,  which  will  be 
under  the  jurisdiction  of  the  soils  department. 


November,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


1121 


Fabric  Stresses  in  Pneumatic  Tires' 

By  H.  F.  Schippel 

Ames  Holden  Tire  &  Rubber  Co.,  Ltd.,  Kitchener,  Ont. 


It  has  been  claimed  more  than  once  that  tire  designing  can  never 
become  an  exact  science.  No  two  tires  have  the  same  career  of  ser- 
vice. To  estimate  with  any  degree  of  precision  the  life  history  of 
a  tire  would  be  quite  impossible.  The  tire  engineer  would  cer- 
tainly find  it  much  easier  to  give  anathematical  rather  than  mathe- 
matical expression  to  the  effect  upon  a  tire  of  every  obstruction  en- 
countered on  the  road.  Experience  teaches  most  of  them  that  too 
often  science  and  the  tire  part  company  forever  at  the  precise  instant 
that  the  tire  falls  into  the  hands  of  the  ultimate  consumer. 

But  to  say  that  tires  cannot  be  built  upon  sound  scientific  prin- 
ciples and  the  various  parts  balanced  according  to  exact  engineering 
calculation  would  be  to  disparage  the  growth  of  a  tire  science  that 
is  already  in  the  embryonic  stage.  The  chemist,  physicist,  and 
engineer,  each  has  his  contribution  to  maize  to  this  science.  The 
chemist  has  done,  and  is  still  doing  his  part,  and  is  contributing  his 


work,  to  the  chemical  literature.  But  of  the  intricate  work  of  the 
physicist  and  the  engineer  we  hear  deplorably  little.  Their  work 
is  embodied  in  the  finished  tire  that  leaves  the  factory.  The  many 
indications  of  astute  scientific  application  in  these  tires  attest  the 
progress  that  is  being  made.  Whether  the  result  is  achieved  by  the 
process  of  experiment  or  by  mathematical  calculation  is  not  often 
clear.  But  there  is  no  doubt  that  the  latter  method  would  often  shorten 
the  toil  and  expense  of  the  former,  by  eliminating  unnecessary  and 
condensing  the  necessary  experiment,  and  thereby  accelerating  the 
conclusion. 

It  is  with  the  foregoing  thoughts  in  mind  that  the  writer  presents 
this  mathematical  analysis  of  fabric  stresses  in  pneumatic  tire  car- 
casses, and  while  it  covers  but  a  small  part  of  the  field  of  tire  design, 
it  is  hoped  that  opportunity  will  occur  in  the  future  to  offer  similar 
analyses  of  other  complex  problems  that  confront  the  tire  designer. 


THE  definite  commensurable  stresses  to  which  the  fabric 
of  a  tire  carcass  is  subjected  are  the  following,  which 
will  be  caOed  static  or  dynamic  according  as  they  oc- 
cur when  the  car  is  at  rest  or  in  motion:  Static — (1)  stresses 
due  to  inflation  pressure,  (2)  stresses  due  to  deflection  under 
load;  DjTiamic — (3)  traction  and  braking  stresses,  (4)  cen- 
trifugal stresses. 

There  are,  in  addition,  those  indeterminate  stresses  due  to 
road  shocks.  Their  magnitude  cannot  easily  be  calculated, 
and  the  tire  must  be  more  or  less  safeguarded  against  them  by 
an  adequate  factor  of  safety.  But  a  liberal  factor  of  safety 
can  never  successfully  conceal  an  ignorance  of  the  fundamen- 
tals of  tire  design.  The  reason  is  simple.  The  tire  may  suc- 
cessfully withstand  the  severe  shocks  which  usually  occur  only 
a  relatively  small  number  of  times,  but  there  is  a  great  danger 
that  it  may  eventually  be  destroyed  by  the  insidious  action 
of  an  oft-repeated  minor  stress  caused  through  faulty  design. 

Stkesses  Due  to  Inflation  Pressure 

A  tire  carcass  is  essentially  a  cylindrical  vessel  contaming  air 
under  pressure.  There  are  two  prmcipal  stresses  in  an  in- 
flated hollow  cylinder  made  of  thin  homogeneous  material — 
the  transverse  stress,  and  the  longitudinal  stress. 

Let     P  =  internal  air  pressure 

Dt  =  internal  diameter 
Then  the  transverse  stress  St''  per  inch  of  axial  length 
PDt 
=  •"!"  (1) 

and  the  longitudinal  stress  5/,  per  inch  of  transverse  periphery 

PDt 

=    ^~  (2) 

The  transverse  is  the  major  stress,  and  is  double  the  longi- 
tudinal stress. 

But  in  the  tire  these  sunple  stress  equations  are  complicated 
by  five  considerations;  (1)  elliptical  transverse  section  of 
the  inflated  tire,  (2)  inflation  stress  in  the  tube,  (3)  toroidal 
shape  of  the  tu-e,  (4)  fibrous  grain  of  the  carcass,  and  (5)  car- 
cass tliickness.    All  these   factors  vary  with  each  different 

>  ReceiYcd  July  26,  1923. 

*  Burr,  "Elasticity  and  Resistance  of  Materials  of  Engineering,"    1916, 
p.  197. 


size  of  tire,  and  the  true  value  of  fabric  stress  can  be  ob- 
tained only  by  calculating  the  effect  of  each  factor. 

1 — The  cross-sectional  shape  of  an  inflated  tire  is  usually 
elliptical,  the  major  axis  ha\dng  a  direction  parallel  to  the  axis 
about  which  the  tire  revolves.  This  ellipticity  is  a  function 
of  the  principal  diameter  of  the  tire  and  of  the  angle  at  wliich 
the  fabric  threads  lie  in  the  carcass.  Its  effect  is  to  decrease 
the  transverse  fabric  stress  in  the  same  way  that  a  flattening 
of  the  ideal  hoUow  cylinder  would  diminish  the  transverse 
stress  <Sr.  The  effective  diameter  Dt  of  the  cylinder  for  the 
purpose  of  transverse  stress  calculation  becomes  the  minor 
axis  of  the  elliptical  section. 

2 — The  actual  pressure  per  unit  area  acting  upon  the  inside 
of  the  carcass  is  less  than  the  inflation  pressure  by  the  amount 
of  pressure  necessary  to  inflate  the  tube  to  fit  the  inner  walls  of 
the  carcass. 

Let  Pt  =  the  pressure  necessary  to  inflate  the  tube 

Then  the  pressure  acting  upon  the  carcass  =  P  —Pt         (3) 

The  value  of  Pt  may  be  approximated  by    testing  a  tube 

already  manufactured,   or  may  be  derived  mathematically  as 

follows : 

Let  Lc  =  internal    cross-sectional    perimeter    of    the    surface 
of  the  inflated  tire  against  which  the  tube  must  bear 
Lt  =  cross-sectional  perimeter  of  the  outer  surface  of  the 
noninflated  tube 
t  =  tube  thickness 
m  =  average  elastic  modulus  of  tube  stock  up  to  the  strain 
of  normal  inflation 
Then   the   strain   per  unit   of   transverse   perimeter  of   tube 

and  the  stress  per  unit  of  circumferential  length  of  tube 

and  the  tube  inflation  pressure  Pt 

=   -JL  „,i  (Lc-Lt\ 
Lq         \     Lt     ) 

=   In:  ml  (h^Z^\     (See  appendix)    (4) 

3 — The  toroidal  shape  of  the  tire  presents  another  com- 
plexity. 

The  longitudinal  stress  Sl  remains  unchanged  (Equation  2), 
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but  the  transverse  stress  St  becomes 
DtDr(P-Pt) 


(5) 


2iDB  +  Dt) 

for  the  synclastic  part  of  the  tire  under  the  center  of  the  tread, 
where  Db  =  the  principal  diameter  of  tire  to  the  sectional  major 
axis,  or  in  general 

^^  -  2(Dn  +  2H)  (6) 

for  any  point  on  the  carcass  distant  H  from  the  sectional  major 
axis,  positive  in  the  direction  of  the  tread,  and  negative  in  the 
direction  of  the  bead.'  This  effect  diminishes  the  fabric  stresses 
toward  the  tread  region. 

4 — The  fibrous  grain  of  the  carcass  has  a  most  important 
bearing  upon  the  fabric  stress  values.  The  tire  carcass  is 
made  of  bias-laid  fabric,  through  which  the  transverse  and 
longitudinal  stresses  transmit  interfermg  components. 

To  obtain  the  component  along  the  fabric  threads  at  any  point 
on  the  carcass  of  the  transverse  stress  St,  consider  a  unit  length 
A  C  (Figs.  1  and  2)  of  the  carcass  parallel  to  the  longitudinal  axis. 
The  force  acting  perpendicularly  on  this  unit  length  ^C  is  the 
transverse  stress  St- 

Let  F  =  the   integral   of   the   reacting  force   in   the   threads 
crossing  AC  m  each  direction,  respectively 
e  =  the  angle  between  the  threads  and  the  line  A  C 
N  =  number  of  plies  of  square-woven  fabric,  or  pairs  of 

plies  cord  fabric;  then 
St  =  2FN  sin  6  (7) 

°''   ^=  2N  sL  e 
Substituting  the  value  of  St  from  Equation  6 
DtDr(P-Pt) 


F   = 


(8) 


■iN{DK  +  2H)  sin  9 

But  the  force  F  acts  over  a  width  of  fabric  CD,  measured  per- 
pendicularly to  the  direction  of  the  threads,  so  that  the  force  F\ 
per  unit  width  of  fabric  becomes 

AC  AC 

Fi  =    F  -7^    =  F 


CD 


A  C  sin  9 
DtDr(P-Pt) 


(9) 


~  sin  9   ~   iN(DB  +  2H)  sin  ^9 

It  is  now  necessary  to  consider  the  distortion  of  the  fabric 
to  conform  to  the  curvature  of  the  carcass.  When  the  fabric 
sufifers  an  angular  distortion,  the  number  of  threads  per  unit 
distance  measured  perpendicularly  to  their  direction  is  in- 
creased or  decreased  according  to  the  angle  at  which  the  fabric 
was  originally  cut,  and  the  deformation  received  in  building 
the  carcass. 

Let  B  =  angle  between  cutting  line  and  fabric  selvage 

Considering  the  distortion  of  a  parallelogram,  whose  sides 
are  parallel  to  the  two  thread  directions,  respectively. 

Let  the  larger  undistorted  internal  angle  =  2B,  and  the  cor- 
responding distorted  angle  =  29 

Then  the  ratio  of  the  thread  densities, 


Distorted  density   _   sin  2(90 -B) 
Original  density     ~   sin  2(90  —  9) 


sin2g 
sin  29 


(10) 


and  the  fabric  stress  per  unit  width  of  original  fabric  is  the  inverse 
of  this  ratio.  Therefore,  the  stress  Fi  per  unit  original  width  of 
fabric 

_       (P-Pt)DtDr  sin  29 

^''  ~  4:N(DR+2H)sm-e  ^  sin2S  ^^^■' 

This  equation  can  be  simplified  for  the  purpose  of  calculating 
the  stress  in  any  specific  instance  by  expressing  the  angle  9  in 
terms  of  the  angle  B  and  fabric  stretch. 

Let  5  =  ratio  of  stretched  to  unstretched  length  of  the  fabric 
at  the  extreme  ply  diameter ;  then  it  can  be  proved 
that 


5  cos  B 


(See  appendix) 


Equation  11  enables  us  to  calculate  the  average  value  per 
ply  of  the  component  of  transverse  stress  St  acting  along 
the  chrection  of  the  fabric  threads  in  the  zone  AC.  This 
component  Fi  acts  in  such  a  way  as  to  shorten  the  circum- 
ferential length  of  the  tire  and  shrink  it  on  the  rim,  thereby 
producing  the  characteristic  elliptical  cross-sectional  shape  of 
the  tire,  and  reheving  the  bead  of  no  inconsiderable  amount  of 
stress.  It  is  to  be  noted  that  as  the  zone  under  consideration 
approaches  the  tread  region  of  the  tire,  H  increases  and  9 
decreases,  so  that  the  variations  of  these  two  coefficients  pro- 
duce opposite  effects,  but  that  due  to  the  variation  of  fabric 
angle  is  by  far  the  greater. 


•  Poynting  and  Thomson,  "Textbook  of  Physics.     Properties  of  Mat- 
ter," 1909,  p.  143. 


Fig.  2 

It  is  interesting  to  observe  the  combined  effect  of  the  angle 
B  and  stretch  S,  as  shown  by  the  curves  in  Fig.  3A.  These 
curves  refer  to  the  maximum  fabric  stress,  which  occurs  on  the 
inner  ply  underneath  the  center  of  the  tread. 

At  this  point  Dt  =  2H,  so  that  cos  9  =  5  cos  B. 

One  is  impressed  by  the  apparently  large  range  of  choice  of 
fabric  stress.  Were  inflation  stress  the  sole  consideration, 
one  would  naturally  choose  as  low  a  value  as  would  be  con- 
sistent with  high  manufacturing  efficiency.  But  consider- 
ation must  also  be  given  to  other  stresses  to  which  the  carcass 
is  subjected,  which  are  also  a  function  of  the  bias  angle  and 
fabric  stretch.    These  stresses  wiU  be  determined  later. 

By  a  process  similar  to  that  by  wliich  Equation  9  was  de- 
rived, and  elaborating  upon  the  simple  Equation  2,  it  can  be 
shown  that  the  component  Fs  of  the  longitudinal  stress  Si, 
acting  along  the  fabric  threads  is 

'.=  !^^"-— ti  ('3) 

(See  appendix) 
where    a  =  major  axis  of  cross-sectional  ellipse 

The  longitudinal  component  opposes  the  transverse  com- 
ponent, and  being  the  smaller  force,  its  sole  effect  is  to  reduce 
the  intensity  of  the  contracting  force  of  the  tire  on  the  rim. 
It  does  not  reduce  the  fabric  stress. 

By  equating  the  longitudinal  to  the  transverse  stress  and 
solving  for  the  angle  9,  it  wiU  be  found  that  the  fabric  angle,  for 
which  there  is  no  resultant  contractive  force  of  the  tire  on  the 
rim,  approximates  very  closely  to  the  angle  54.7  degrees, 
which  is  the  "angle  of  repose"  for  the  ideal  right  circular 
cylindrical  vessel.  For  this  fabric  angle  the  inflated  carcass 
would  have  a  circular,  not  an  elliptical,  cross  section.  On 
account  of  the  toroidal  shape  of  the  tire,  the  fabric  angle  is 
not  uniform,  but  varies  from  tread  to  bead,  so  that  the  average 
fabric  angle  should  equal  the  "angle  of  repose." 

5 — In  deriving  the  foregoing  equations  of  plj'  stresses  in  a 
tire  carcass,  we  have  considered  the  tire  as  an  ideally  thin 
vessel,  and  the  stresses  equally  di^-ided  among  all  the  pUes. 
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A  tire  carcass,  however,  has  a  considerable  thickness  as  com- 
pared with  its  other  dimensions,  and  tliis  thickness  causes 
an  unequal  distribution  of  the  inflation  stress  throughout 
the  carcass. 

Let  E  =  cross-sectional   ellipse  perimeter  at  median  line   of 
noninflated  carcass 
dE  =  increase  of  E  due  to  inflation 
T  =  thickness  of  one  square-woven  ply.  or  of  one  pair  of 
cord  plies 
Then,  because  all  the  plies  are  bound  together  by  the  rubber 
skim  coats, 

the  transverse  elongation  of  all  plies  =  dE 
the  unstrained  length  of  first  or 

inner  ply  =  E  —  -irT(N—l) 

that  of  the  second  ply  =  E-TrT{N-3) 

that  of  the  third  ply  =  E-wT(N-5) 

that  of  the  Xth  ply  =  E—irT[N-{2X-l)] 

Therefore,   the  strain  per  unit  transverse    length  of  first  ply 

dE  ,     , 

(14) 


that  of  the  second  ply 


that  of  the  Xth  ply 


rr(iV-l) 
dE 


rT{N-3) 

dE 


(15) 


(16) 


"  E-wT[N  -  (2A'-1)] 

Let  M  =  average  elastic  modulus  of  the  fabric  up  to  strain  dE 
Then  the  transverse  ply  stress 

=  JW .  transverse  ply  strain 
the  transverse  stress  on  the  first  ply 
M.dE 


that  on  the  Xth  ply    = 


E~7rT(N-l) 
M.dE 


(17) 
(18) 


E-TrT[N-{2X-l)\ 

To  obtain  the  fabric  stress  per  unit  width  of  fabric,  it  is  only 
necessary  to  multiply  the  right-hand  sides  of  these  equations 

1  sin  29,       ^,    ^ 

by  .,   .    ,„   X     ■     OP  5°  that 
•^   2  sm  -0        sm  2B 

fabric  stress  in  the  first  ply 


M.dE 
=     E-TrT{N-l) 
and  that  in  the  Xth  ply 
M.dE 


sin  20 

sin  2B 


'J  sin  -tj 


(19) 


(20) 


E-irT  [N-  {2X  -  1)]  '^  2sin2e    ^  sin2B 

For  the  small  values  of  A''  such  as  occur  in  tires,  the  stress 
equations  for  the  consecutive  plies  may  be  taken  as  an  arithmetic 
series,  having  an  average  value  of 

M.dE    ,  1         ^   sin  29 

—^    X   .-,   .    ■„    X     .  (21) 

E  2sm20         sm  2B  ^     ' 

Equating  this  to  the  average  fabric  stress  as  derived  in  Equation 
11, 

DtDr(P-Pt)  sin  29  _  M.dE  1 

iN  (Dr  +  2H)  sin  29  sin  25   ~       E  2  sin  =9 

and  transposing 


M.dE  = 


DtDeE(P-Pt) 


(22) 


2N(Dr  +  2H) 

Substituting  this  value  of  M.dE  in  Equation  20,  we  obtain  the 
general  expression  for  fabric  stress  Fp  in  the  Xth  ply  of 

DtDr  (P-Pt) 


2N{Dr  +  2H)    ^  E-tT  [N 


X 


-(2X- 
X 


1)] 


sin  20 
X  ,ir^    (23) 


This  is  a  complete  expression  for  ply  stress  involving  the 
five  tire  comple;dties  of  elliptical  transverse  section,  tube 
inflation,  toroidal  shape,  fibrous  grain,  and  carcass  thickness. 

To  check  the  accuracy  of  this  stress  equation,  and  to  illus- 
trate its  application  to  a  definite  tire,  let  us  calculate  the 
internal  bursting  pressure  of  a  33  x  4  straight-side  cord  tire, 
and  compare  with  the  pressure  obtained  by  actual  test.     The 


point  of  maximum  fabric  stress  occurs  at  the  inner  ply,  under- 
neath the  center  of  the  tread. 

P    =  60  pounds  per  square  inch  =  normal  inflation  pressure 
Pt  =  4  pounds  per  square  inch  =  pressure  to  inflate  tube 
Dt  =  3.92  inches    =    minor  axis  of  cross-sectional  ellipse  at 

median  line  of  normally  inflated  carcass 
Dr  =  29.56  inches  =  principal  diameter  of  tire,  to  major  axis  of 

inflated  cross-sectional  ellipse 
E    =11.7  inches  =  cross-sectional  ellipse  perimeter  at  median 

line  of  noninflated  carcass 
iV   =  3  =  number  of  pairs  of  cord  plies 

H  —  1.96  inch  =  distance  from   the   sectional  major  axis  of 
the  point,  on  the  carcass  median  line,  at  which  the  stress 
is  to  be  calculated 
T  =  0.090  inch  =  thickness  of  one  pair  of  cord  plies 
X  =  1  =  the  number  of  the  double  ply  for  which  the  stress  is 
to  be  calculated,  counting  outward  from  the  inner  pair 
of  plies 
9  =  33.5  degrees  =  angle  between  the  cords  and  a  line  parallel 

to  the  longitudinal  tire  axis 
B  =  45  degrees  =  angle  of  bias  cut 

Then  the  maximum  fabric  stress  Fp  = 
3.92  X  29.56(60-4)    „  H.7 


2  X  3(29.56  +  3.92)         11.7-3.1416  X  0.090(3-1) 

2  X  0.551'         0.920 
^  1  ^    1.00 

=  32.3  X  1.051  X  1.649  X  0.92 

=  51-5  pounds  per  inch  width 
The  fabric  strength  per  inch  =   18.0  pounds  per  cord  X  23  cords 

=  414  pounds 

414 
Therefore,   bursting   pressure     =     ^r-r  X  56  =  451  pounds  per 

square  inch 

A  correction  must  here  be  made  to  allow  for  the  increased 
fabric  stretch  from  normal  inflation  to  bursting  inflation. 
Fabric  stretch  at  60  pounds  inflation  =     6.3  per  cent 
Fabric  stretch  at  failure  =  18.0  per  cent 


Fig.  3 

This  increased  stretch  increases  the  minor  axis  Dt,   and 

reduces  the  bursting  pressure. 

1.063 
True  bursting  pressure   =   451    X    TTgn  =   406  pounds  per 

square  inch. 
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By  actual  hydraulic  test,  the  biursting  pressure  was  388 
pounds  per  square  inch. 

It  may  readily  be  calculated  that  the  maximum  fabric 
stress  on  the  second  pair  of  plies  is  49.1  pounds  per  inch 
width,  and  on  the  third  pair  of  plies,  46.7  pounds  per  inch 
width. 


B/as  Ang/t 


It  win  be  interesting  to  calculate  the  pressure  gradient  in  the 
tire  carcass.  The  air  presses  against  the  inner  ply  with  a 
force  of  60  pounds  per  square  inch,  less  the  tube  inflation  pres- 
sure of  4  pounds  per  square  inch.  On  the  outside  of  the  car- 
cass there  is  no  pressure.  The  share  of  the  inflation  pressure 
that  each  pair  of  plies  carries,  is 

where   S^  =  fabric  stress 

R  =  transverse  radius  of  curvature  of  each  pair  of  plies 
K  =  a  constant 


Therefore,  the  inflation  pressure  (60- 
2  X  51.5 


4) 


-0.09 


2  X  46.': 
3.92  _L  ,.  r 


=  K  (55.1  -t-  50.1  +  45.6) 

so  that  K  =  0.371,  and  the  share  of  the  inflation  pressure  carried 
by  the  first  pair  of  plies 

=  0.371  X  55.1  =  20.5  pounds  per  square  inch 
and  by  the  second  pair  of  plies 

=  0.371  X  50.1  =  18.6  pounds  per  square  inch 
and  by  the  third  pair  of  plies 

=  0.371  X  45.6  =  16.9  pounds  per  square  inch 
Therefore,  the  pressure  of  the  first  pair  of  plies  against  the  second 
pair  =  56  —  20.5  =  35.5  pounds  per  square  inch 

and  that  of  the  second  against  the  third 

=  35.5  —  18.6  =  16.9  pounds  per  square  inch 

It  is  tliis  pressure  upon  the  carcass  fabric  that  causes  part 
of  the  frictional  loss  of  power  which  accompanies  flexure  of 
the  carcass  in  ser\dce. 

Stresses  Due  to  Deflection  under  Load 

We  are  interested  here  not  so  much  in  the  effect  of  the  load 
upon  the  fabric  stresses,  as  in  the  effect  of  the  tire  deflection 
due  to  the  load,  because  the  load  itself  does  not  produce  any 


direct  stresses  in  the  carcass  plies.  Its  effect  is  to  alter  the 
distribution  of  the  fabric  stresses  already  set  up  by  the  infla- 
tion pressure.  It  has  already  been  shoT^n  that  the  fabric 
stress  is  proportional  to  the  minor  axis  of  the  tire  cross  section. 
When  the  tiro  flattens  due  to  an  appUed  load  this  minor  axis 
decreases,  and  the  action  relieves  the  deflected  part  of  the 
carcass  of  some  of  the  inflation  stress.  This  stress  relief  is  not 
equal  to  the  load  on  the  tire.  It  is  the  compressed  air  that 
sustains  the  load,  and  the  stress  relief  in  the  fabric  of  the  side 
walls  is  only  a  secondary  effect.  It  can  be  proved  that  the 
ratio  of  load  to  stress  relief  is  -k  (see  appendix). 

When  a  tire  carcass  is  inflated  all  the  fabric  phes  are  sub- 
jected to  tensile  stress.  There  are  no  compressive  stresses 
in  the  ply  planes.  Cotton  fabric  has  a  high  and  variable 
tensile  modulus  of  elasticity,  but  a  low  compressive  modulus. 
The  result  is  that  when  the  inflated  carcass  is  flexed,  the  neu- 
tral line  shifts  from  the  median  line  of  the  carcass  toward  the 
region  of  increased  tensile  stress.  This  sliifting  of  the  neutral 
line  causes  a  considerably  greater  reduction  of  tensUe  stress  in 
the  plies  on  the  other  side  of  the  carcass  than  would  occur  in  a 
material  whose  elastic  properties  obej-ed  Hooke's  law.  As 
the  flexure  increases  the  tensile  stresses  in  these  phes  drop 
rapidly,  and  in  cases  of  overloading,  and,  more  particularly, 
underinflation,  the  tensile  stress  may  completely  vanish  and 
the  fabric  begin  to  buckle.  The  experienced  tire  designer 
knows  the  danger  of  this  condition,  and  protects  the  carcass 
agamst  it  by  molding  the  tire  carcass  mth  such  transverse 
curvatures  as  will  cause  minimum  flexiire  under  operating 
conditions. 

The  foregoing  statements  indicate  in  a  general  way  the 
nature  of  the  stress  disturbance  due  to  flexure.  In  order  that 
the  designer  may  determine  where  the  danger  hes  and  to  what 
extent  he  must  protect  the  tire  carcass  against  it,  he  must  be 
able  to  determine  mathematically  the  true  extent  of  the  dis- 
turbance. 

Stress  Cycles — Fig.  3  shows  the  cross  section  of  a  tire  on  a 
rim,  with  the  approximate  location  of  the  neutral  axis  of 
flexure  of  the  carcass  under  inflation  and  load,  showTi  by 
the  dotted  line.  There  are  tliree  different  regions  of  tension, 
and  three  of  compression — namely,  at  the  tread,  side  wall,  and 
bead.  Figs.  4  to  9  represent  rouglJy  the  cycles  of  strain  to 
which  the  carcass  in  these  tlu-ee  regions  is  subjected  as  the  tire 
roUs  along  the  road.  "Normal  fabric  job"  means  the  stress 
due  to  inflation  pressure  alone.  In  the  tread  region  of  the 
carcass  the  inner  ply  stress  is  never  less  than  the  normal 
fabric  job,  but  increases  as  the  deformation  due  to  the  load 
stretches  the  fabric  on  the  inside.     Fig.  4  shows  the  stress 


Figs 


Fig,  8 


8£AD  OaT^ID£ 


Fig? 


Fig   9 


cj'cle  to  which  this  part  of  the  carcass  is  subjected.  On  the 
outside  the  condition  is  different.  The  normal  fabric  job  is 
the  maximum  tension  sustained  by  the  outer  phes,  so  that  the 
fabric  stresses  and  strains  decrease  upon  carcass  deformation, 
as  showai  by  Fig.  5.  Figs  6  and  7  show  the  conditions  at  the 
side  walls,  and  Figs.  8  and  9  at  the  bead.    A  carcass  under 
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normal  operating  conditions  does  not  faU  by  the  action  of  any 
tensile  stress  so  that  failures  in  the  regions  indicated  by  Figs. 
4,  7,  and  8  are  practically  unknown.  But  the  parts  of  the 
carcass  in  the  compression  regions  on  the  inside  of  the  side 
wall  and  the  outside  of  the  bead  are  more  sensitive  to  abuse 
by  the  careless  motorist.  For  a  tire  under  normal  inflation 
and  normal  loading,  the  amplitude  of  the  stress  cycles  at  these 
points  is  not  great  enough  to  extend  into  the  compressive 
state.  But  underinflation  or  overloading  upsets  this  nice 
balance.  Underinflation  alone  moves  all  the  curves  down- 
ward into  the  trouble  zone,  because  the  normal  fabric  job  is 
decreased,  and  the  increased  deflection  of  the  carcass  makes 
their  amplitude  greater.  Overloading  without  underinfla- 
tion increases  the  amplitude  of  the  stress  cycles,  but  does  not 


affect  the  normal  fabric  job,  so  that,  for  abnormal  tire  de- 
flections, the  stress  conditions  in  the  fabric  are  probably  less 
injurious  with  overloading  as  the  cause  than  with  underin- 
flation. 

Critical  Cakcass  Curvature — When  a  tire  is  flexed  by  a 
load,  the  minimum  radius  of  curvature  of  the  carcass  cross 
section  usually  occurs  at  the  lower  side  wall,  not  far  from  the 
edge  of  the  tread.  It  is  at  this  point  where  the  carcass  first 
develops  critical  curvature,  or  curvature  for  which  there  is 
no  stress  on  the  inner  ply.  Beyond  this  curvature  the  fabric 
buckles.  Fig.  10  represents  this  part  of  the  uninflated  cross 
section  of  a  tire. 

Let      r  =  internal  radius  of  the  unstressed  carcass 

Ri  =  radius  to  center  of  outer  ply  of  unstressed  carcass 
i?2  =  radius  to  center  of  inner  ply  of  unstressed  carcass 
T  =  ply  thickness 
N  —  number  of  plies 
Theni?,  =  r  +  T  (TV-Va)  (24) 

■R2  =  r  -I-  I  (25) 

Let     Fi  =  average  inflation  stress  per  ply  per  unit  width 

This  stress  is  obtained  from  Equation  9  by  substituting  for 
Dt  a  new  value  of  Dr  decreased  by  the  amount  of  the  tire 
deflection  due  to  the  load.  This  load  should  be  taken  as  the 
maximum  load  to  which  the  tire  may  be  frequently  subjected. 
Its  value  may  be  taken  in  any  specific  instance  as  equal  to 
twice  normal  load.  This  wiU  cover  the  usual  abnormal  tire 
deflections  due  to  overloading,  vertical  bounding,  and  the 
effect  of  centrifugal  force  on  the  car  when  turning. 

Then  the  total  carcass  stress  per  unit  width  due  to  inflation 
=  NFi  (26) 

Now,  suppose  the  part  of  the  carcass  under  consideration  to 
be  deflected  to  the  critical  curvature,  so  that  there  is  no  stress 
on  a  certain  sector  of  the  inner  plj',  and  all  the  stress  due  to 
inflation  is  sustained  at  that  point  by  the  outer  plies.  The 
strain  values  in  the  consecutive  plies  must  always  form  an 
arithmetical  series.  The  effect  of  shearing  strains  is  not  con- 
sidered in  this  analysis. 

Let  Fig.  11  represent  the  elasticity  curve  for  the  fabric,  and 
XetAB,  AC,  AD,a.nA  AE  represent  the  strains  in  consecutive  plies, 
for  the  critical  condition  of  no  strain  in  the  first  (or  inner  ply)  of 
the  carcass.     Then  BF,  CG,  DH,  and  EK  represent  the  respective 


stresses  in  these  plies.     With  constant  inilation,  the  total  carcass 
stress  NFi  must  always  be  equal  to 

BF  +  CG  +  DH  +  EK  (27) 

Since  the  fabric  stress  does  not  bear  any  simple  relation  to 
the  fabric  strain,  it  is  necessary  to  determine  the  ply  stresses 
by  this  graphical  method. 

Let  Ea  =  elongation  AE  oi  the  outer  ply 

Rz  =  imaginary  value  of  radius  Ri  corresponding  to  stress 
EK  per  ply,  for  the  unflexed  carcass 

Fig.  12  represents  the  tire  carcass  flexed  to  critical  internal 
radius  of  curvature  Re. 


(28) 
(29) 

(30) 


Now  i?3  =  i?l  (1  -I-  £0) 

Ri  =  Ri-T{N-\) 
Rb  _  R3 
Ri  '  R2 

RjR, 
Ri 

and  substituting  the  value  of  Rz  from  Equation  28  and  of  R2  from 
Equation  25 

RAR^  a  +  £0) 


Transposing, 


Ri  = 


^6    = 


r+  i 


Substituting  this  value  of  Ri,  in  Equation  29 

Ri  =  ^^'(1  +  ^°)  _  T(N-l) 

'  +  -2 
and  substituting  the  value  of  Ri  from  Equation  24 

Ri  =  Rid  +  £0)  p+  y'W-DH       j^(^_i) 

Lg  through  by  Rt 

fr  +  r(A'-l)"l 
1  =  (1+  £0)     j^ 


(31) 


(32) 


(33) 


Dividing  through  by  £4 


T(N-l) 


Ri 


Therefore,  7^(^-1) 
£4 


+  £„)[r+  T(N-l)]  -('■+?) 


r  + 


Ri  = 


T{N-l) 


i'-l) 


(1  +  £„)  [r+  TiN-D]  -   ('■  +  1) 

T 
and  the  critical  radius  £1  =  £4  —    9 

r(iV-l)(r  +  I) 


£. 


(1  +  Eo)[r+  T{N-1)]- 


(-9 


(34) 


(35) 


F 

g.M 

K 

/ 

/ 

c 

^^ 

F___-— ""'^ 

_ 1 

The  less  the  value  of  Re,  the  greater  will  be  the  safety  for 
the  carcass.  Obviously,  its  value  for  any  tire  should  be  less 
than  the  internal  radius  of  the  carcass  under  the  extreme  de- 
flection. 
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Carcass  Shearing  Strains — If  the  calculation  of  critical 
curvature  by  Equation  35  yields  a  value  below  any  carcass 
radius  to  which  the  tire  would  be  frequently  subjected,  it 
is  not  necessary  to  consider  the  modifying  effect  of  skim-coat 
shears.  Carcass  shear  diminishes  the  value  of  critical  radius 
by  allowing  the  fabric  to  move  away  from  the  zone  of  com- 
pression. 


v.vs  '¥■■■  - — 1_ 


CT 


TD 


A 


fJ' 


A 


"^ 


Q 


T) 


T) 


A 


TOTAL  FULL  ZSO 


Let  F,  =  maximum  shear  force  between  any  two  plies' 

Fi  =  shear  force  at  point  distant  X  from  maximum  shear 

point 
e    =  base  of  natural  logarithms 
Then  F.  =  F.e''  (40) 

The  rate  of  change*  of  the  shear  force  F^ 

The  total'  shear  force  W,  or  X,  or  Y,  or  Z 

=  2  CfJx  =  2  \  F.e-'dx  =  2  Fl-F.e-'^j'' 

=  2F,  (42) 

Therefore,  the  ma.ximum  intensity  of  shear  force  is  equal  in 
value  to  one-half  the  total  shear  force,  and  its  location  is  at  the 
edge  of  the  zone  of  Re,  the  point  of  maximum  rate  of  change  of 
carcass  curvature.  Its  value  is  not  a  function  of  the  skim- 
coat  tliickness. 

It  is  now  necessary  to  determine  the  amount  of  interference 
of  the  shear  stresses  with  the  critical  radius  of  carcass  curva- 
ture at  the  center  of  the  zone  of  Re- 

Considering  the  carcass  as  a  whole,  the  total  of  all  the  shear 
forces  at  the  edge  of  the  zone  of  R^ 


W  +  X  +  Y  +  Z 


(43) 


A 
A 


Individually,    they    die    away    logarithmically,    so    therefore 
collectively  they  do  the  same.     Thus,  their  imaginary  collective 


A 
/^ 


value  F^  at  the  center  of  the  zone  of  R^  where  X  =  ^[Rc  ■] — ^    ) 
f/  NT\ 


is  equal  to 


W  +  X  +  Y  +  Z 


TOTAL  PULL  250  whcrc  0  =  angle  subtended  by  zone  of  Re 


(44) 


Let  Fig.  13  represent  the  developed  transverse  cross  section  of  a 
tire  in  the  region  of  critical  curvature  R^.  Let  A,  B,  C,  D,  and  E 
represent  the  carcass  plies  separated  by  the  rubber  skim  coats 
F,  C,  H,  and  /,  respectively.  Equation  23  enables  us  to  calculate 
the  fabric  stress  in  each  ply  of  the  unflexed  carcass.     For  the  pur- 

1  ^   sin  26 

pose  of  this  shear  analysis,  the  term  ^ — : — ^  X  -; — tTo  must  be 
^  ■'  z  sm  -y         sm  Id 

omitted  in  order  to  obtain  the  ply  stress  parallel  to  the  plane 
of  the  tire  cross  section,  and  not  in  the  direction  of  the  threads. 
It  is  assumed  that  these  ply  stresses  per  unit  of  tire  circumference 
at  the  center  of  the  zone  of  R^  have  been  calculated  and  found  to 
be  K,  L,  M,  N,  and  P,  respectively.  Now  let  a  portion  of  the 
carcass  cross  section  be  flexed  to  critical  radius  R^.  Then  the 
stress  P  on  the  inner  ply  becomes  zero  at  the  center  of  the  zone  of 
Re,  so  that  the  stresses  R,  S,  T,  and  V  in  the  remaining  plies 
must  be  equal  in  total  value  toK  +  L  +  M+N+F  (see 
Equation  27).  In  Ply  A  there  is  a  change  of  stress  of  R—K, 
acting  away  from  the  center  of  the  zone  of  i?,. 

In  Ply  B,  the  change  of  stress  is  5  —  L 
Ply  C,  the  change  of  stress  is  7"  —  JW 
Ply  D,  the  change  of  stress  is  F  —  JV 
Ply  E,  the  change  of  stress  is       —  P 
These  changes  in  ply  stresses  are  produced  by  the  components 
of  the  skim-coat  shear  stresses  resolved  along  the  planes  of  the 
fabric  plies,     so  that  the  total  shear  stress  W  in  the  skim  coat 
between  Plies  A  and  B  measured  in  either  direction  from  the  cen 
ter  of  the  zone  of  Re 

_=  R-K  (36) 

the  shear  stress  X  in  skim  coat  G 

=  (R-K)  4-  (S~L)  (37) 

the  shear  stress  Y  in  skim  coat  H 

=  (R-K)  -t-  (S-L)  +  (T-M)  (38) 

the  shear  stress  Z  in  skim  coat  J 

=  (R-K)  +  (S-L)  +  (T-M)  +  (V-N)     (39) 

The  intensity  of  shear  stress  is  at  a  maximum  at  the  point  of 
maximum  rate  of  change  of  carcass  radius,  which  occurs  at  the 
edge  of  the  zone  of  Re,  and  from  this  point  its  value  dies  away 
logarithmically  in  both  directions — that  is,  its  rate  of  change  is 
equal  to  its  actual  value  at  any  point.*  This  is  shown  by  the 
curves  in  Fig.  13,  or  expressed  mathematically: 


The  real  value  of  this  collective  shear  must  be  zero,  because 
there  can  be  no  transference  of  shear  force  through  the  center 
of  the  zone  of  Re  in  this  symmetricaOy  flexed  carcass,  so  that 
the  value  calculated  above  of  shear  force  Fx  is  imaginary,  and 
represents  only  the  tendency  of  the  shear  forces  to  affect  the 
tension  distribution  between  the  fabric  pUes. 

Since  we  assumed  primarily  that  tliis  zone  of  the  carcass 
was  flexed  to  critical  curvature,  the  shear  force  Fz  can  have  no 
real  effect  upon  the  tensions  in  the  various  plies.  Its  ten- 
dency to  increase  the  tension  on  the  inner  pUes  causes  the 
final  value  of  critical  radius  to  be  less  than  it  would  be  had 
there  been  no  shear  forces  present,  so  that  the  shear  forces 
afford  a  protection  to  the  fabric,  but  create  fatiguing  strains 
in  the  skim  coats.  The  integral  value  of  the  uncompleted 
decay  of  the  shear  forces,  wliich  are  apparently  suddenly  cut 
off  at  the  center  of  the  zone  of  Re,  does  not  vanish  and  reduce 
the  value  of  the  total  shear  forces  W,  X,  Y,  and  Z.  These 
forces  remain  as  calculated  in  Equations  36  to  39,  and  the 
amount  that  is  lost  tlirough  the  uncompleted  decay  is  made 
up  by  the  production  of  a  transition  spiral  between  the  Re 
zone  and  the  unflexed  part  of  the  carcass.  Undoubtedly, 
this  spiral  has  a  modifying  effect  upon  the  maximum  value  of 
shear. 

Continuing  the  mathematical  analysis,  the  imaginary  value  of 
shear  force  in   skim  coat  Z   at   the      enter   of  the  zone  of   Re 


ZF, 


W  +  X  +  Y  +  Z 


(45) 


By  referring  to  the  fabric  elasticity  curve  in  Fig.  11,  we  can 
obtain  the  fabric  strain  Ei  corresponding  to  the  imaginary  stress 
on  the  inner  ply  as  given  by  Equation  45. 

All  the  data  necessary  to  calculate  the  new  \alue  of  critical 
radius  Re  have  now  been  obtained. 


1  Murray,  "Differential  and  Integral  Calculus,"  1908,  p.  65,  Note  3. 


i  Murray,  "Differential  and  Integral  Calculus,"  1908,  p.  293. 
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Let 


Then 
But 


Ri  =  carcass  radius  to  center  of  inner  ply 
Rj  =  carcass  radius  to  center  of  outer  ply 

^7  _  Rb 

Ri  "  R4{l-Ei) 


(46) 


R,  =  R,+  T{N-l) 
Rt  =  Ri+  r(iV-l) 

R,+  T{N-1) 
Therefore, 


i?4+  T(N-l) 


R« 


Rid-Ei) 


simplifying 
r(N-l) 


1  + 


R, 


+ 


T(N-l) 


1-Ei  '^  Rtil-Ei) 


1)        T(N-l) 


Ej 
l-Ei 


Therefore,  Ri       = 


Rtil-Ei) 
T(N-l)  +  EjRj 

Rid-Ei) 
TR4(N-1){1- 


■£•■) 


T(N-l)  +  EiRi 


and   the  new  critical  radius  Re  =  Rt  —  "o 

TRiiN-l)(l-Ei) 


(47) 


•'^'  "     T{N-l)  +  EiRi  2 

The  value  of  Rt  has  already  been  calculated  (see  Equation  34), 

The  foregoing  analysis  represents  the  simplest  case  of  a 
flexed  carcass,  in  which  the  carcass  curvature  on  either  side 
of  the  zone  of  critical  curvature  is  equal  to  the  original  molded 
curvature.  In  this  case  there  is  no  interference  of  other  zones 
of  curvature  change. 

Fig.  14  presents  a  diagrammatic  picture  of  the  ply  stress 
conditions  in  the  critically  flexed  carcass.  The  weights  on 
the  right  side  represent  the  uniform  ply  tensions  outside  of 
tlie  zone  of  flexure,  and  those  on  the  left  the  unbalanced  ply 
stress  conditions  due  to  flexure.  The  sum  total  of  all  the 
weights  in  each  case  is  the  same,  and  represents  the  inflation 
stress  acting  on  the  carcass. 

In  order  that  we  may  get  a  better  conception  of  the  relative 
values  of  critical  curvatures  as  calculated  by  Equations  35  and 
47,  let  us  consider  the  special  case  of  a  5-ply  square-woven 
fabric  tire,  of  ply  thickness  0.040  inch  and  internal  carcass 
radius  1.5  inches.  Assuming  that  the  fabric  stretch  Eg  is 
8  per  cent,  we  would  find  the  critical  carcass  curvature,  as 
calculated  by  Equation  35,  which  neglects  the  action  of  skim- 
coat  shears,  to  be  0.88  inch.  Calculating  the  critical  curva- 
ture by  Equation  47,  which  takes  skim-coat  shear  into  consid- 
eration, and  assuming  the  zone  of  Re  to  be  2  inches  wide,  we 
would  find  a  critical  curvature  of  0.79  inch.  The  difference 
between  the  two  values  indicates  the  extent  to  wliich  shear 
reduces  the  fabric  fatigue.' 

The  effect  upon  the  fabric  stresses  in  a  whole  tire  carcass 
under  the  combined  action  of  flexure  and  shear  is,  however, 
more  complex  than  the  simple  case  analyzed  above,  but  an 
accurate  determination  can  be  made  by  elaborating  upon  the 
fundamental  analysis.  It  becomes  necessary  to  make  a 
"shear  survey"  of  the  whole  tire  carcass.  If  the  designer's 
objective  is  the  design  of  a  completely  new  tire,  it  is  necessary 
for  him  to  get  his  conception  of  the  whole  problem  by  making 
shear  surveys  upon  some  tires  already  manufactured.  This 
can  be  done  by  taking  measurements  upon  the  tire  under  all 
the  required  conditions — viz.,  molded,  inflated,  and  loaded — • 
and  under  any  abnormal  conditions  that  the  designer  may 
deem  necessary.  The  measurements  may  be  made  by  dimen- 
sion scaling,  or  by  taking  plaster  casts  of  the  outside  of  the  tire, 
or  of  the  inside.  The  writer  cannot  go  into  the  details  of  this 
work  here,  but  when  once  the  principles  of  the  work  are  clearly 
fixed  the  methods  may  easily  be  planned.  The  designer  must 
remember,  however,  that  the  carcass  curvatures  are  functions 
of  many  variables,  chief  of  wliich  are  fabric  angle,  ratio  of 
extreme  to  cross-sectional  tire  diameter,  tread  radius,  and 


cross-sectional  disposition  of  tread-stock.  For  the  latter  two 
reasons  tread  design  is  closely  related  to  carcass  stress  analysis. 
Fig.  15  represents  a  typical  curvature  analysis  for  a  tire 
carcass.  The  abscissas  represent  displacement  along  the 
neutral  axis  of  the  carcass  from  the  point  opposite  the  center 
of  the  tread  to  the  rim  contact  point.  The  ordinates  represent 
the  curvature  changes  under  the  given  conditions  of  inflation 
and  load. 


Let  r„  =  original  carcass  radius  of  curvature 
fx  =  deflected  radius  at  any  point  X 

Then  the  change  of  curvature  =  -  —  — 


(48) 


The  curvature  changes  in  the  tread  and  bead  regions  are 
negative,  and  at  the  side  walls  positive. 

The  maximum  change  of  curvature  occurs  in  the  region  AB. 
Its  value  is  AF.  Were  it  not  for  the  disturbing  effect  of  the 
unsjonmetrical  shears  at  either  end  of  this  region,  the  maxi- 
mum shift  of  the  neutral  axis  of  the  carcass  would  occur  at  the 
point  C,  midway  between  the  points  A  and  B.  But  owing 
to  these  unsymmetrical  shears,  the  point  is  shifted  to  G,  at 
which  point  the  two  shears  neutralize  each  other,  as  shown  by 
the  intersection  of  curves  HK  and  LM,  representing  the 
logarithmic  decrement  loci  of  the  shears  AD  and  BE.  The 
distribution  of  the  total  carcass  stress  among  the  plies  may 
now  be  determined  by  a  method  similar  to  that  by  wliich  the 
critical  curvature  was  previously  calculated,  allowance  being 
made  for  the  effect  of  shear. 

In  order  that  the  reader  may  get  some  idea  of  the  extent  to 
wluch  the  designed  cross-sectional  shape  of  a  tire  may  affect 
the  carcass  tension  and  shear  stresses  under  inflation  and  load. 
Figs.  16,  17,  and  18  have  been  drawn  to  represent  diagram- 
matically  the  stress  conditions  corresponding  to  different 
molded  shapes.  The  weight  marked  "Inflation"  suspended 
over  the  pulley  represents  the  way  in  which  the  inflation  stress 
acts  on  the  carcass,  andtlie  weight  marked  "Load,"  the  way 


Fig   IS 

in  which  the  load  acts  upon  the  flexed  part  of  the  tire.  Con- 
temporary tii'es  of  recent  manufacture  yield  examples  of  all 
three  classes,  which  erroneously  leads  the  casual  observer  to 
believe  that  molded  shape  means  little.  Molded  shape  is 
but  one  factor  in  tire  design,  and  the  off-shape  tire  may 
survive  present  competition  because  it  possesses  good  quali- 
ties from  other  standpoints.  But  it  will  never  be  a  super- 
mileage  tu-e,  because  it  possesses  inherent  weakness. 

Skim-Coat  Shear  Strains — This  subject  is  so  closely  con- 
nected with  fabric  stress  analysis  that  the  method  of  calculat- 
ing the  value  of  maximum  shear  strain  will  be  given.  It  has 
been  calculated  that  the  maximum  intensity  of  shear  force 
F,  is  equal  to  one-half  of  the  total  shear  force  (Equation  42). 
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Let  M,  =  skim-coat  modulus  of  elasticity  up  to  the  usual 
skim-coat  strain 
a  =  angular  shear  of  skim  coat 

ThenF,  =  M,  (sec  u-1)  sin  «  (49) 

=  M,  (tan  w  —  sin  w)  (50) 
From  Equation  50  the  shear  angle  can  be  calculated,  and  the 

skim-coat  elongation  =  secoj— 1  (51) 

In  the  absence  of  definite  data  on  fatigue  of  the  bond  be- 
tween the  skim-coat  rubber  and  the  fabric,  the  designer  must 
base  his  critical  values  upon  the  calculated  skim-coat  elonga- 
tions in  tires  which  have  established  a  known  performance. 


TIR£  MOLDED    NEUTRAL 


TIRE   MOLDED    LOW 


Dynamic  Stresses 

Traction  AND  Braking  Stresses — The  tires  on  the  driving 
wheels  of  a  car  are  subjected,  in  addition  to  the  stresses  due  to 
inflation  and  load,  to  thfe  reciprocating  stresses  of  traction  and 
braking.  Since  tires  are  built  for  universal  service  on  idling 
or  driving  wheels,  these  stresses  become  a  factor  in  all  pneu- 
matic tire  design. 

The  maximum  rate  of  change  of  velocity  of  a  car  occurs 
when  the  brakes  are  strongly  applied.  The  rate  of  retardation 
may  be  carried  to  the  skidding  point  of  the  tire  on  the  road 
surface.  At  this  point  the  retarding  force  acting  on  the  tire 
is  equal  to  the  product  of  the  weight  sustained  by  the  tire  and 
the  coefficient  of  friction  between  the  tire  and  the  road  sur- 
face. This  coefBcient  may  have  a  maximum  value  as  large  as 
unity.  The  actual  weight  supported  by  the  rear  tires  when 
braking  the  car  is  decreased  by  the  tendency  of  the  car  to 
overturn  forward,  similar  to  the  tendency  to  overturn  side- 
wise  when  turning  a  corner.  Therefore,  the  virtual  coefficient 
of  friction  based  on  the  weight  sustained  by  the  tire  at  rest 
or  in  uniform  motion  wiH  be  less  than  its  actual  value  based 
on  the  real  weight  supported  when  braking.  The  reverse 
effect  takes  place  when  the  speed  of  the  car  is  accelerated. 
The  inertia  of  the  car  causes  a  tendency  to  overturn  back- 
ward, and  extra  weight  is  thrown  on  the  rear  wheels,  so  that 
cars  with  short  wheel-bases  assume  that  peculiar  crouching 
attitude  when  started  suddenly. 


The  value  of  the  virtual  coefBcient  of  friction  in  this  case  is 
greater  than  its  actual  value. 

Let  W  =  standard  recommended  loading  for  the  tire 

ju  =   virtual  coefBcient  of  friction  between  tire  and  road 
surface 
Then  the  maximum   accelerating  or  braking  force  Fu  on  the 
tire  =  Wn  (52) 

If  the  rate  of  acceleration  or  deceleration  is  known  and  it  is 
required  to  find  the  corresponding  force  Ff/  acting  on  the  tires 
let  a  =  rate  of  acceleration  or  deceleration 
Wc  =  car  weight 
g  =  acceleration  due  to  gravity 

Wa 

Then  Fm  =  'Y'  (^) 

If  the  car  speed  and  the  power  transmitted  by  the  engine  to  the 
tires  are  known,  the  tractive  force  Ft  per  tire  can  be  calculated. 


Let  V  =  car  velocity  in  miles  per  hour 
Then  the  tractive  force  Ft  per  tire  = 
If  a  car  ascends  a  grade  of  G  per  cent  at  uniform  speed,  the 


187.5  h.  p. 


(54) 


tractive  force  Fg  per  tire   = 


Wfi 


(55) 


and  must  be  added  to  the  tractive  force  Ft  to  obtain  the  total 
force  upon  the  tire. 

From  these  equations  we  can  determine  the  values  of  this 
class  of  dynamic  stresses  under  various  conditions  of  per- 
formance on  the  road.  It  is  necessary  to  assure  sufficient 
protection  to  the  carcass  to  withstand,  not  only  the  greatest 
of  these  stresses,  but  also  the  fatiguing  action  of  all  of  them. 
Having  determined  their  numerical  values,  it  is  then  neces- 
sary to  know  the  shape  and  size  of  the  area  of  contact  between 
the  tire  and  the  road  surface. 

Let  the  elUpse  in  Fig.  19  represent  the  contact  area  between 
the  tire  and  the  road.  It  is  approximately  elliptical  in  shape, 
the  major  axis  being  parallel  to  the  direction  of  motion  of  the  tire. 
Neglecting  shear  displacement  in  the  rubber,  the  traction  or  brak- 
ing force  is  transmitted  uniformly  to  every  unit  area  of  fabric 
lying  directly  over  the  road  contact  area.  Let  OA  and  OB 
represent  the  two  directions  of  the  fabric  threads  in  the  carcass. 
By  drawing  CD  and  EF  parallel  to  OA  and  tangent  to  the  road 
contact  ellipse,  we  obtain  the  zone  of  fabric  threads  lying  parallel 
to  OA  that  are  affected  by  the  stresses  under  consideration. 
By  drawing  two  similar  lines  parallel  to  OB,  we  obtain  the  other 
zone  of  fabric  threads  similarly  affected.  The  line  GH  represents 
the  length  of  extended  major  axis  intercepted  by  these  parallel 
lines.  To  obtain  the  maximum  force  per  unit  width  of  fabric, 
it  is  necessary  to  take  two  points  on  the  major  axis  unit  distance 
apart,  and  equidistant  from  the  point  0,  and  draw  two  lines,  KL 
and  MN,  through  these  points  and  parallel  to  OA. 

The  stress   intensity   per  unit   area   of  road   contact   ellipse 

=    J-,  ^^^ 

where  Aj;  =  area  of  road  contact  ellipse 
Therefore,  the  stress  acting  on  the  area  A  m  between  the  lines 

KL  and  MN      =  "^—^  (57) 

Resolving  this  stress  along  the  direction  of  the  fabric  threads, 
we  get  the  stress  intensity  per  unit  width  of  carcass 

_  AmFm 


2Ae  sin  e  cosG 


(58) 


Dividing  the  stress  equally  among  the  carcass  plies,  and  cor- 
recting for  fabric  distortion,  we  get  the  stress  Fo  per  unit  of 
original  width  of  fabric 

-"^"^^  X!-!^  (59) 


But 
Therefore, 


2NAe  sin  e  cos  e  •^  sin  2B 
sin  26  =  2  sin  9  cos  O 
_       AmFm 
^"  ~  NAe  sin  25 


(60) 


For  Fm  we  may  substitute  Ftf,  Ft  or  Fg  according  to  the 
conditions  under  which  we  wish  to  calculate  the  dynamic  stress 
in  the  fabric.     This  equation  shows  that  the  fabric  stress  is  in- 
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dependent  of  the  stretch  applied  to  the  fabric  in  buUding  the 
carcass. 

Let  us,  for  example,  calculate  the  maximum  fabric  stress  at 
the  edge  of  the  road  contact  ellipse  in  a  33  x  4  S.  S.  cord  tire, 
when  the  brakes  are  strongly  appUed. 
Let  W  =  850  pounds 

M  =  1.0 
Then  Fm=  850  X  1.0  =  850  pounds  (Equation  52) 
Let  the  stress  on    area    Am    =    150  pounds    (Equation    57) 
W^  =  3,  and  5  =  45° 

150 
Then  the  fabric  stress  =   ■?  y  sin  QO"   (Equation  60) 

=  50  pounds  per  inch  width 

Every  part  of  the  tire  carcass,  as  it  revolves  on  the  wheel 
and  makes  contact  with  the  road  surface,  is  subjected  to  the 
simultaneous  action  of  the  dynamic  stress  of  traction  or  brak- 
ing and  the  stress  due  to  flexure  under  load.  The  latter 
stress  may  be  determined  by  the  method  of  calculation  out- 
lined under  "Stresses  Due  to  Deflection  under  Load."  This 
stress  is  at  a  maximum  in  the  outer  ply  of  the  carcass,  and 
has  a  value  EK  (Equation  27),  so  that  the  maximum  fabric 
stress  due  to  these  two  simultaneous  stresses  is  equal  to  the 
sum  of  tlie  two  stresses. 

Centrifugal  Stresses 

Centrifugal  stress  is  generated  in  a  tire  owing  to  the  action 
of  its  mass,  which  tends  to  pull  away  from  the  center  about 
which  the  tire  revolves.  It  is  a  function  of  the  mass  of  the 
tire,  of  the  extreme  diameter,  and  of  the  speed  at  which  the 
tire  revolves.  Its  value  is  a  minimum  in  that  part  of  the 
carcass  directly  under  the  center  of  the  tread,  and  is  cumula- 
tive toward  the  bead  region.  Therefore,  in  a  straight-side 
tire  the  bead  wires  must  finally  supply  the  total  reaction  to 
this  force. 

The  centrifugal  force  acts  in  a  direction  parallel  to  the  minor 
axis  of  the  cross-sectional  ellipse,  and  hence  increases  this 
minor  axis.  Its  action  has  the  characteristic  of  a  directional 
inflation  pressure  away  from  the  center  of  rotation  of  the  tire, 
and  thus  it  decreases  the  deflection  of  a  tire  when  the  latter 
revolves  on  the  road. 

The  total  mass  of  a  tire  is  made  up  of  (1)  casing,  (2)  inner 
tube,  (3)  compressed  air,  and  (4)  flap  (if  used).  In  calculat- 
ing the  centrifugal  stress  which  the  bead  must  resist,  all 
these  parts  must  be  taken  into  consideration;  in  other  cases 
only  part  is  taken,  depending  upon  the  location  of  the  point 
at  which  the  stress  is  to  be  determined. 

The  elementary  equation  of  centrifugal  force  is 
Wv'- 
^'-    JR  (61) 

where  F^  =  centrifugal  force 

W  =  weight  of  the  body 
V  =  linear  velocity 
g  =  acceleration  due  to  gravity 
R  =  radius  of  rotation  to  center  of  gravity  of  body 

Adapting  this  equation  to  the  conditions  in  a  tire,  let  Fig.  3 
represent  the  tire  cross  section  and  X  —  X  the  point  at  which  we 
wish  to  determine  the  centrifugal  ply  stress. 

Let  W,  =  weight  of  tire  above  lines  A'  — A' 

Wt  =  weight   of  tube  lying  between  lines  parallel  to  the 
minor  axis  of  cross-sectional  ellipse,  and  passing 
through  the  points  O,  the  intersection   points  of 
the  lines  AT— A'  and  the  neutral  axis  of  the  carcass 
Wji  =  weight  of  air  between  these  lines 
Wp  =  weight  of  flap  between  these  lines 
Then  the  total  mass   Mr,    which  generates  the    centrifugal 
force  imposed  upon  the  tire  at  the  zone  X  —  X,  is 

W,  +  Wt+  Wa  +  Wp 
Mt  =    ^ (62) 

Let  Ro  =  radius  of  gyration  of  this  total  mass 
Then  the  moment  of  inertia  /  of  the  mass  Mt  is 

/   =    MtRg-  (63) 


and  the  centrifugal  force  becomes 

7=-e  =  ^    (2,r  r.  p.  s.)=  (64) 

where  r.  p.  s.  =  speed  of  tire  in  revolutions  per  second 

If  the  tire  speed  is  calculated  from  the  speed  of  the  car  on 
the  road,  allowance  must  be  made  for  the  decreased  tire  di- 
ameter at  the  road  contact  surface,  and  if  the  tire  on  the  driv- 
ing wheel  is  under  consideration  a  correction  must  be  made  for 
the  relative  slip  between  the  tire  and  the  road  surface  due  to 
the  eff'ect  of  traction. 

The  total  centrifugal  force  Fc  having  been  determined,  its 
intensity  per  unit  width  of  carcass  ply  must  be  found.  Re- 
ferring to  Fig.  3,  it  will  be  seen  that  the  force  Fc  is  distributed 
over  two  circumferential  zones  X—X,  one  on  each  side  of  the 
tire. 

Let  i?i   =  radius  of  revolution  of  point  O 

Then  the  total  width  of  carcass  fabric  over  which  the  force  F^  is 
distributed   is 

iirNR^  (65) 

If  A  =  angle  between  minor  axis  of  cross-sectional  elhpse  and 
the  tangent  to  ellipse  at  intersection  point    0  of 
line  X-X 
then  the  centrifugal  stress  intensity  per  unit  width  of  carcass 
ply  becomes 

Fc 
'iirNR^  cos  A  (66) 

Expressing  this  stress  intensity  in  terms  of  stress  per  unit  of 
original  fabric  width,  the  fabric  stress  S^  becomes 

Fc  1  sin  29 

X   o ..:«  2£i      X    ^;«oK  (6^) 


i-^NR,  cos  A    ^2  sin  ^e 


sin  25 


The  effect  of  this  stress  need  not  be  considered  in  connection 
with  inflation  and  deflection  stresses,  because  its  action  is 
considerably  reduced  at  that  part  of  the  tire  in  contact  with 
the  road.  It  is  of  importance  principally  in  the  calculation 
of  bead  wire  stress,  and  for  its  effect  upon  the  djmamic  tire 
deflection. 


Fig.  19 

The  centrifugal  force  may  be  expressed  in  terms  of  equiva- 
lent inflation  pressure  as  follows: 

Calculating  the  centrifugal  force  Fc  for  the  mass  of  the  tire, 
tube,  flap,  and  air,  but  excluding  the  bead  wires,  and  distributing 
this  force  over  the  plane  generated  by  the  rotation  of  the  major 
axis  of  the  cross-sectional  ellipse  about  the  axis  of  rotation  of  the 
tire,  we  get  the  equivalent  inflation  pressure  P. 


Pc  = 


Fc 


(68) 


This  virtual  inflation  pressure  will  decrease  the  tire  de- 
flection relative  to  the  road  surface  by  the  same  amount  as 
an  actual  pressure  increase  above  the  normal  inflation  pres- 
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sure.'  It  does  not  necessarily  decrease  the  fatigue  in  the  car- 
cass. The  centrifugal  force  elongates  the  minor  axis  of  the 
cross-sectional  ellipse  in  the  part  of  the  carcass  not  in  contact 
with  the  road  by  appro.ximately  the  same  amount  as  it  in- 
creases this  axis  in  the  road  contact  region,  so  that  the  total 
variation  in  length  of  the  minor  axis  per  cycle  is  not  appreci- 
ably changed. 


£itTm£m£  fiir  CmCtimF£KlMC£ 


Indeterminate  Stresses — ^The  most  important  case  in 
this  class  of  stresses  is  that  due  to  contact  of  the  tire  with 
a  sharp  object  on  the  road,  causing  severe  reverse  flexure  of  the 
carcass,  and  often  causing  that  injury  known  as  stone-bruis- 
ing, or  fracture  of  the  inner  ply.  The  contact  is  so  sudden 
and  of  such  short  duration  that  the  tire  has  no  time  to  rebound 
from  the  impact,  so  that  the  tire  suffers  a  definite  deforma- 
tion. The  extreme  effect  of  this  sharp  carcass  flexure  is  to 
throw  the  whole  inflation  stress  in  the  carcass  on  the  inner 
ply  only.  It  is  therefore  important  to  so  design  a  tire  that  the 
ultimate  tensile  strength  of  the  fabric  is  in  excess  of  the  infla- 
tion stress  multiplied  by  the  number  of  carcass  plies;  or 
conversely,  that  the  stress  due  to  inflation  pressure  is  made 
less  than  the  ultimate  tensile  strength  of  the  fabric  di^^ded 
by  the  number  of  phes.  The  rigidity  of  the  carcass  adds 
somewhat  to  the  stress  on  the  inner  ply  during  flexiu'e,  so  that 
the  safety  factor  should  not  be  shaded  too  closelj'  to  the 
critical  value. 

Appendix 

Proof  of  Equation  4  in  DETAiL^UTien  the  tube  is  inflated 
to  fiU  the  interior  of  the  tire  carcass,  the  outer  surface  of  the  tube 
coincides  with  the  inner  surface  of  the  carcass.  Therefore,  the 
external  cross-sectional  perimeter  Lt  oi  the  tube  is  stretched 
until  it  equals  the  internal  cross-sectional  perimeter  i,  of  the 
carcass,  so  that  the  strain  per  unit  of  transverse  perimeter  of 
tube  equals 

Le — I-'T 


and  if  m  equals  the  ratio  of  stress  to  strain  per  unit  cross-sec- 
tional area  of  tube  stock  corresponding  to  the  strain  of  com- 
plete inflation  of  the  tube,  then  the  force  per  unit  of  tube  length 
resisting  the  inflation  pressure  equals  the  elastic  modulus  of  the 
stock  times  the  cross-sectional  area  of  tube  times  the  strain  per 
unit  of  transverse  perimeter.  Represented  symbolicallj',  this 
force  equals 


mt  ■ 


L,-Li 


(69) 


LetPj. 


air  pressure  required  to  inflate  the  tube  to  fill   the 
interior  of  the  carcass 


Then,  according  to  Equation  1,  the  transverse  stress  per  inch 
of  tube  length 

_  Pt  X  tube  cross-sectional  inflated  diameter    _  Pj  L^ 

2  '      y  ^  ^~^' 

and  equating  the  expressions  ( 
force  in  different  terms, 

PtL, 


3  and  70,  which  represent  the  same 


and  transposed 


Pt  =  2jr  ml 


LcLt 


Proof  of  Equation  12 — Fig.  20  represents  the  fabric  parallelo- 
grams referred  to  in  connection  with  Equation  10.  The  sides  of 
these  parallelograms  are  aU  equal,  because  the  distortion  alters 
only  the  internal  angles. 

Let  5  =  ratio  of  stretched  to  unstretched  length  of  the  fabric 

ply  at  the  extreme  ply  diameter- 
Then  it  may  readily  be  seen  by  referring  to  Fig.  20  that  the  re- 
lation of  the  fabric  angle  6  to  the  bias  angle  B  is 

cos  e  =  5  cos  B  (71) 

This  relation  holds  true  only  at  the  extreme  ply  circumference. 
To  establish  this  relation  at  any  other  point  on  the  carcass,  the 
fabric  distortion  at  that  point  must  be  considered.  The  stretch 
of  the  fabric  ply  at  any  point  (such  as  at  ^4  in  Fig.  21)  to  conform 
to  the  shape  of  the  core  upon  which  the  tire  is  built  is  proportional 
to  the  distance  of  the  point  from  the  center  of  rotation  of  the  core, 
so  that  if  5  is  the  circumferential  fabric  distortion  at  the  extreme 
ply  diameter,  then  the  circumferential  distortion  at  the  point  A  is 

D^+2H 
^  DS  +  Dt  '-'-'' 

Equation  71  thus  generalized  becomes 


cos  9  =  5  cos  B 


(Dr±2H\ 
\Dr  +  Dt) 


+  Dj 

Proof  of  Equation  13 — The  elUpse  in  Fig.  22  represents  the 
cross-sectional  median  line  of  a  tire  carcass. 

Let  a  =  major  axis  of  ellipse 
Dt  =  minor  axis  of  ellipse 

Then  the  area  of  the  cross-sectional  elUpse 

=    I  aDT  (73) 

and  the  force  tending  to  elongate  the  carcass 

=  {P-Pt)  \  aDT  (74) 

This  force  acts  over  whole  perimeter  of  the  carcass  cross  section. 
The  length  of  the  perimeter  of  the  cross-sectional  ellipse 


y/aDi 


(75) 


Therefore,    the   longitudinal   stress    Sl   per   unit   of   perimeter 


{P-Pt 


aDj 


I  J.  Soc.  Aulomotive  Eng.,  11,  438  (1922) 


Try/aDr 

{P-PT)VaDT 
4 

This  stress  is  distributed  among  all  the  plies  of  the  carcass,  so 
that  the  stress  per  ply  in  one  direction 

(P-Pr)VaJ? 

8N 

Resolving  this  stress  along  the  direction  of  the  threads,  we 


m 


(77) 
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obtain  the  stress  per  unit  width  of  fabric  measured   perpen- 
dicularly to  the  threads  of 

(P-Pt) 


8N 


y/aDi  sec  '6 


(78) 


and    correcting    for    the    thread    concentration    due    to  fabric 
distortion,  we  get  the  real  fabric  stress 


F2  = 


iP-Pr)    ,-^ 


87V 


Val'rsec'9 


sin  29 
sin  25 


Proof  of  Load  Relation  to  Fabric  Stress  Relief — Fig.  23 
represents  diagrammatically  the  cross  section  of  an  inflated  car- 
cass, having  a  diameter  D  and  an  inflation  pressure  P. 

PD 

According  to  Equation  1,  the  transverse  fabric  stress  =    -^• 

Fig.  24  represents  the  same  carcass  deflected  under  the  load  L 
per  unit  of  carcass  length. 

PH 
The  new  fabric  stress  =    ir-  (79) 


So  that  the  stress  relief  due  to  flexure  = 


PH 

2 


{D-H) 


(80) 
(81) 


Now,  because  the  carcass  retains  the  same  transverse  perimeter 
2W  =  ttZ)— n-H  (82) 


(83) 


or   IF  = 

2-(^ 

0-1 

i) 

But  IF  = 

L 
P 

So  that  L  = 

TVP 

2 

(D- 

-H) 

Therefore,  the  ratio  of  load  to  stress  relief 

wP 

—  {D-H) 


{D-H) 


(84) 


Proof  op  Equation  30  that  ^  =  ^ — Fig.  25  represents  a 
sector  of  unstressed  carcass  subtended  by  the  angle  9. 

Ri  =  radius  to  center  of  outer  ply 

Ri  =  radius  to  center  of  inner  ply 

Rz  =  imaginary  value  of  radius  Ri,  if  the  tire  were 
simply  inflated  until  the  stress  per  ply  were  equal 
to  that  sustained  by  the  outer  ply  under  critical 
curvature  conditions.  (This  has  already  been 
explained  in  the  text.     See  Equation  27.) 

Now  let  Fig.  26  represent  the  same  sector  of  carcass  flexed  to 
critical  curvature.  The  subtended  angle  a  is  greater  than  the 
angle  G. 

Since  the  stress  on  the  outer  ply  is  the  same  in  both  Figs.  25  and 
26,  then  the  outer  ply  lengths  are  the  same,  so  that 

RiQ  =  RiCc 
Similarly,  the  inner  ply  lengths  are  the  same,  so  that 

RiQ  =  RiO 
Therefore,  combining  Equations  85  and  86 
Rja  ^  R^e 
Rta       R^e 
and  simplifying 

Rh   _   R3 
Ra        R2 


(85) 
(86) 

(87) 

(88) 


The  World's  Dairy  Congress 


A  N  International  Congress  on  dairying,  held  in  this  country 
October  2  to  10,  was  attended  by  1800  delegates,  including 
over  200  from  43  foreign  countries. 

At  the  opening  sessions  in  Washington,  October  2  and  3,  the 
delegates  were  welcomed  by  Secretary  Hughes  and  addresses 
were  made  by  Secretaries  Wallace  and  Hoover.  Additional 
sessions  were  devoted  to  papers  on  international  trade  and  the 
development  of  the  dairy  industry.  On  October  4  the  Congress 
adjourned  to  Philadelphia,  where  a  demonstration  was  given  of 
the  methods  used  by  the  National  Dairy  Council  in  educating 
the  public  to  the  nutritive  value  of  milk.  From  Philadelphia 
special  trains  took  the  delegates  to  Syracuse,  where  the  National 
Dairy  Exposition  was  held.  October  5,  6,  8,  9,  and  10  were  given 
over  to  technical  papers  on  topics  related  to  the  dairy  industry. 

About  245  papers  were  presented  at  the  27  sessions  into  which 
the  Congress  was  divided.  Abstracts  of  the  papers  in  English, 
French,  German,  and  Spanish  were  available  at  registration,  and 
full  papers  and  proceedings  will  be  published  by  the  Government. 
Three  of  the  sessions  were  devoted  to  the  nutritional  side  of 
the  milk  question,  and  included  papers  by  McCoUiun,  Mendel, 
Blackham,  Sherman,  Block,  and  Pirquet.  R.  M.  Allen  and 
Chas.  A.  Glabau  discussed  the  question  of  the  use  of  milk  and 
milk  powders  in  the  baking  industry,  both  from  the  stand- 
point of  the  increase  in  nutritive  value  and  the  effect  of  the 
addition  of  milk  solids  on  the  size  and  quality  of  the  loaf.  In 
the  section  on  equipment  two  papers  discussed  the  use  of 
various  metals  in  the  handling  of  milk  and  the  manufacture  of 
mUk  products. 

In  the  session  devoted  to  the  transportation  of  milk  consider- 
able attention  was  given  to  the  use  of  steel  tanks  for  both  auto- 
mobile and  railroad  shipments.  A  collection  of  papers  on  milk 
secretion  and  the  nutrition  of  dairy  cows  included  contributions 
by  Porcher,   Isaachsen,   Koestler,   Forbes,  and  Meigs.     H.   M. 


Evans  discussed  the  occurrence  and  distribution  of  a  new  dietary 
factor  essential  to  reproduction. 

Additional  papers  of  interest  to  chemists  appeared  in  various 
sessions  of  the  Congress.  These  included  a  paper  by  L-  L.  Van 
Slyke  on  "The  Chemistry  of  Casein;"  by  L.  S.  Palmer  on  the 
"Chemistry  of  Milk  and  Milk  Products  from  a  Colloidal 
Standpoint;"  by  Alan  Leighton  and  P.  N.  Peter  on  "Factors 
Influencing  the  Crystallization  of  Lactose;"  by  A,  Miyawaki  on 
"The  Keeping  Quality  of  Sweetened  Condensed  Milk;"  by  H. 
H.  Somer  on  "The  Heat  of  Coagulation  of  Milk;"  by  A.  Leighton 
and  E.  F.  Deysher  on  "Factors  Influencing  the  Heat  Coagula- 
tion of  Milk  and  the  Thickening  of  Condensed  Milk;"  by  G.  C. 
Supplee  on  "The  Keeping  Quality  of  Dry  Milk;"  by  G.  E.  Holm 
and  G.  R.  Greenbank  on  "The  Keeping  Quality  of  Butterfat 
with  Special  Reference  to  Milk  Powder;"  and  by  H.  Jephcott 
and  N.  Ratcliffe  on  "Fat  in  Commercial  Casein."  The  splendid 
program  was  largely  due  to  the  work  of  L.  A.  Rogers,  of  the 
Dairy  Division,  U,  S.  Department  of  Agriculture. 

Syracuse  University  at  a  special  convocation  conferred  the 
degree  of  doctor  of  science  on  C.  J.  Hastings,  of  Canada;  C. 
Orla-Jensen,  of  Denmark;  Masayoshi  Sato,  of  Japan;  Haakon 
Isaachsen,  of  Norivay;  Gerald  Leighton,  of  Scotland;  Robert 
Burri,  of  Switzerland;  Robert  Stenhouse  Williams,  of  England; 
Charles  Borcher,  of  France;  and  Sir  Arnold  Theiler,  of  South 
Africa.  The  degree  of  doctor  of  laws  was  conferred  on  Cesares 
Longobardi,  of  Italy,  and  H.  E.  Van  Norman,  president  of  the 
Congress. 

A  number  of  excursions  were  arranged  for  the  delegates, 
both  before  and  following  the  Congress,  to  farms,  dairy  manu- 
facturing establishments,  and  educational  institutions.  These 
included  an  automobile  trip  ending  at  Ithaca  for  the  dedication 
of  the  new  dairy  building  of  Cornell  University  and  a  long  trip 
to  the  Pacific  Coast. 


1132 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  11 


The  Absorption  of  War  Gases  by  Rubber  and 
Rubberized  Fabric' 


By  Thomas  M.  Rector 

14  Chirch  St.,  New  York,  N.  Y. 


Chloropicrin  in  Air 

CLEAN-CUT  practical 
methods  were  avail- 
able for  all  the  com- 
mon war  gases  when  pres- 
ent in  amounts  exceeding 
25  parts  per  million  of  air. 
Below  this  concentration 
no  chemical  method  could 
be  depended  upon.  Chlor- 
opicrin,  when  present  in 
amounts  exceeding  2  parts 
per  million  in  air  causes  in- 
voluntary closing  of  the  av- 
erage eye.  It  was  noted, 
however,  that  a  measurable 

interval  of  time  elapsed  between  exposure  to  the  gas  and  the 
closing  of  the  eye.  Further  tests  showed  that  tliis  time 
interval  varied  sharply  with  the  concentration  of  the  gas,  and 
that  this  variation  could  be  used  to  determine  chloropicrin 
concentration  between  1  part  per  million  and  30  parts  per 
million  with  enough  accuracy  for  the  purpose  of  the  inves- 
tigation. 

Using  these  facts  as  a  basis,  the  following  method  was 
evolved: 

Apparatus — Before  determinations  of  chloropicrin  con- 
centrations can  be  made  phj'siologicaUj'-,  the  eyes  of  the 
operators  must  be  calibrated  by  exposure  to  know  concen- 
trations of  gas  in  air  and  recording  the  time  of  the  eye  re- 
action.   For  this  work  the  following  apparatus  is  required: 

1 — A  deNHce  for  producing  a  chloropicrin-air  mixture  of  con- 
stant concentration  consisting  of  a  source  of  compressed  air,  a 
sulfuric  acid  drying  bottle,  an  empty  bottle  as  a  trap,  and  a 
"bubbler"  bottle  of  chloropicrin  in  a  bath  of  melting  ice.     (Fig.  1) 

2 — A  glycerol-lubricated,  ground-glass  syringe  for  transferring 
gas. 

3 — A  round  glass  bulb  with  a  short  neck  which  fits  into  the 
eye  like  an  eye  cup.  This  should  be  fitted  with  a  heavily  paraf- 
fined rubber  stopper  containing  a  short  piece  of  capillary  tubing. 
The  bore  of  the  capillary  should  be  a  trifle  larger  than  the  syringe 
needle. 

4 — A  stop  watch  for  recording  time  of  eye  reaction. 

Method — The  apparatus  ha\Tng  been  assembled,  a  sample 
ranging  from  0.1  to  2  cc.  is  withdrawn  from  the  bubbler 
with  the  sjTinge  and  introduced  into  the  bulb  through  the 
capillary.  The  bulb  is  then  shaken  a  few  times  to  mix  the 
gas,  the  stopper  is  quickly  removed,  and  the  neck  of  the  bulb  is 
placed  over  the  closed  eye  of  the  subject.  He  then  opens 
his  eye  normally,  at  the  same  time  starting  the  stop  watch. 
Within  from  3  to  30  seconds,  depending,  of  course,  upon  the 
concentration  of  gas,  the  subject  wiU  have  an  overpowering 
impulse  to  close  his  eye.  At  this  point  the  stop  watch  is 
stopped  and  the  time  recorded.  A  series  of  tests  should  be 
run,  varjing  the  concentration  up  to  the  limit  of  endurance 
of  the  subject.  Convenient  concentrations  to  test  are  2.5, 
5,  7.5,  10,  15,  20,  and  25  parts  per  milUon.  From  the  data 
thus  obtained  a  calibration  curve  can  be  drawn  plotting  the 
concentration  in  parts  per  million  against  the  time  of  the 
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Soon  after  the  adoption  of  the  Al^ron  Tissot  and  Kops  Tissot 
face  pieces  for  the  American  gas  mask,.  Major  R,  C.  Pierce,  of  the 
Physiological  Division  of  the  Chemical  Warfare  Service,  made  the 
discovery  that  practically  every  face  piece  of  these  types,  no  matter 
how  well  fitted,  leaded  air  in  measurable  amounts.  The  amount 
of  "leak-in"  varied  from  a  few  cubic  centimeters  of  air  per  minute 
to  several  hundred  per  minute.  This  discovery  caused  a  great  deal 
of  controversy  in  the  chemical  warfare  laboratories.  Those  who 
doubted  that  the  face  pieces  leaked,  immediately  raised  the  question: 
"IVhy  aren't  the  men  gassed  if  the  face  pieces  leaky 

The  investigations  reported  in  this  paper  were  made  for  the 
purpose  of  answering  this  question.  The  results  of  the  experiments 
are  reported  at  this  time  more  on  account  of  the  unique  methods 
employed  and  their  possible  utilization  in  other  fields,  than  for 
their  bearing  on  gas-mask  development. 


eye  reaction  in  seconds. 
(Fig.  2)  The  physiologists 
may  be  interested  in  know- 
ing that  the  ej'es  of  different 
subjects  varied  greatly  but 
both  eyes  of  the  same  sub- 
ject reacted  similarly  as  far 
as  could  be  determined. 

Ha\dng  caUbrated  the  eye 
of  the  subject,  one  can  de- 
termine the  concentration 
of  chloropicrin  in  any  vessel 
or  room  by  simply  recording 
the  time  to  the  ej'e  reaction 
and  reading  the  concentra- 
tion by  reference  to  the 
calibration  curve  of  his  eye. 

Absorption  of  Chloropicrin  by  Face  Pieces 

In  prehminary  experiments  made  at  the  Lakeside  Hospital 
the  observation  was  made  that  amounts  of  chloropicrin  and 
phosgene  up  to  50  parts  per  million  disappeared  within 
5  minutes  when  injected  into  the  face  piece  of  both  Akron 
Tissot  and  Kops  Tissot  masks.  These  tests  were  made 
with  the  subject  breathing  freely  into  the  outer  air  through 
a  tube,  so  that  the  air  within  the  face  piece  was  not  changed. 
The  physiological  method  described  made  it  possible  to  foUow 
the  rate  of  disappearance  of  the  chloropicrin  with  considerable 
accuracy. 

For  the  purposes  of  the  work  Akron  Tissot  and  Kops 
Tissot  masks  were  fitted  with  the  old-fashioned  mouthpiece 
and  nose-clip,  so  that  the  air  inside  the  face  piece  would 
not  be  changed  during  the  experiment.  In  some  of  the  tests 
wherein  the  interior  of  the  masks  was  coated  with  gas-resis- 
tant substances,  it  was  found  best  to  attach  the  mask  to  an 
empty  bottle.     The  dead  space  in  the  masks  was  measured 


Fig.  1 — App.^ratus  for  Obt.\ining  Const.^nt  Concentrations  op 
Chloropicrin 

by  displacement  vnth  water  while  attached  to  the  subjects 
or  to  the  empty  bottle.  The  gas  was  put  into  the  face  piece 
by  means  of  a  sjTinge,  as  described  above.  After  the  gas 
had  been  put  into  the  mask,  the  subject  was  required  to  shake 
his  head  in  order  to  mix  gas  and  air.  When  the  bottle  method 
was  used,  the  entire  apparatus  was  shaken. 

When  the  masks  were  attached  to  subjects,  the  subjects 
themselves  made  the  determinations  at  intervals.    It  was 
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found  that  a  man  wearing  a  mask  could  make  four  deter- 
minations ■without  removing  it.  If  more  than  this  were  at- 
tempted, the  eyes  watered  to  such  an  extent  that  the  results 
were  not  accurate.  When  the  method  of  attaching  the  mask 
to  a  bottle  was  used,  the  determination  was  made  by  applying 
the  eye  to  the  inhalation  tube  of  the  mask. 
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Fig.  2 — Calibration  Curves  of  Eves  for  Chloropicrin 

Tests  by  the  foregoing  methods  were  made  on  both  Akron 
and  Kops  masks,  both  dry  and  with  their  interior  surfaces 
wet  with  water.  (Fig.  3)  A  special  test  was  also  made 
on  an  Akron  mask  coated  with  a  5  per  cent  gelatin  solution, 
appUed  uniformly  on  the  interior  surface  of  the  mask  and 
allowed  to  cool  to  a  jelly.  The  tests  were  made  before  the 
gelatin  dried  to  a  film.  The  result  of  this  test  is  shown  in 
Table  I. 


Table 

I — Absorption 

OF    Chloropicrin    by  Gelatin-Coated 
TissoT  Face  Piece 

Akron 

Time 
Minutes 

Gas  Unabsorljed 
P.  p.  m. 

At  start 
2 

4 
7 
10 

30 
2.3.5 
17.0 
7.5 
6.5 

Absorption  of  Chloropicrin  by  Face-Piece  Material 

The  experiments  described  showed  that  gas  introduced 
into  the  face  pieces  of  gas  masks  disappeared  very  rapidly. 
Tlie  fact  that  wetting  the  face  piece  with  water  and  gelatin 
solution  retarded  this  absorption  indicated  very  strongly 
that  the  face-piece  material  was  playing  a  .strong  part  in 
absorbing  the  gas.  In  order  to  determine  definitely  the 
extent  of  this  absorption,  the  following  experiments  were 
made : 

Materials  and  Apparatus — The  face-piece  material 
tested  was  cut  from  an  Akron  Tissot  mask.    The  outer  cloth 
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covering  of  the  rubber  was  stripped  off.  For  each  absorption 
test  fresh  pieces  were  cut,  measured,  and  their  area  calculated. 

The  absorption  tests  were  made  in  a  lamp  bulb  with  its 
neck  shaped  hke  an  eye  cup,  as  described  above.  The  bulb 
was  fitted  with  a  heavily  paraffined  rubber  stopper  provided 
with  a  capillary  glass  tube  through  which  knowii  quantities 
of  gas  were  introduced  by  means  of  an  all-glass  syringe. 
Control  tests  were  made  which  showed  that  the  paraffined 
stopper  did  not  absorb  a  measurable  amount  of  gas  during 
the  experiments. 

In  the  first  series  of  experiments  comparatively  large  pieces 
of  rubber  were  used  and  the  measurements  made  at  intervals 
of  a  minute.  In  the  second  series  small  pieces  of  the  material 
were  allowed  to  come  to  equilibrium  with  the  gas  by  standing 
18  hours  before  the  final  measurements  were  made.  The 
results  are  shown  graphically  in  Figs.  4  and  5. 

CoMP.'iRisoN  OF  Rates  op  Absorption  of  Chloropicrin 
and  Phosgene 

The  results  of  these  experiments  left  no  doubt  that  small 
concentrations  of  chloropicrin  are  absorbed  very  quickly 
when  exposed  to  comparatively  large  rubber  or  rubberized 
surfaces.  There  were  some  grounds,  however,  for  doubting 
the  ability  of  rubber  to  absorb  other  gases  in  equivalent 
amounts.  As  phosgene  was  a  very  important  war  gas 
with  markedly  different  properties,  it  was  decided  to  compare 
its  rate  of  absorption  by  rubber  with  that  of  chloropicrin.  Of 
course,  the  physiological  method  of  analysis  could  not  be 
used,  as  phosgene  is  not  a  lachrymatory  gas.  It  was  neces- 
sary, therefore,  to  resort  to  chemical  methods  and  to  use  much 
heavier  concentrations  of  gas. 
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Fig.  3 — Chlorpoicrin  Absorption  Curves  of  Moist  and  Dry  Kops 
Tissot  and  Akron  Tissot  Masks,  with  Face  Pieces  Alone  Fitted  to 
Subject 
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Fig.  4 — Curves  Showing  Rate  of  Absorption  of  Chloropicrin  by 
Rubber  Face-Piece  Material 

Materials  and  Apparatus — The  material  used  for  the 
comparison  was  cut  from  an  original  sheet  of  face-piece  rubber 
before  molding.  Strips  of  this  material  1  inch  wide  and  8 
inches  long  were  cut,  this  being  a  convenient  size  for  the 
absorption  bulb. 

The  apparatus  consisted  of  the  following: 

1 — A  tubulated  glass  bulb  of  1 -liter  capacity  used  as  the 
absorption  chamber. 

2 — A  Geissler  potash  bulb  for  absorbing  and  determining  the 
residual  gas. 

3 — A  10-liter  aspirator  bottle  for  drawing  the  gas  through  the 
absorbing  solution. 

Method — The  strip  of  rubber  was  suspended  in  the  ab- 
sorption bulb  by  means  of  a  glass  rod  and  small  pieces  of 
wire.  A  known  amount  of  gas  was  then  put  into  the  bulb 
by  means  of  a  rubber  sjTinge  in  the  case  of  phosgene,  and  by 
a  mercury-filled  Hempel  buret  in  the  case  of  chloropicrin. 
The  gas  was  allowed  to  stand  in  contact  with  the  rubber 
for  time  intervals  varying  from  15  minutes  to  16  hours.     At 
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the  end  of  the  selected  interval  the  residual  gas  was  drawn 
through  the  absorbing  solution  and  analyzed.  Control 
analyses  were  made  on  the  apparatus  to  determine  the  actual 
amount  of  gas  being  put  into  the  bulb.  The  results  are 
shown  in  Fig.  6. 
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Fic.  5 — Absorption   oh   Chloropicrin  by  Akron  Tissot  Face-Piece 
Materials.      Time  op  Exposure — 18  Hours 

It  will  be  noted  that  the  absorption  curves  cross  at  3  hours' 
exposure.  This  indicates  that  the  cliloropicrin  is  absorbed 
at  a  faster  rate  than  phosgene,  but  is  also  given  up  at  a  faster 
rate  when  fresh  air  is  drawn  into  the  bulb.  When  a  chloropic- 
rin-containing  test  piece  was  dropped  into  a  500-cc.  bottle 
of  fresh  air,  within  5  minutes  the  air  in  the  bottle  caused 
the  eye  to  close  in  less  than  4  seconds,  indicating  that  the 
chloropicrin  is  given  up  quite  rapidly  when  the  equilibrium 
is  disturbed. 

The  same  is  not  true,  however,  of  phosgene,  and  it  is  prob- 
able that  there  is  a  chemical  combination  between  the  rubber 
and  this  gas.  With  chloropicrin  the  phenomenon  is  an  ap- 
parently simple  solution. 

Discussion  of  Results 

A  study  of  this  series  of  experiments  cannot  fail  to  lead 
to  the  conclusion  that  rubber  and  rubberized  cloth  are  very 
efficient  in  removing  small  quantities  of  war  gases  from  air. 
It  also  seems  clear  that  the  rate  of  absorption  is  rapid  enough 
to  account  for  the  fact  that  men  are  not  gassed  in  the  Tissot 
type  masks  even  when  these  masks  allow  several  hundred 
cubic  centimeters  of  gas-laden  air  per  minute  to  leak  in.  In 
the  case  of  a  gas  that  is  not  soluble  in  rubber  the  protective 
effect  of  the  face  piece  would  not  be  m  evidence.  It  happens, 
however,  that  the  three  reaUy  important  gases — phosgene, 
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chloropicrin,  and  mustard  gas — are  all  highly  soluble.  In 
fact,  practically  all  the  gases  suggested  for  war  use  that  are 
at  all  suitable  for  the  purpose  are  sufficiently  soluble  in  rubber 
to  make  the  protective  effect  of  the  face-piece  material  well 
worthy  of  consideration. 

Aside  from  its  relation  to  war  gas  problems,  the  physiologi- 
cal method  of  gas  determination  herein  described  should  be 
of  assistance  in  determining  the  extent  and  rate  of  absorption 
of  many  vapors.  Data  of  this  kind  should  be  valuable  in 
the  study  of  problems  of  sanitation,  ventilation,  hygiene, 
and  occupational  diseases. 
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A  Gas-Tight  Stirrer' 

By  George  E.  Holm  and  George  R.  Greenbank 

Bureau  of  Animal  Industry,  Washington,  D.  C. 

T^HE  accompanying  cut  illustrates  the  principal  features  of 
*  the  stirrer.  The  bearing  and  the  shaft  are  machined 
from  steel  and  hardened,  and  the  shaft  is  then  lapped  to  fit 
the  bearing  with  the  use  of  fine  emery.  The  construction  of 
the  stuffing  box  is  fully  explained  in  the  diagram.  The 
packing  used  may  be  cotton  waste  saturated  with  the  same 
oil  as  that  used  for  lubrication.  Brass  inlet  and  outlet  tubes 
of  Winch  diameter  are  soldered  into  grooves  made  in  the 
bearing.  Although  the  apparatus  may  be  constructed  in 
dimensions  suitable  to 
the  work  in  which  it  is  to 
be  used,  the  size  found 
most  suitable  in  labora- 
tory work  was  of  the  fol- 
lowing dimensions: 
length  of  bearing,  2V4 
inches ;  diameter  of  bear- 
ing, Vs  inch;  length  of 
shaft,  7  inches;  diameter 
of  shaft,  V4  inch ;  diam- 
eter of  stuffing  box,  ^/'s 
inch. 

The  glass  stirrer  is  fas- 
tened to  the  shaft  with 
Utharge-glycerol  cement. 
It  is  closed  to  prevent 
contact  of  the  liquid 
with  the  metal  shaft, 
and  contains  a  small 
hole.  A,  just  above  the 
level  of  the  liquid.  Upon 
rapid  stirring,  the  gas 
above  the  liquid  is 
drawn  through  tliis  hole 
and  the  liquid  is  drawn  in  througli  the  lower  end  of  the  stir- 
rer. Both  are  t]iro\^'n  out  through  the  arms  of  the  stirrer, 
thus  producing  a  continuous  circulation  and  mixing  of  the 
liquid  and  the  gas  in  the  vessel  under  a  constant  gas  pressure. 

The  apparatus  shown  has  been  used  where  thorough  mixing 
of  a  gas  and  liquid  was  desired  and  where  it  was  desired  to 
measure  the  quantities  of  gas  absorbed  by  a  liquid  in  suc- 
cessive intervals  of  time.  The  stirrer  may  be  run  at  a  high 
speed  for  a  long  time  without  great  wear,  and  will  also  permit 
relatively  high  vacuum  or  pressure  within  the  vessel,  without 
danger  of  gas  leakage. 

1  Received  September  26,  1923. 
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The  Effect  of  Various  Pigrnents  upon  the  Rate  of  Oxidation 

of  Linseed  Oil' 


By  F.  H.  Rhodes  and  A.  E.  Van  Wirt 

CoRNELi.  University,  Ithaca,  N.  Y. 


IT  IS  well  known  that 
the  nature  of  the  pig- 
ment present  in  a  paint 
has  a  distinct  influence  upon 
the  rate  of  drying  of  the 
paint  and  upon  the  charac- 
teristics of  the  film  obtained 
after  drying  is  complete. 
For  example,  the  drying  is 
accelerated  by  white  lead 
and  retarded  by  carbon 
black,  wliile  a  paint  made 

from  zinc  white  dries  to  a  harder  and  more  brittle  film  than 
does  a  paint  made  from  white  lead.  Sabin-  has  shown 
that  the  change  in  weight  undergone  by  a  paint  film  dur- 
ing drj'ing  depends  upon  the  nature  of  the  pigment  present 
in  the  paint;  while  Gardner'  points  out  that  the  composi- 
tion of  the  volatile  matter  given  off  during  the  drying  de- 
pends upon  ithe  pigment  used  in  the  paint.  Boughton^ 
found  that  the  drying  of  linseed  oil  is  accelerated  more  by 
white  lead  than  by  zinc  white,  and  more  by  zinc  white  than 
by  china  clay.  Various  other  investigator.?  have  studied 
this  problem  of  the  effect  of  pigments  upon  the  drying  of 
linseed  oil,  but  the  data  that  have  been  published  upon 
this  subject  are  more  or  less  fragmentary  and  sometimes 
contradictory. 

Most  of  this  pre^nous  work  has  been  of  a  cjualitative  rather 
than  of  a  quantitative  nature.  The  rates  of  drying  of  the 
paints  have  been  determined  by  measm-ing  the  rates  of  change 
in  weight  of  paint  films  exposed  to  the  air  or  by  noting  the 
times  required  for  the  films  to  become  dry  to  the  touch.  The 
change  in  weight  of  the  film  is  not  an  accurate  measure  of  the 
extent  to  which  the  oil  has  been  oxidized,  since  the  o.xidation 
is  accompanied  by  an  evolution  of  volatile  matter  and  the 
amount  and  the  nature  of  this  volatile  matter  may  vary  with 
the  nature  of  the  pigment  present  in  the  paint  and  with  the 
conditions  under  which  the  oxidation  takes  place. ^'^  The 
time  required  for  the  film  to  become  dry  to  the  touch  is  not  a 
satisfactory  criterion  of  the  rate  of  oxidation  of  the  oil,  since, 
as  we  shall  show,  the  apparent  "dry  point"  does  not  always 
coincide  with  the  same  stage  in  the  oxidation.  This  previous 
work,  therefore,  while  it  may  have  served  to  show  qualita- 
tively the  effect  of  the  nature  of  the  pigment  upon  the  rate  of 
drying  of  the  paint,  has  afforded  Little  quantitative  infor- 
mation as  to  the  effect  of  the  pigment  upon  the  progress  of 
the  oxidation  of  the  oil. 

Apparatus  (Fig.  1) 

A  wide-mouthed  suction  flask  was  placed  in  a  thermostat 
wliich  was  kept  at  30°  C.  (±0.2°).  The  mouth  of  the  flask 
was  closed  tightly  with  a  rubber  stopper.  At  the  bottom  of 
the  stopper  was  a  smaU  hook,  from  which  was  suspended  a 
frame  of  copper  wire  carrying  two  strips  of  cloth,  each  2 
cm.  wide  and  10  cm.  long.  To  the  side  arm  of  the  suction 
flask  was  attached  a  capillary  glass  tube  extending  to  the  top 

1  Received  May  2,  1923. 

2  This  Journal,  3,  81  (1911). 
>Ibid.,  6,  200  (1914J. 

<  Bur.  Standards.  Tech.  Paper  71  (1916). 

'  Coffey,  J.  Chem.  Soc.  (London),  119,  1152  (1921). 


In  the  wor}(^  described  in  this  article  an  attempt  has  been  made  to 
determine  quantitatively  the  effects  of  some  of  the  more  common  white 
pigments  upon  the  actual  rate  of  oxidation  of  linseed  oil.  Films 
of  weighed  amounts  of  paints,  prepared  from  k.nown  weights  of  pig- 
ment and  linseed  oil,  were  exposed  to  pure  oxygen  at  constant  tem- 
perature and  pressure,  and  the  rates  of  absorption  of  oxygen  and  of 
evolution  of  volatile  matter  were  measured.  A  number  of  such  ex- 
periments were  made,  using  paints  prepared  from  some  of  the  more 
important  and  more  commonly  used  white  pigments,  and  the  results 
obtained  with  the  different  paints  were  compared. 


of  a  mercmy-filled  Hempel 
buret.  A  side  arm  from  this 
capillary  was  attached, 
through  a  small  manometer, 
with  a  glass  bulb  filled  with 
air  and  immersed  in  the 
water  within  the  thermo- 
stat. The  bottom  of  the  suc- 
tion flask  was  covered  with 
a  layer  of  soda  lime,  and 
one  or  more  vials  of  con- 
centrated sulfm'ic  acid  were 
placed  within  the  flask.  The  soda  lime  and  the  sulfuric  acid 
served  to  absorb  the  carbon  dioxide,  water  vapor,  and  vola- 
tile organic  matter  which  might  be  evolved  during  the  dry- 
ing of  the  paints  and  the  presence  of  which  might  affect  the 
results  obtained.  The  apparatus  was  placed  in  a  dark  cor- 
ner of  the  laboratory  and  the  flasks  containing  the  films  of 
paint  were,  of  course,  submerged  in  water,  so  that  practically 
all  light  was  excluded  from  the  oxidizing  films. 

Procedure 

The  buret  was  filled  with  pure  oxygen,  and  oxygen  was 
blown  through  the  flask  untU  all  the  air  was  displaced.  The 
cloths  on  the  frame  were  weighed,  coated  with  enough  paint 
to  give  an  even  film  without  running  or  segregating,  and  again 
weighed.  Approximately  the  same  amount  of  paint  (1.8 
grams,  corresponding  to 
about  0.72  gram  of  oU) 
was  taken  in  each  exper- 
iment, and  the  sample 
was  spread  out  to  a  film 
of  the  same  area  in  each 
case.  After  the  sample 
was  weighed  the  cloths 
were  suspended  in  the 
flask,  the  flask  was 
rinsed  out  again  with 
the  oxygen,  and  the  stop- 
per was  forced  firmly 
into  position.  The 
amount  of  oxygen  in  the 
system  was  adjusted  un- 
til the  buret  contained 
exactly  100  cc.  of  oxy-  i. 
gen  when  connected  with  iMi 
the  flask  and  when  the  jf,(j_  j 

entire    system    was    at 

atmospheric  pressure.  The  reading  on  the  manometer 
between  the  comparison  bulb  and  the  capillary  tube,  and  the 
barometric  pressure  and  the  temperature  of  the  buret  were 
noted.  At  intervals,  as  the  oxygen  was  absorbed,  the  level 
of  the  mercury  in  the  buret  was  raised  until  the  manometer 
was  restored  to  its  origmal  reading  and  the  volume  and  the 
temperature  of  the  unabsorbed  oxygen  in  the  buret  were  ob- 
served. From  the  readings  thus  taken  the  weights  of  oxygen 
absorbed  during  the  various  intervals  of  time  were  calculated. 
After  each  reading  the  system  was  left  standuig  under  a  pres- 
sure slightly  greater  than  atmospheric,  while  before  each  read- 
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ing  the  pressure  within  the  system  was  slightly  less  than  the 
initial  pressure,  so  that  the  average  pressure  was  substantially 
equal  to  the  initial  atmospheric  pressure.  Since  the  readings 
were  taken  at  frequent  intervals  the  variations  in  pressure 
were  so  slight  as  to  be  negligible.  Several  times  during  each 
run  the  sample  of  paint  was  removed  from  the  flask  and 
weighed.  From  the  data  thus  obtained  the  amount  of  vola- 
tile matter— the  difference  between  the  actual  weight  of  the 
sample  and  the  sum  of  the  original  weight  of  the  sample  plus 
the  weight  of  the  absorbed  oxygen — was  determined.  When- 
ever the  flask  was  opened  to  remo^-e  the  sample  for  weighing, 
the  entire  system  was  blown  out  with  oxygen  to  remove  any 
gaseous  impurities  that  might  have  escaped  absorption  bj^  the 
soda  lime  or  the  sulfuric  acid.  No  difference  was  ever  ob- 
served between  the  rates  of  absorption  inmiediately  before 
and  immediately  after  sweeping  out  the  system  in  this  way, 
so  that  any  unabsorbed  volatile  matter,  if  present,  had  no 
appreciable  effect  upon  the  rate  of  absorption  of  oxygen. 
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Cl/ffViT  I. 

Mateeials  Used 
The  linseed  oil  used  in  these  experiments  showed  the  follow- 
ing analysis: 

Specific  gravity  at  13°  C 0.9335 

Iodine  number  (Hanus) 189 

Saponification  number 196 

Acid  number 0.83 

Refractive  index  at  15°  C 1.4086 

To  this  oil  was  added  an  amount  of  drier  solution,  prepared 
from  lead  linoleate  and  linseed  oil,  sufficient  to  give  0.2  per 
cent  of  lead  in  the  finished  veliicle.  This  oil  containing  the 
lead  drier  was  used  in  all  the  experiments  unless  otherwise 
noted. 

The  pigments  used  in  making  up  the  paints  were:  sUex, 
barium  sulfate  (precipitated).  Carter  process  white  lead,  zinc 
white  (Florence  green  seal),  lithopone  (70  per  cent  barium 
sulfate,  30  per  cent  zinc  sulfide),  basic  sulfate  of  lead, 
leaded  zinc  (25  per  cent  lead  sulfate,  75  per  cent  zinc  o.xide), 
titanox  pigment— all  furnished  by  a  paint  manufacture;  and 
barium  sulfate  (precipitated  from  barium  chloride)  prepared 
in  the  laboratory. 

From  each  of  these  pigments  a  paint  was  prepared  by  mix- 
ing 33.3  grams  of  the  pigment  with  50  grains  of  the  vehicle 
(oil  containing  the  lead  drier)  and  grinding  the  mixture 
thoroughly  to  secure  uniform  incorporation.  Each  paint  was 
allowed  to  stand  in  a  tightly  sealed  container  for  about  3 
weeks  before  use. 

Rate    of   Oxygen  Absorption  by   Vehicle   Alone 

The  first  experiments  were  made  to  determine  the  rate  of 
absorption  of  oxygen  by  the  vehicle  alone.  Two  such  runs 
were  made  in  order  to  find  out  whether  or  not  the  method 
used  would  give  consistent  results.  The  results  of  these 
experiments  are  shown  graphically  by  Curve  I-A  in  which 
the  amounts  of  oxygen  absorbed  by  the  oU  and  the  amounts 
of  volatile  products  formed  during  the  oxidation  (each  ex- 
pressed in  terms  of  percentage  by  weight  of  the  original  oil) 


are  plotted  against  the  lengths  of  time  of  exposure.  The  re- 
sults obtained  in  the  two  experiments  were  in  very  close  agree- 
ment. In  each  case  the  oil  oxidized  rapidly  at  first,  but  the 
rate  of  oxidation  decreased  progressively  and  became  very 
slow  indeed  after  about  300  hours.  The  actual  weight  of  the 
oxygen  absorbed  during  the  period  of  observation  was  about 
36  per  cent  of  the  original  weight  of  the  oU. 

It  will  be  observed  that  at  the  very  beginning  of  the  oxida- 
tion there  was  a  "period  of  induction"  during  which  the 
absorption  of  oxygen  proceeded  relatively  slowly.  This 
would  seem  to  indicate  that  the  lead  linoleate  was  not  the  real 
catalytic  agent  in  the  oxidation  of  the  oil — or,  at  least,  that 
the  lead  linoleate  was  not  the  only  catalytic  agent  which 
accelerated  the  di'ying.  Apparently,  there  was  being  formed, 
during  this  period  of  induction,  some  oxidation  product 
which  served  to  promote  the  union  of  the  oxygen  with  the  oil. 
These  results  support  the  hypothesis,  which  has  been  ad- 
vanced by  a  number  of  investigators,  that  the  oxidation  of 
linseed  oil  is  an  autocatalytic  reaction.^ 

The  formation  of  volatUe  matter  by  the  oxidation  of  the 
oil  proceeded  rapidly  at  first,  but  more  slowly  as  the  rate  of 
oxidation  decreased.  The  total  amount  of  volatile  matter 
formed  during  the  period  of  observation  was  about  26  per  cent 
of  the  original  weight  of  the  oil. 

For  purposes  of  comparison,  a  run  was  made  to  determine 
the  rate  of  oxidation  of  the  linseed  oil  alone,  without  drier. 
The  oil  used  was  from  the  same  lot  as  that  used  in  making  the 
vehicle  employed  in  the  experiment  described  above.  The 
results  are  shown  graphically  by  Curve  I-B.  The  oxidation 
of  the  oil  alone  proceeded  much  more  slowly  than  did  the  oxi- 
dation of  the  oil  containing  the  lead  drier.  The  total  amount 
of  ox-j'gen  absorbed  during  the  period  of  observation  was 
somewhat  less  than  the  amount  taken  up  by  the  oil  containing 
the  lead  linoleate,  but  from  the  slopes  of  the  cmves  it  appears 
probable  that  the  oil  alone  would  ultimately  absorb  as  much 
oxj'gen  as  would  the  oil  made  up  with  the  drier.  The  form 
of  the  oxidation  curve  is  rather  interesting.  During  the  first 
15  hours  oxidation  took  place  very  slowly.  After  this  "period 
of  induction"  the  oil  absorbed  oxygen  at  an  almost  uniform 
rate  until  about  27  per  cent  of  o.xj'gen  had  been  taken  up. 
The  fact  that  the  rate  was  constant  throughout  this  period 
instead  of  decreasing  as  the  oxidation  proceeded  may  indicate 
that  the  formation  of  the  autocatalyst  was  not  completed 
during  the  first  period  of  induction,  but  continued  throughout 
at  least  the  early  part  of  the  period  of  oxidation.  The  break 
in  the  oxidation  curve  at  the  end  of  the  first  200  hours  corre- 
sponded with  the  point  at  which  the  oil  hardened. 
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Volatile  matter  was  given  off  rapidly  during  the  first  20 
hours'  exposure.  The  liigh  rate  of  volatihzation  during 
this  period  may  have  been  due,  in  part  at  least,  to  the  simple 
evaporation  of  certain  volatile  compounds  present  in  the  oil 

•Fahrion,  Chtm.  Zig.,  28,  1196  (1904);  Genthe,  Z.  aneew.  Chem.,  19, 
2087  (1906);  Orlo£f,  /.  Russ.  Phys.-Chem.  Soc,  43,  1509  (1911). 
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at  the  beginning  of  the  experiment.  Following  this  first 
period  of  rather  rapid  evaporation,  volatile  matter  was  given 
off  slowly  at  first  and  then  more  rapidly  until  the  hardening 
point  of  the  oil  was  reached.  From  this  point  until  the  end 
of  the  experiment  the  evolution  of  volatile  matter  continued 
rather  slowly.  It  will  be  observed  that  the  oil  without  the 
drier  gave  slightly  more  volatile  matter  than  did  the  oil  to 
which  the  drier  had  been  added. 
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SiLEX  Added 

The  rate  of  drying  of  a  paint  made  from  silex  and  the  ve- 
hicle is  shown  on  Curve  II.  For  purposes  of  comparison,  the 
curves  for  the  vehicle  alone,  without  pigment,  are  also  shown. 
In  these  curves,  as  in  all  the  curves  accompanying  this  article, 
the  amounts  of  oxygen  absorbed  and  of  volatile  matter  given 
off  are  expressed  in  terms  of  percentages  by  weight  of  the  oil 
in  the  sample  of  paint  exposed. 

It  will  be  observed  that  the  addition  of  the  silex  did  not 
materially  affect  either  the  rate  of  absorption  of  oxygen 
or  the  rate  of  formation  of  volatile  matter.  The  slight 
differences  which  were  produced  by  the  presence  of  the  sUex 
may  or  may  not  be  significant.  Apparently,  this  pigment 
accelerated  the  rate  of  formation  of  the  autocatalyst  and  thus 
shortened  the  period  of  induction.  After  about  the  fifth 
hour  the  rate  of  oxidation  began  to  decrease  slightly,  owing 
possibly  to  the  effect  of  the  silex  in  increasing  the  thickness 
of  the  film  and  thus  increasmg  the  distance  through  which 
the  oxygen  must  diffuse  to  reach  the  unoxidized  oU.  After 
about  the  fiftieth  hour  this  effect  began  to  disappear.  That 
silex  does  not  permanently  decrease  the  rate  of  oxidation 
may  be  explained  by  assummg  that  in  the  later  stages  of  the 
oxidation  the  actual  rate  of  combination  of  the  oil  with  oxj'gen, 
rather  than  the  rate  of  diffusion,  becomes  the  controlhng  fac- 
tor in  determining  the  rate  of  reaction;  or  it  may  be  explained 
by  the  hypothesis  that  the  silex  tends  slightly  to  delay  the 
hardening  of  the  oil  and  thus  keeps  the  film  somewhat  more 
permeable  to  ox>'gen  during  the  later  stages  of  the  reaction. 
After  about  110  hours  the  oxidation  curve  for  the  silex  paint 
was  substantially  identical  with  the  oxidation  curve  for  the 
vehicle  alone.  These  results  indicate  that  silex  has  little 
specific  effect  upon  the  rate  of  oxidation  of  hnseed  oil. 

Carter  White  Lead  Added 

The  effect  of  Carter  process  white  lead  is  shown  by  Curve 
III.  In  this  case,  as  in  the  case  of  the  sUex,  the  addition  of 
the  pigment  increased  the  thickness  of  the  film  and  therefore 
slightly  retarded  the  absorption  of  oxygen  dm-ing  the  earlier 
stages  of  drymg.  Unlike  the  sUex,  however,  the  white  lead 
increased  the  total  amount  of  oxygen  ultimately  absorbed  by 
the  oil.  This  drying  effect  became  apparent  after  about  100 
hours'  exposure.  The  total  amount  of  oxygen  taken  up  in 
400  hours  was  about  39  per  cent  of  the  weight  of  the  oil,  while 


the  vehicle  alone  absorbed  only  about  36  per  cent;  the  total 
amount  of  volatile  matter  formed  was  about  32  per  cent, 
while  the  vehicle  without  the  pigment  evolved  only  about 

26  per  cent.  It  is  apparent,  therefore,  that  the  Carter  process 
white  lead  does  have  some  effect  in  increasing  the  amount  of 
oxygen  absorbed  by  linseed  oil,  although  this  effect  is  not 
apparent  during  the  earlier  stages  of  the  oxidation. 

Effect  of  Basic  Lead  Sulfate 

Cur^•e  IV  shows  the  effect  of  the  basic  lead  sulfate.  This 
pigment  gave  results  somewhat  simDar  to  those  obtained  with 
Carter  process  white  lead,  but  the  retarding  effect  in  the 
earlier  stages  of  the  drying  was  more  pronounced  and  con- 
tinued for  a  longer  time,  while  the  accelerating  effect  in  the 
later  stages  of  the  oxidation  was  not  so  great.  The  differ- 
ences between  the  effects  of  the  two  pigments  may  be  due  to 
the  smaller  particle  size  and  the  slighter  basicity  of  the  basic 
sulfate.  Being  finer  than  the  wliite  lead,  the  sulfate  might 
be  expected  to  interfere  more  seriously  with  the  diffusion. 
The  sulfate  pigment  is  less  strongly  basic  that  the  carbonate 
white  lead,  and  therefore  does  not  react  so  readily  with  the  oil 
to  form  the  lead  salts,  which  tend  to  act  as  oxygen  carriers  and 
to  compensate  in  part  for  the  delay  caused  by  the  slower  diffu- 
sion. 

Effect  of  Lithopone 

The  results  obtained  with  the  paint  made  from  lithopone 
are  shown  in  Curve  V.  It  will  be  observed  that  hthopone 
retards  the  rate  of  o.xidation  and  decreases  both  the  amount  of 
oxj^gen  absorbed  and  the  amount  of  volatile  matter  given  off. 
The  total  amount  of  oxygen  absorbed  in  400  hours  was  only 

27  per  cent  of  the  original  weight  of  the  oil;  the  total  amount 
of  volatile  matter  produced  was  only  16.4  per  cent  of  the 
weight  of  the  oil.  It  is  interesting  to  note  that  if  the  effect 
of  the  lithopone  upon  the  di-ying  of  the  oil  had  been  measured 
simply  by  determining  the  change  in  weight  of  the  fUm, 
the  results  would  have  led  to  the  very  incorrect  conclusion 
that  this  pigment  accelerates  the  oxidation  and  does  not  affect 
the  amount  of  oxygen  ultimately  absorbed. 
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Effect  of  Titanox  Pigment 

The  effect  of  the  titanox  pigment,  as  shown  by  Curve  VI, 
was  very  similar  to  that  of  the  hthopone.  The  titanox  de- 
creased the  rate  of  absorption  of  ox-j^gen  and  of  evolution  of 
volatile  matter,  and  decreased  the  amount  of  oxygen  absorbed 
and  the  amount  of  volatile  matter  given  off. 

Effect  of  Leaded  Zinc  Pigment 

The  behavior  of  the  paints  made  from  the  leaded  zinc 
pigment  is  shown  by  Curve  VII.  With  these  paints  two  runs 
were  made.  In  each  case  the  paint  absorbed  oxygen  more 
slowly  than  did  the  vehicle  alone,  and  the  amount  of  oxygen 
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taken  up  and  the  amount  of  volatile  matter  given  off  were 
much  smaller  than  in  the  case  of  the  vehicle  without  pigment. 
In  the  first  experiment  (Curve  VII-A)  the  absorption  of 
oxygen  took  place  rapidly  during  the  first  55  hours  and  then 
stopped.  Volatile  matter  was  given  off  rapidly  at  first, 
but  slowly  after  tlie  fifty-fifth  hour.  The  breaks  in  the  two 
curves  occurred  simultaneously  with  the  setting  of  the  paint. 
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In  the  second  experiment  (Curve  VII-B)  the  paint  began  to 
set  in  about  40  hours,  but  the  setting  and  hardening  were  not 
complete  untU  about  the  end  of  1 10  hours.  The  total  amount 
of  oxygen  taken  up  was  the  same  as  in  the  first  run.  Because 
of  the  fact  that  the  film  did  not  harden  so  quicldy  but  re- 
mained permeable  for  a  somewhat  longer  time,  more  volatile 
matter  was  given  off  in  the  second  run  than  in  the  first. 

A  certain  similarity  may  be  observed  in  the  behavior  of  the 
paints  made  from  lithopone,  titanox,  and  leaded  zinc.  In 
each  case  the  pigment  retards  the  absorption  of  oxygen  and 
the  evolution  of  volatile  matter  and  decreases  the  amount  of 
o.xygen  ultimately  absorbed  and  the  amount  of  volatile  mat- 
ter ultimately  given  off.  This  decrease  in  the  rate  and  extent 
of  oxidation  does  not  necessarily  increase  the  time  required 
for  the  paint  to  become  dry,  since  some  of  these  pigments 
cause  the  paint  to  set  and  harden  at  an  early  stage  in  the 
oxidation. 

Effect  of  Barium  Sulfate 

Barium  sulfate  as  a  paint  pigment  gave  some  very  interest- 
ing results  (Curve  VIII).  In  the  first  run,  made  with  the 
barium  sulfate  furnished  by  a  paint  manufacturer,  the  pig- 
ment retarded  the  oxidation  and  decreased  the  amount  of 
oxygen  absorbed  (Curve  VIII-A).  These  results  were  con- 
trary to  anticipations.  Since  barium  sulfate  is  theoretically 
an  inert  pigment,  it  was  expected  that  it  would  give  results 
similar  to  those  obtained  with  silex — i.  e.,  that  it  would  re- 
tard the  rate  of  oxidation  but  not  materially  affect  the  total 
amount  of  oxygen  ultimately  absorbed.  Upon  examination, 
it  was  found  that  the  pigment  used  contained  appreciable 
quantities  of  sulfides — presumably,  barium  or  sodium  sulfide 
carried  down  with  the  pigment  in  the  original  precipitation 
and  not  removed  by  the  subsequent  washing.  The  unex- 
pected behavior  of  the  paint  made  with  this  pigment  may 
have  been  due  to  the  presence  of  tliis  sulfide. 

A  sample  of  barium  sulfate  was  prepared  in  the  laboratory 
by  adding  an  excess  of  a  dilute  solution  of  barium  chloride 
to  dilute  sulfuric  acid  and  washing  and  drying  the  resulting 
precipitate.  This  pigment  was,  of  course,  free  from  sulfides, 
but  it  did  contain  a  small  amount  of  adsorbed  barium  chloride. 
With  a  paint  made  from  this  pigment  two  runs  were  made. 
The  results  obtained  were  practically  identical,  and  are  shown 
by  Curve  VIII-B.  The  barium  sulfate  made  in  the  labora- 
tory, like  the  commercial  product,  retarded  the  oxidation  in 
the  initial  stages  of  the  reaction  and  decreased  the  total 
amount  of  oxygen  taken  up,  although  its  effect  in  cutting 


down  the  amount  of  oxidation  was  not  so  pronounced.  The 
amount  of  volatile  matter  was  very  greatly  increased  and  was 
always  greater  than  the  amount  of  oxygen  absorbed,  so  that 
the  film  of  paint  decreased  in  weight  continuously  from  the 
beginning  to  the  end  of  the  period  of  exposure.  The  amount 
of  volatile  matter  given  off  was  more  than  half  the  weight  of 
the  oil  in  the  original  film,  and  the  final  film  was  very  thin  and 
dry.  The  sulfuric  acid  placed  in  the  reaction  chamber  to 
absorb  the  volatile  matter  became  almost  black  and  had  the 
odor  of  burnt  sugar;  whereas  in  all  the  other  experiments  the 
acid  darkened  only  slightly  and  remained  odorless.  Further- 
more, the  oxidation  products  from  the  oil  attacked  and  cor- 
roded the  copper  frame  on  wliich  the  cloths  were  supported. 
No  evidence  of  such  corrosion  was  observed  in  any  of  the  other 
experiments.  Obviously,  the  barium  sulfate  in  this  paint 
affected  not  only  the  rate  at  wliich  the  oxidation  proceeded, 
but  also  the  nature  of  the  oxidation  reaction  and  the  character 
of  the  products  formed  thereby. 

Effect  of  Zinc  Oxide 

With  the  zinc  oxide  paint  four  runs  were  made  and  four  dis- 
tinctly different  sets  of  results  were  obtained.  These  results 
are  shown  graphically  by  Curve  IX.  It  will  be  observed  that 
in  each  case  the  initial  rate  of  absorption  of  oxygen  was  much 
lower  than  the  rate  of  absorption  by  the  vehicle  without  pig- 
ment. This  might  be  expected,  since  zinc  oxide  is  a  very 
finely  divided  pigment  and  should  tend  greatly  to  reduce  the 
rate  of  diffusion  of  oxygen  into  the  oil.  It  will  also  be  noted 
that  in  each  case  the  total  amount  of  oxygen  absorbed  during 
the  period  of  observation  was  less  than  the  amount  absorbed 
by  the  free  vehicle  in  simOar  time,  and  that  the  amount  of 
volatile  matter  given  off  was  less  than  the  amount  evolved  by 
the  vehicle  alone  under  similar  conditions. 

In  the  first  experiment  (Curve  IX-A)  the  absorption  of 
oxygen  took  place  uniformly  and  fairly  rapidly  during  the  first 
120  hours  and  very  much  more  slowly  thereafter.  The  rate  of 
evolution  of  volatile  matter  was  very  slow  at  first,  but  in- 
creased rapidly  during  the  first  120  hours.  At  the  end  of 
this  time  there  was  a  sharp  break  in  the  volatile  matter  curve, 
and  during  the  latter  part  of  the  run  volatile  matter  was  given 
off  slowly  and  at  a  fairly  uniform  rate.  The  form  of  the  curve 
during  the  earlier  stages  of  drying  suggests  that  the  oxidation 
of  linseed  oil  may,  under  certain  conditions,  proceed  in  a 
number  of  more  or  less  consecutive  stages,  and  that  the  pro- 
duction of  volatile  matter  is  less  rapid  during  the  primary 
stages  of  the  oxidation. 
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In  the  second  experiment  (Curve  IX-B)  the  initial  oxidation 
took  place  somewhat  more  rapidly,  although  not  so  rapidly  as 
in  the  case  of  the  veliicle  alone.  The  paint  began  to  harden 
after  about  40  hours'  exposure,  and  was  hard  at  the  end  of 
90  hours.  The  curve  for  the  e\-olution  of  volatile  matter 
showed  neither  the  rapid  rise  nor  the  abrupt  break  that  were 
observed  in  the  first  run.     In  this  second  experiment  the  paint 
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began  to  set  before  the  reaction,  which  is  responsible  for  the 
formation  of  most  of  the  volatile  matter,  could  proceed  to  any 
considerable  extent. 

In  the  third  run  (Curve  IX-C)  the  rate  of  oxidation  during 
the  early  part  of  the  reaction  was  identical  with  that  in  the 
second  experiment.  The  setting  occurred  suddenly,  however, 
after  about  40  hours'  exposure.  It  will  be  noted  that  the 
break  in  the  oxidation  curve  at  this  point  is  very  abrupt. 
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In  the  fourth  experiment  (Curve  IX-D)  the  rate  of  oxidation 
during  the  first  40  hours  was  the  same  as  that  in  the  second 
and  the  third  runs.  Setting  took  place  suddenly  at  the  end  of 
the  fortieth  hour.  Apparently,  the  film  obtained  by  the  set- 
ting of  this  sample  was  very  much  less  pervious  than  the 
hardened  film  in  the  thu'd  experiment,  since  very  little  oxygen 
was  absorbed  and  very  little  volatile  matter  was  produced 
after  setting  occurred.  In  this  last  ex-periment,  the  paint 
made  from  zinc  white  gave  results  very  similar  to  those  ob- 
tained in  the  first  run  with  the  paint  containing  leaded  zinc. 

In  the  case  of  the  zinc  oxide  paint,  therefore,  four  samples 
gave  four  different  types  of  results.  The  differences  in  the 
results  may  be  explained  by  the  fact  that  the  various  samples 
set  and  hardened  at  different  rates  and  at  different  stages  in 
the  oxidation,  and  gave  films  of  different  hardnesses  and 
permeabilities.  In  the  first  run  setting  took  place  rather 
gradually,  but  after  about  125  hours  the  set  film  underwent  a 
sudden  hardening  that  markedly  decreased  its  permeability; 
in  the  second  experiment  the  setting  and  hardening  took  place 
at  an  earlier  stage  in  the  oxidation,  but  less  suddenly;  in  the 
third  and  fourth  runs  setting  and  hardening  were  practically 
simultaneous  and  took  place  suddenly,  but  the  hardened  films 
differed  in  permeability.  There  is  no  apparent  reason  for 
the  fact  that  four  samples  of  the  same  paint,  when  exposed 
under  as  nearly  as  possible  identical  conditions,  set  and 
hardened  at  different  stages  in  the  oxidation  and  formed  films 
of  different  permeabilities. 

Conclusions 

Evidence  has  been  secured  in  support  of  the  hypothesis  that 
the  drying  of  linseed  oil  is  an  autocatalytic  reaction.  The 
real  catalyst  is  an  oxidation  product  of  the  oil  itself.  The 
well-known  effect  of  lead  salts  in  accelerating  the  drying  of 
the  oil  is  due  to  the  fact  that  these  salts  act  as  pseudo-catalysts 
to  promote  the  formation  of  the  autocatalysts  and  thus  in- 
crease the  rate  of  oxidation  when  the  oil  is  first  exposed  to 
the  air.  The  lead  drier  does  not  appear  to  have  any  marked 
effect  upon  the  total  amount  of  oxygen  ultimately  absorbed 
by  the  oU  in  diying. 

The  addition  of  a  pigment  to  the  oil  may  have  a  marked 
effect  upon  the  rate  of  absorption  of  oxygen  and  the  rate  of 
evolution  of  volatOe  matter,  and  upon  the  amount  of  oxygen 
absorbed  and  the  amount  of  volatile  matter  given  off.  Upon 
the  basis  of  their  effects  upon  the  oxidation  of  linseed  oil  we  may 
distinguish  several  more  or  less  separate  groups  of  pigments. 


The  pigments  of  the  first  group,  of  which  sUex  is  an  example, 
have  little  or  no  effect  on  the  oxidation  other  than  that  due  to 
the  fact  that  they  increase  the  thickness  of  the  film  and  thus 
decrease  the  rate  of  diffusion  of  oxygen  into  the  oU.  Such 
pigments  retard  the  oxidation,  but  do  not  appreciably  alter 
the  amount  of  oxygen  ultimately  absorbed  or  the  amount  of 
volatile  matter  ultimately  evolved. 

The  pigments  of  the  second  group,  which  includes  such  ap- 
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parently  dissimilar  substances  as  leaded  zinc,  lithopone, 
titanox,  and  barium  sulfate  contaminated  with  a  small  amount 
of  sulfides,  slow  down  the  oxidation  and  the  evolution  of  vola- 
tile matter  and  materially  decrease  the  amount  of  oxygen 
absorbed  and  the  amount  of  volatile  matter  given  off.  Such 
pigments  appear  to  owe  their  effects,  in  part  at  least,  to  the 
fact  that  they  cause  the  oil  to  harden  at  an  earher  stage  in 
the  oxidation  than  does  linseed  oil  without  pigment.  Such 
pigments  may  or  may  not  shorten  the  apparent  drying  time. 
If  the  pigment  greatly  decreases  the  initial  rate  of  oxidation 
or  if  it  has  comparatively  httle  effect  in  accelerating  gel- 
atinization,  the  drying  time  may  be  increased;  if  the  pigment 
greatly  accelerates  gelatinization  or  if  it  only  slightly  retards 
o.xidation,  it  may  shorten  the  time  required  for  the  paint 
to  set  and  diy.  It  is  to  be  expected  that  such  pigments  may 
affect  the  character  of  the  paint  film — the  hardness,  brittle- 
ness,  etc. — not  only  by  their  mechanical  action  as  aggregates 
in  the  paint  concrete,  but  also  by  determining  the  degree  of 
oxidation  of  the  oil  in  the  hardened  film,  the  amount  of  oU 
lost  by  the  formation  of  vapors,  and  the  rapidity  with  which 
the  solidification  of  the  oil  proceeds.  Future  investigation 
of  the  exact  effects  of  various  substances  on  the  hardening 
of  linseed  oil  may  afford  information  which  will  enable  us  more 
closely  to  control  the  characteristics  of  the  paint  films. 


The  third  group  of  paint  pigments  includes  those  which 
tend  to  increase  the  amount  of  oxygen  absorbed  by  the  oil  and 
the  amount  of  volatile  matter  given  off.  This  group  includes 
such  pigments  as  Carter  white  lead  and  basic  lead  sulfate. 
These  substances  generally  tend  to  retard  the  initial  oxidation. 
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the  retardation  being  due,  presumably,  to  the  fact  that  the 
pigment  interferes  somewhat  with  the  diffusion  of  the  oxygen 
into  the  film.  During  the  latter  stages  of  the  oxidation  the 
pigment  acts  as  a  drier  to  increase  the  amount  of  oxygen 
absorbed  by  the  oil.  The  very  fine  and  only  slightly  basic 
sublimed  white  lead  more  markedly  retarded  the  initial  oxida- 
tion and  less  markedly  accelerated  the  final  oxidation  than 
did  the  coarser  and  more  strongly  basic  Carter  process  white 
lead. 
The  beha^dor  of  zinc  white  is  very  interesting.     In  some 


cases  this  pigment  acts  as  an  inert  pigment  like  silex — it 
decreases  the  initial  rate  of  oxidation  but  does  not  materially 
decrease  the  amount  of  ox>'gen  ultimately  taken  up  or  the 
amount  of  oxygen  ultimately  evolved.  In  other  cases  the 
zinc  oxide  behaves  like  lithopone  or  leaded  zinc  in  that  it 
causes  the  oil  to  harden  at  an  early  stage  in  the  oxidation  and 
thus  decreases  the  amount  of  oxygen  absorbed  and  the  amount 
of  vapors  given  off. 

Further  work  on  the  study  of  the  effect  of  pigments  on  the 
drying  of  linseed  oil  is  in  progress. 


The  Vapor  Pressures  of  Some  Substances  Found  in 

Coal  Tar" 


By  F.  Spencer  Mortimer  and  Ray  V.  Murphy 
ImNois  Wesleyan  University,  Bloomincton,  Ili.. 


THE  purposes  of  this 
article  are  (1)  to  de- 
scribe a  simple  yet 
reliable  method  for  the 
measurement  of  vapor  pres- 
sures of  organic  compounds, 
and  (2)  to  present  the  re- 
sults of  measurements  up- 
on some  commercially  im- 
portant substances    found 

in    coal     tar — viz.,     carbazol,    phenanthrene,     anthracene, 
fluorene,  acenaphthene,  and  naphthalene. 

Smith  and  Menzies^  have  reviewed  the  principles  under- 
lying the  exact  measurement  of  vapor  pressures,  and  more 
recently  Nelson  and  Senseman^  have  given  a  brief  but  ex- 
cellent summary  of  the  literature  relative  to  these  particular 
substances.  It  is  manifestly  unnecessary  to  further  survey 
the  history  of  the  subject  at  this  time. 

The  Apparatus  and  Its  Manipulation 

The  apparatus  employed  for  measuring  the  vapor  pres- 
sures is  a  modification  of  the  static  isoteniscope  method  de- 
scribed by  Smith  and  Menzies.''  (Fig.  1)  It  is  simple  in 
design  and  is  constructed  of  such  materials  as  are  com- 
monly found  around  laboratories  of  moderate  means.  Only 
the  essential  parts  of  the  apparatus  need  be  described. 

The  construction  of  the  isoteniscope  is  evident  from  Fig.  1. 
The  manometer,  M,  is  of  the  ordinary  open-tube  type  fitted  with 
an  accurate  wooden  scale.  It  is  shielded  from  the  heat  of  the 
heating  bath.  The  usual  precautions  as  to  purity  of  the  mercury 
and  diameter  of  the  tube  must  be  observed.  Very  rapid  and  effi- 
cient stirring  is  accomplished  by  a  small,  high-speed,  direct- 
connected  motor.  The  heating  bath.  A,  is  a  2o0-cc.  Pyrex 
beaker  containing  a  suitable  liquid.  In  this  work  glycerol  for 
the  low  and  the  eutectic  mixture  of  the  nitrates  of  sodium  and 
potassium  for  the  higher  temperatures  are  used.  Heating  is 
accomplished  by  a  Tirrill  burner,  the  flame  of  which  is  easily 
regulated  to  produce  either  rapid  or  slow  changes  of  temperature. 
Temperatures  of  the  heating  bath  are  read  by  means  of  short- 
stem  boiling-point  thermometers  graduated  to  0.2  degree. 
These  thermometers  have  the  advantage  that  they  can  be  im- 
mersed completely  in  the  bath  and  the  stem  correction  is  thus 
avoided.  A  pump,  H,  is  used  for  reducing  the  pressures  and  a 
20-liter  bottle,  G,  serves  as  reservoir.  The  complete  apparatus 
is  set  up  as  a  single  unit  on  a  small  table  fitted  with  two  rigid 
uprights  and  crossbar  as  shown  in  the  diagram. 


A  simple  method  for  determining  vapor  pressures  of  organic 
compounds  has  been  described. 

The  vapor  pressures  of  naphthalene,  acenaphthene,  fluorene, 
phenanthrene,  anthracene,  and  carbazol  have  been  determined  and 
the  results  compared  with  other  published  data. 

The  latent  heals  of  vaporization,  the  sublimation  pressures  of 
anthracene  and  carbazol,  and  the  heats  of  sublimation  have  been 
calculated. 


1  Received  May  7,  1923. 

'  J.  Am.  Chem.  Soc.  32,  1412  (1910). 

I  This  Journal.  14,  58  (1922). 


To  manipulate  the  appa- 
ratus, the  bulb  of  the  iso- 
teniscope is  cut  off  from  the 
U-tube  and  charged  with 
such  an  amount  of  the  mate- 
rial to  be  studied  that,  when 
melted,  it  will  about  half  fill 
the  bulb  and  the  U-tube  to 
some  distance  below  the  two 
smaller  bulbs.  It  is  then  re- 
sealed  to  the  U-tube  and 
clamped  into  position.  The 
pressure  in  the  closed  system 
is  brought  to  the  highest  value  to  be  observed  by  pumping  in 
air  through  the  stopcock,  7,  or  by  diminishing  the  pressure  by 
means  of  the  pump.  The  temperature  of  the  bath  is  then  raised 
until  the  liquid  in  the  isoteniscope  boils  freely,  Ci  being  open. 
After  the  liquid  has  boiled  for  about  1  minute  to  drive  out  gases 
and  volatile  impurities  and  furnish  sufficient  liquid  for  the  U- 
tube,  the  temperature  is  permitted  to  fall  slowly  at  a  rate  not 
to  exceed  0.2  degree  per  minute  at  the  higher  temperatures  or 
0.5  degree  at  the  lower  pressures.  Eventually,  a  temperature 
is  reached  at  which  ebullition  ceases  and  the  level  of  the  liquid 
in  the  arm  of  the  U-tube  joining  B  begins  to  fall.  When  the 
levels  in  the  two  arms  of  the  U-tube  are  equal,  Ci  is  closed  and 
the  temperature  of  the  bath  is  read.  The  difference  between 
the  levels  of  the  mercury  in  the  manometer  is  then  noted.  The 
algebraic  sum  of  this  reading,  after  correction,  and  the  corrected 
atmospheric  pressure  is  the  vapor  pressure  at  the  temperature 
observed.  Ci  is  again  opened,  the  temperature  raised,  and  the 
boiling-out  process  repeated,  followed  by  a  repetition  of  the  read- 
ings as  just  outlined.  A  sufficient  number  of  checks  are  thus 
made  to  insure  the  accuracy  of  the  results.  For  the  next  meas- 
urement the  pressure  is  slowly  diminished  until  the  liquid  again 
boils  at  a  somewhat  lower  temperature,  after  which  the  process 
described  above  is  repeated,  checking  each  reading  after  a  second 
or  third  boiling  of  the  liquid. 

It  has  been  found  advisable  to  adopt  this  procedure  in 
place  of  that  more  commonly  used  in  which  the  liquid  in 
the  isoteniscope  is  brought  to  constant  temperature  and  the 
external  pressure  adjusted  to  equal  the  vapor  pressure  of  the 
liquid.  The  procedure  described  above  is  more  rapid  and 
for  tliis  apparatus,  at  least,  is  more  accurate. 

The  use  of  thermometers  instead  of  thermocouples  and  the 
noninsulated,  gas-heated  bath  instead  of  the  more  elaborate 
electrically  heated  types  may  be  criticized.  The  writers 
believe,  however,  that,  judging  from  the  log  P  against  1/T 
curves  (Fig.  2)  the  data  obtained  with  this  apparatus  are  at 
least  as  accurate  as  those  obtained  with  the  more  refined 
type  used  by  Nelson  and  Senseman.' 

PUHIFICATION  OF  MATERIALS 

The  starting  material  for  each  of  the  substances  used  in 
this   work   consisted   of   fairly    high-grade  products.     The 
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carbazol  and  anthracene  were  each  repeatedly  recrystalHzed 
from  clilorobenzene  until  the  melting  points  were  245.3°  and 
216. C°  C,  respectively.  In  the  case  of  carbazol  the  nitrogen 
content  indicated  a  purity  of  over  99.0  per  cent. 

Two  of  the  most  important  impurities  in  phenanthrene  are 
anthracene  and  carbazol.  Pascal'  has  observed  that  eacli  of 
these  substances  forms  a 
series  of  mi.\ed  crystals 
with  phenantlireue,  the 
melting  points  of  which 
are  always  higher  than 
that  of  phenanthrene. 
It  is,  therefore,  mani- 
festly impossible  to  pu- 
rify phenanthrene  by  re- 
crystallization.  More- 
over, the  vapor  pressures 
of  anthracene  and  phen- 
anthrene differ  so  shghtly 
that  it  is  not  practica- 
ble to  separate  them  by 
distillation.  The  phen- 
antlirene  used  in  this 
]  investigation  was  puri- 
fied by  first  redistUling 
the  sample  followed  by  a 
partial  oxidation  with 
chromic  acid  and  acetic 
acid.  The  anthracene  is 
more  readily  o.xidized 
than  phenantlirene.  The 
anthraquinone  thus 
formed  was  removed  first 
by  reducing  to  anthranol 
with  zinc  and  caustic 
soda  and  then  washing 
the  product.  The  phen- 
^'°'  ^  antlirene  was  extracted 

with  benzene  and  recovered  by  evaporating  to  dryness.  The 
product  was  recrystaUized  once  from  alcohol  and  finally 
distilled.  The  middle  fraction  of  this  distillate  melted  at 
98.0°  C. 

The  methods  employed  for  the  purification  of  the  naph- 
thalene, fluorene,  and  acenaphthene  were  similar  in  that  each 
was  repeatedly  distilled  or  subUmed  and  recrystaUized  until 
the  melting  points  were  constant,  as  follows:  naphthalene 
80.1°  C,  fluorene  114.2°  C,  acenaphthene  94.1°  C. 

Table  I — Naph-  Table  II — .4cenaph- 

THALENE  TIIENE  TaeLE  III — FluORENE 


224.1 

223.9 

223.8 

216.4 

216.45 

202.2 

202.2 

202.1 

189.6 

189.6 

178.0 

177.3 

163.9 

160.9 

149.7 

148.7 

147.8 

132.6 

131.1 

130.25 

127.7 

113.0 


737.6 
737.6 
520.0 
519.0 
518.5 
376.2 
376.1 
275.2 
269.7 
181.8 
168.1 
117.9 
114.5 
111.4 
67.0 
63.2 
61.2 
50,1 
32.2 
18.3 
11.9 
11.4 


287.8 
287.0 
286.8 
275.4 
275.4 
275.3 
264.4 
264.4 
252.5 
252.4 
247.0 
246.6 
246.2 
233.2 
227.2 
210.4 
210.2 
182.4 


943.0 
932.3 
930.3 
733.4 
733.4 
733.4 
573.5 
573.1 
434.7 
434 . 5 
382.9 
377.9 
374.6 
272.0 
234.6 
149.0 
148.0 
63.6 
63.6 
9.2 


emper- 
ature 

Vapor 
Pressure 

°  C. 

Mm. 

300.4 

812.3 

299.8 

804.3 

295.7 

738.8 

295.7 

738.8 

295.6 

738.8 

277.1 

490.7 

276.6 

487.5 

241.4 

208. 4 

240.4 

205.5 

203.0 

70.5 

202.5 

69.5 

161.0 

18.0 

Data  Obtained 

The  data  obtained  are  shown  in  Tables  I  to  VI.  These' 
experimental  values  were  then  plotted  on  large-scale  coor- 
dinate paper  (50  x  80  cm.)  using  the  common  logarithm  of 
the  vapor  pressure  in  millimeters  of  mercury  and  the  recip- 
rocal of  the  absolute  temperature  as  the  coordinates.  This 
method  of  plotting  furnishes  a  very  useful  scheme  for  judging 
the  accuracy  of  vapor  pressure  data.  When  plotted  in  this 
way  the  points  should  lie  on  a  very  nearly  straight  line 
throughout  fairly  wide  ranges  of  pressure  (10  to  1000  mm.  at 
least).  This  then  gives  an  admirable  method  for  interpolat- 
ing, or  even  extrapolating,  data  to  somewhat  higher  or  lower 
temperatures.  Fig.  2  shows  graphically  a  reproduction  of 
some  of  the  data.  The  values  of  the  vapor  pressures  at 
rounded  temperatures  taken  from  the  log  P  vs.  1/T  curves 
are  given  in  Table  VII. 


Temper- 

°  C. 
346.8 
345.7 
.345.1 
337.1 
337.1 
325.4 
324.9 
324.5 
306.5 
306.4 
293.2 
293.2 
293.1 
271.5 
271.5 
246.1 
246.0 
233.8 
203.6 


Mm. 
883.9 
870.9 
864.4 
741.0 
741.0 
592.6 
588.7 
584.7 
399.7 
399.2 
299.9 
299.8 
299.7 
183.0 
182.9 
94.6 
94.3 
67.5 
27.2 


-.\nthracene 
Vapor 
Pressure 
Mm. 


340.5 
340.5 
340.6 
328.0 
327.9 
327.4 
313.4 
313.2 
312.8 
300.6 
300.0 
299.9 
282.1 
282.0 
260.3 
259.8 
259.4 
244.6 
244.4 
228.0 
223.2 


742.2 
742.2 
742.2 
584.0 
583.4 
577.4 
437.0 
436.2 
432.9 
334.2 
331.3 
330.4 
219.8 
219.6 
130.2 
128.3 
127.3 
86.5 
85.9 
55 , 0 
48.0 


°  C. 
.151 . 8 
351.9 
352.0 
337.5 
336.9 
336.8 
309.0 
308.3 
290.6 
290.0 
289.6 
267.3 
266.6 
266.2 
252.5 
252.6 
252.4 
244.8 
244.8 


-Carbazol 

Pressure 
Mm. 
744.0 
744.0 
744.0 
551.6 
547.4 
543.7 
298.0 
295.8 
193.1 
190.5 
187.9 
105.1 
104.5 
103.6 
70.3 
70.3 
70.0 
55.4 
55.0 


Table  VII — Vapor  Pressures  in  Millimeters  i 


100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
3,50 
Boiling 

°  C.  ' 


9.6 
13.0 
19.7 
29.3 
42.9 
61.2 
86.0 
119.0 
162.0 
218.5 
290.0 
378.5 
490.0 
630.0 
798.0 


14.7 
21.4 
30.5 
43.0 
59.3 
81.4 
109.0 
146.0 
192.0 
250.0 
323.5 
410.0 
520.0 
6.50.0 
808 . 0 
998.0 


277.3 


11.9 
17.4 
24.9 
34.8 
48.1 
05.4 
88.6 
120.4 
155.0 
202.0 
259.5 
332.0 
419.0 
527.0 
656.0 
808.0 


24.6 
33.6 
45.4 
60.5 
80.4 
104.5 
136.0 
174.0 
220.0 
279.5 
347.5 
432.0 
531.0 
648.0 
785.0 
946.0 


Mercury,  Smoothed 
Anthra- 


0.045 

0.095 

0.19 

0.38 

0.73 

1.36 

2.40 

4.10 

6.96 

11.5 

18.6 

29.2 

43.5 

58.1 

77.2 

100.0 

129.1 

165.5 

210.0 

265.0 

331.0 

409.0 

501.0 

610.0 

738.0 

888. 0 


7.45 
12.1 
18.9 
30.0 
45.1 
65.5 
87.3 
113.5 
147.0 
189.0 
215.0 
305.5 
382.5 
476.0 
586.0 
718.0 


,  29,  644  (1921). 


Discussion  of  Results 

The  results  obtained  may  now  be  compared  with  other 
published  data. 

Comparing  the  results  shown  in  the  foregoing  tables  with 
the  corresponding  data  of  Nelson  and  Senseman,'  it  will  be 
observed  that  in  the  case  of  anthracene  there  is  very  close 
agreement.  The  experimental  data  of  these  investigators  for 
anthracene  are  not  shown  in  Fig.  2  because  of  the  possibility 
of  confusion  with  those  for  phenanthrene.  It  was  observed, 
however,  that  both  sets  of  data,  when  plotted  as  described 
above,  gave  points  which  were  found  to  lie  very  nearly  on 
the  same  straight  line. 
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In  the  case  of  phenanthrene  and  naphthalene  the  results 
given  here  are  often  very  different  from  those  obtained  by 
Nelson  and  Senseman.  Inspection  of  Fig.  2  indicates  that, 
judging  from  the  standpoint  of  the  log  P  vs.  1/T  curves,  the 
data  of  Nelson  and  Senseman  are  somewhat  in  error  for  these 
substances.  In  the  case  of  phenanthrene  tliis  may  be  due  to 
the  use  of  an  impiu-e  product.  The  melting  point  of  the 
phenanthrene  used  by  them  was  100.0°  C.  This,  calculated 
from  the  melting  point  curve  (unpubUshed  data),  is  equiva- 
lent to  at  least  5  per  cent  of  anthracene,  the  presence  of  which 
would  tend  to  raise  the  boihng  point  and  lower  the  vapor 
pressure. 


i_D 


.5   a  u   u   u    id 


The  presence  of  impurities,  however,  will  not  account  for 
the  differences  in  the  case  of  naphthalene.  It  is  the  opinion 
of  the  writers  that  the  method  used  by  Nelson  and  Sense- 
man  is  at  fault,  at  least  for  substances  which  may  decompose, 
in  one  particular.  The  heating  bath  used  by  them  was 
arranged  to  give  very  slow  cooling.  The  waiters  have  found 
that  if  cooling  takes  place  too  slowly  there  may  be  sufficient 
decomposition  of  these  substances,  after  the  confining  liquid 
stops  boihng  and  before  equilibrium  is  reached,  to  cause 
appreciable  differences  in  the  measured  pressure.  At  tem- 
peratures near  the  boOing  point,  equilibrium  is  reached  more 
quickly  and  the  two  sets  of  data  are  in  fair  agreement,  the 
observed  boihng  points  being  identical  for  naphthalene. 

Apparently,  no  measurements  of  the  vapor  pressures  of 
aceuaphthene,  fluorene,  and  carbazoP  are  given  in  the  Uter- 
ature.     The  following  points  have  been  recorded,  and  are 


given  here  for  comparison:   carbazol,  338.0"  and  351.5;'   flu- 
orene, 305.0«  and  295.0;'  acenaphthene,  277.5.'" 

In  a  recent  article  Mortimer"  reviewed  the  principles  re- 
lating the  vapor  pressures  and  subhmation  pressures  with 
the  heats  of  vaporization,  sublimation,  and  fusion.  The 
data  given  in  Table  VIII  are  pertinent  to  the  calculation  of 
the  vapor  pressures  of  these  substances.  Tliis  calculation 
is  accomphshed  by  introducing  the  appropriate  values  for 
the  constants  C  and  S,  found  in  Table  VIII,  in  the  equation, 
log  P  =  C  —  S/T,  in  which  P  is  the  pressure  in  millimeters 
at  the  absolute  temperature  T.  The  corresponding  con- 
stants for  the  calculation  of  the  subhmation  pressures  of 
anthracene  and  carbazol  are  also  included.  Similar  subli- 
mation pressure  data  might  have  been  given  for  the  other 
substances,  but  on  account  of  the  greater  extrapolation 
(lower  melting  point)  the  calculation  of  sublimation  pressures 
for  these  substances  is  less  accurate. 


Table  VIII 

Absolute 

Boiling 

Calories 

Substance 

Point 

5 

C 

per  Mol 

Naphthalene 

491.0 

2-165 

7.901 

10,450 

Acenaphthene 

550.3 

2835 

8.033 

12,010 

Fluorene 

571.0 

2957 

8.059 

12,510 

Phenanthrene 

611.5 

2990 

7.771 

12,660 

Anthracene 

615.0 

3093 

7.910 

13,100 

Carbazol 

626 

33S0 

8.280 

14,310 

Anthracene  (solid) 

4595 

10.972 

19,990 

Carbazol  (solid) 

4780 

10.982 

20,710 

Column  5,  Table  VIII,  contains  the  values  of  the  molecular 
latent  heats  of  vaporization  (or  of  sublimation).  The  values 
for  the  heats  of  vaporization  have  been  calculated  from  the 
expression  L  =  4.23  X  S.  The  constant  4.23  has  been  used 
instead  of  4.58  (1.9885  X  2.303),  because  it  has  been  sho^vn" 
that  the  constant  4.58  gives  results  which  are  about  8  per 
cent  greater  than  those  determined  calorimetrically.  The 
heats  of  sublimation  for  antliracene  and  carbazol  were  calcu- 
lated by  adding  the  molecular  latent  heats  of  vaporization 
and  of  fusion. 

Finally,  a  comparison  of  the  calculated  sublimation  pres- 
sures of  anthracene  may  be  made  with  the  experimental 
results  given  by  Niederschulte.'^  It  was  found  that  the 
experimental  points  given  by  this  observer  feU  quite  closely 
to  the  calculated  log  P  vs.  1/T  curve,  the  de\'iations  being 
both  positive  and  negative.  These  calculated  subhmation 
pressures  are  included  in  Table  VII. 

Stelzner"  has  also  determined  the  pressures  of  antliracene 
at  temperatures  below  the  melting  point.  Access  was  not 
had  to  the  original  article,  but  it  is  quite  evident  that  the 
determinations  were  made  on  a  solution  of  antliracene  rather 
than  on  the  sohd,  because  the  data  fall  upon  the  extrapo- 
lated vapor  pressure  curve  rather  than  upon  the  subhmation 
pressure  curve. 

»  Graebe  and  Glaser,  Ber..  6,  12  (1S72). 

'  Chemical  Rubber  Handbook.  1920,  p.  161. 

8  Barbier,  .inn.  chim.  phys.  [51,  7,  479  (1876). 

•  Chemical  Rubber  Handbook,  1920,  p.  185. 
10  Behr  and  van  Dorp,  .inn.  Chem.  Pharm..  172,  263  (1S74). 
"  J.  Am.  Chem.  Soc.  44,  1429  (1922). 

12  Landolt  and  Bornstcin,  Tabellen,  1912,  p.  394;    Dissertation,  Erlan- 
gen,  1903. 

"  Landolt  and  Bornstein.  Tabellen.  1912,  p.  394;    Dissertation,  Erlan- 
gen,1901. 


'  Since  this  paper  was  written  Senseman  and  Nelson,  This  Journai,, 
16,  382  (1923),  have  published  data  on  this  substance.  The  boihng  point  is 
Cound  by  the  authors  to  be  353°  C;  Senseman  and  Nelson  obtained  354.76°  C. 
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An  Improved  Method  for  the  Separation  of  Gas  Mixtures' 

By  Fractional  Distillation  at  Low  Temperatures  and  Pressures 

By  Martin  Shepherd  and  Frank  Porter 

Bureau  of    Mines,  Washington,  D.  C. 


THE  separation  of 
gases  by  distillation 
differs  in  several  re- 
spects from  the  more  com- 
mon type  of  distillations 
of  substances  boiling  above 
room  temperatures.  The 
gas  mixtures  must  first  be 
liquefied.  The  successive 
distillations  are  then  made, 
choosing  temperatures  at 
which  the  more  volatile 
component  present  in  each 
case  possesses  a  relatively 
high  vapor  pressure,  and 
the  less  volatile  components 
negligible  vapor  pressures. 
Since  these  distillation  tem- 
peratures are  maintained 
fairly  constant  for  the  re- 
moval of  each  component, 
the  fractionation  is  effected 
by  varying  the  pressure  rath- 
er than  the  temperature. 
Very  low  pressures  are  em- 
ployed, which  involve  cor- 
responding low  tempera- 
tures. Two  decided  advan- 
tages accrue  from  these  conditions.  The  first,  and  by  far  the 
most  important,  is  that  the  ratio  of  the  vapor  pressure  of 
the  more  volatile  component  to  that  of  the  less  volatile 
components  becomes  very  much  greater  at  the  lower  tem- 
peratures, and  so  the  separation  is  distinctly  sharper. 
The  second  lies  in  the  fact  that  the  actual  amount  of  the 
vapor  phase  over  the  liquid  phase  is  quite  small  at  the  low 
pressures,  and  consequently  a  negligible  amount  of  the 
vapor  phase  remains  above  the  liquid  at  the  completion  of 
each  distillation — an  important  consideration  where  small 
amoimts  of  gas  are  used. 

Previous  Applications  of  Fhactional  Distillation 

Ramsay,^  in  his  memorable  work  on  the  rare  gases  of  the  atmos- 
phere, used  fractional  distillation  in  the  separation  of  the  gas 
mixtures,  and  was  able  not  only  to  obtain  the  gases  in  a  high 
state  of  purity,  but  also  to  make  very  accurate  anal>'tical  sepa- 
rations. 

Adaptations  of  this  method  have  been  used  by  numerous  in- 
vestigators in  the  preparation  of  pure  gases  and  the  separation 
of  gas  mixtures.' 


This  paper  describes  an  improoed  method  for  ihe  separation  of 
gas  mixtures  by  fractional  distillation  at  low  temperatures  and  pres- 
sures. The  work,  was  mainly  carried  out  at  the  Chemical  Labora- 
tory. U.  S.  Helium  Plant  No.  3.  Pelrolia.  Texas  (1920-21). 

The  method,  with  suitable  modifications,  is  applicable  to  many 
problems  of  gas  separation,  and  may  be  employed  in  a  great  number 
of  cases  where  ordinary  chemical  methods  do  not  give  results  of 
sufficient  accuracy  or  cannot  be  used  at  all.  It  may  be  used  in  tech- 
nical work,  gi'^irig  results  commensurate  with  the  requirements  of 
engineering  calculations.  With  no  modifications  other  than  an  in- 
crease in  the  number  of  fractionations  resorted  to,  it  may  be  employed 
in  precision  work,  either  for  the  preparation  of  gases  of  high  purity 
suitable  for  the  measurement  of  physical  constants,  or  to  effect  the 
exact  analytical  separation  of  complex  mixtures. 

The  method  is  capable  of  yielding  results  of  greater  accuracy 
than  those  obtained  by  precious  distillation  methods,  and  attains 
this  end  in  a  small  fraction  of  the  time  formerly  required. 

In  developing  the  subject,  the  general  principles  of  the  separation 
of  gases  by  liquefaction  and  subsequent  distillation  are  first  given; 
then  an  account  of  previous  applications,  followed  by  the  expression 
of  the  need  of  an  improved  method,  and  its  development  in  detail. 
Illustration  is  made  of  the  separation  of  a  complex  gas  mixture 
containing  helium,  nitrogen,  and  the  saturated  hydrocarbon  vapors, 
and  the  accuracy  of  the  method  set  forth.  Finally,  its  application 
to  the  preparation  of  pure  gases  is  described,  and  the  tests  of  purity 
of  the  gases  are  given. 


Burrell,  Seibert,  and  Rob- 
ertson* were  able,  by  a  meth- 
od similar  to  that  used  by 
Ramsay,  to  separate  analyti- 
cally the  constituents  of  na- 
tural gas. 

A  brief  description  of  the 
apparatus  and  method  used 
by  Burrell,  Seibert,  and  Rob- 
ertson, will  illustrate  in  a 
general  way  those  formerly 
employed.  The  gas  mixture 
to  be  analyzed  was  measured 
in  a  buret,  transferred  to  a 
liquefying  bulb  surrounded 
by  a  cold  bath,  and  a  distil- 
late pumped  off  and  collected 
over  mercury.  This  distil- 
late was  then  transferred  to 
a  buret  for  measurement. 
The  residue  remaining  was 
allowed  to  warm  up  and  like- 
wise pumped  off  and  meas- 
ured. Several  distillations 
and  combinations  of  the  re- 
sulting fractions  were  neces- 
sary to  obtain  each  of  the 
components  of  the  mixture  in 
sufficient  purity  for  accurate 
results,  so  that  a  determina- 
tion of  all  the  constituents 
was  a  long  and  complicated 
procedure. 


'  Received  July  29.  1922.  Published  by  permission  of  the  Director, 
U.  S.  Bureau  of  Mines. 

=  Travers,  "Experimental  Study  of  Gases,"  1901,  p.  212;  Ramsay 
andTravers,  Proc.  Roy.  Soc.  (London) ,  63,  138;  64,  183;  Phil.  Trans.,  197, 
47  (1901). 

=  Ab-der-Halden,  J.  Gas  Lighting,  126,  342  (1914);  Anderson,  This 
Journal,  9,  142  (1917);  Anon.,  C.  A.,  11,  296  (1917);  Anon.,  Cas  World, 
69,  152(1913);  Bordan  and  Taplav,  Com?(.  rfnii..  146,  628;  147,591  (1908); 
Burrell  and  Robertson,  Tms  Journal,  7,  209  (1917);  Proc.  Am.  Gas  Inst., 
9,  219  (1914);  Burrell,  Seibert,  and  Robertson,  Bur.  Mines,  Tech.  Paper 
142(1916);  i6id.,104  (1915);  Czoko,  J.  Gasie/.,  66,  1172  (1913);  Erdmann 
and  Stoltzenberg.  Ber.,  43,  1702  (1910);  Lebeau  and  Damiens,  Compl.  rend., 
166,  144,  325,797(1913);  J.  Soc.  CAcm. /ni,  32,  126  (1913);  J.Gas  Light- 
ing. 126,  105  (1913),  Stoltzenberg,  Bct-.,  43,  1708  (1910);  Travers,  "Study 
of  Gases,"  p.  210;   Whiton,  This  Journal,  8,  733  (1918). 


Need  of  an  Improved  Method 

Gas  distillation  presented  a  wide  field  for  extension  in 
1918,  when  the  Bureau  of  Mines  undertook  the  production 
of  hehum  for  the  Army  and  Navy  Aircraft  Di\'isions. 

At  the  experimental  plant  erected  at  Petrolia,  Texas,  and 
operating  under  the  Jefferies-Norton  system,  the  chemical 
laboratory  was  confronted  with  the  necessity  of  preparing  pure 
methane,  ethane,  and  propane  for  vapor  pressure  measure- 
ments; and  also  with  the  problem  of  a  systematic  investiga- 
tion of  several  types  of  gases  peculiar  to  the  liquefaction 
plant  and  containing  appreciable  percentages  of  the  hydro- 
carbons of  the  series  C  H>„  +  ■;,  heavier  than  ethane. 

The  work  was  undertaken  with  the  apparatus  and  method 
suggested  by  Burrell,  Seibert,  and  Robertson.*  It  was 
found  that  an  accurate  separation  of  many  of  the  particular 
mixtures  examined  required  almost  a  week's  time — i.  e., 
36  to  48  hours  continuous  operation.  As  a  plant  control 
method  this  distillation  process  was  entirely  out  of  the  ques- 
tion. It  held  little  value  from  the  more  deliberate  standpoint 
of  investigation  and  interpretation  of  plant  operation,  since 
affairs  progressed  so  rapidly  that  week-old  information  pos- 
sessed relatively  small  importance. 

Development  of  an  Improved  Method 

An  apparatus  and  method  was  therefore  developed  which 
was  capable  of  accomplishing  the  same  results  as  the  previous 
method,  but  in  a  fraction  of  the  time  formerly  required. 

The  apparatus  constructed  employs  several  improvements 
in  the  technic  of  gas  manipulation,  which  have  been  in  gen- 

•  Bur.  Mines,  Tech.  Paper  104  (1915). 
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Fig.  1 — Appar.itus  for  Separatic 
A,  B,  C  =  Distillation  Bulbs 
Di-D4=  Dewar  Tubes 

H  =  Reservoir  for  Cleaning  Solution 
y  =  Adsorption  Pipet 
K  =  Combustion  Pipet 
Li-L7  =  Leveling  Bulbs 
-Mi-Mi  =■  Barometric  Manometers 
Oi,  02=P2O6  Tubes 
fi-Pa=  Mercury  Seal  Pressure  Regulators 

0  =  T6pler  Pump 
Ri-Ri  =  Gas  Reservoirs 
Si,  Si  =  Mercury  Reservoirs 


Gas  Mixtures  by  Fractional  Distillation  at  Low  Temperatures  and  Pressures 
Ti-r»  =  Air  Traps 
Ui,  C/2  =  Mercury  Traps 
Vi-F3  =  Valves  for  Topler  Pump 
W=  Gas  Measuring  Buret 

A' =  Liquefying  Bulb  for  Vapor  Pressure  Manometer 
Z  =  Vapor  Pressure  Manometer 
(Cap.)  Tee  Cocks  =  2-13 
Y  Cocks  =  25-28 
3-Way  Cocks=l,  14,  17,  18,  20,  21,  23,  24,  29,  32,  34 
2- Way  Cocks  =  15,  16,  19,  22,  26,  30,  31,  33 

^"Bulb  Filled  with  Activated  Coconut  Charcoal 
N  =  Distributor  Chain 


eral  use  for  some  time  and  were  suitable  for  adaption  to  this 
problem.  It  abandons  the  older  ideas  of  separate  pieces  of 
apparatus,  combining,  as  it  does  all  the  necessary  steps  of 
gas  condensation,  distillation,  pumping,  storage,  volume 
measurement,  and  distribution  into  one  complete  unit,  in- 
dependent of  auxiliary  parts.  The  distribution  of  gas  in 
a  mercury-filled  train  eliminates  all  dead  capillary  space. ^ 
The  system  of  multiple  distillation  bulbs  permits  the  removal 
of  vapors  by  rapid  condensations,  and  eliminates  the  greater 
part  of  the  work  formerly  assigned  to  the  Topler  pump. 

The  details  of  the  apparatus  (Fig.  1)  and  the  manner 
in  which  a  separation  is  carried  out  are  best  described  by 
taking  as  an  e.xample  the  fractionation  of  the  natural  gas 
from  the  Petrolia  field.  This  gas  has  for  its  constituents 
hehum,  nitrogen,  methane,  ethane,  propane,  butane,  and  also 
small  amounts  of  the  higher  saturated  hydrocarbons.  No 
attempt  was  made  to  separate  the  heUum,  nitrogen,  and  meth- 
ane (this  group  being  treated  as  a  single  fraction),  since 
satisfactory  temperatures  for  these  distillations  were  not 
available,  and  other  methods  of  analysis  of  this  fraction  were 
preferable  from  a  practical  standpoint. 

To  prepare  the  apparatus  for  an  analysis,  clean  mercury 
is  allowed  to  displace  all  gas  from  the  distributor  train  N, 
Topler  pump  head  Q,  buret  W,  and  reservoirs  R.  An 
oil-immersed  gear  pump  connected  at  Cock  28  quickly 
evacuates  the  distillation  train,  including  the  trap  U,  dis- 
tillation bulbs  A,  B,  and  C,  the  manometer  Z,  with  hquefy- 
ing  bulb  X,  and  the  P2O6  tubes  o,  to  a  pressure  of  about  0.1 
mm.  Cock  28  is  then  turned  to  a  tube  Y,  filled  with  activated 
coconut  charcoal  and  surrounded  with  hquid  air.  Complete 
exhaustion  of  the  distillation  train  is  attained  witloin  3 
minutes,  by  adsorption  of  the  residual  air  by  the  cold  char- 
coal.    The  charcoal  tube  is  then  shut  off  from  the  train. 

»  Allen  and  Lyder,  "Chemical  Survey  of  Natural  Gases  of  Kansas  and 
Oklahoma,"  p.  39. 


The  three  distillation  bulbs  are  then  cut  off  from  one  an- 
other by  the  interposing  cocks,  and  surrounded  with  liquid 
air  contained  in  closed  Dewar  tubes.  A  system  of  three- 
way  cocks  connects  the  Dewar  tubes  to  the  oil-immersed  gear 
vacuum  pump,  the  atmosphere,  or  a  mercury  pressure  seal, 
P.  By  this  arrangement  the  liquid  air  within  the  Dewar 
tubes  may  be  made  to  boil  at  pressures  ranging  from  less  than 
0.1  to  2  atmospheres,  and  a  corresponding  temperature 
range  (depending  of  course  on  the  age  of  the  hquid  air) 
of  -180°  to  -208°  C.  is  available. 

The  gas  mixture  to  be  examined  is  measured  in  the  buret 
and  then  transferred  through  the  distributor  train  into  bulb 
A,  where  it  partially  liquefies  at  — 190°  C.  It  is  evident  that 
the  nitrogen  and  heliimi  will  not  condense  at  this  tempera- 
ture and  a  pressure  of  less  than  atmospheric,  and  these  two 
constituents,  therefore,  never  properly  enter  the  actual  proc- 
ess of  distillation,  except  to  the  small  degree,  due  to  their 
slight  solubilities  as  uncondensed  gases  in  the  hydrocarbon 
liquid  phase.  Their  separation  may  be  regarded  almost 
entirely  as  an  actual  separation  by  fractional  condensation, 
a  case  that  will  occur  very  rarely.  (It  is  unfortunate  that  a 
great  many  experimenters  have  used  purely  condensation 
processes  under  the  name  of  distillation,  when  an  accurate 
separation  could  only  have  been  attained  by  an  actual  dis- 
tillation.) It  has  been  found  in  practice  that  all  the  helium 
and  nitrogen,  together  with  a  small  part  of  the  methane,  may 
be  drawn  off  at  once  from  A,  at  —190°  C,  through  B  and 
C  into  the  Topler  pump,  which  dehvers  directly  into  the 
buret  for  measurement.  This  fraction  carries  no  ethane  with 
it.  A  great  saving  in  the  time  required  for  any  one  analysis 
is  effected  by  this  preliminary  removal  of  uncondensed  gases. 
The  greater  part  of  the  methane  now  remains  with  the  heavier 
hydrocarbon  fraction  in  A.  In  order  to  accelerate  its  separa- 
tion, the  liquid  air  surrounding  A  is  put  under  pressure,  and 
a  temperature  of  —180°  to  -183°  C.  is  employed  for  the 
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next  distillation.  This  raises  the  vapor  pressure  of  the  meth- 
ane from  approximately  4  cm.  to  between  6  and  10  cm., 
at  the  same  time  keeping  the  vapor  pressure  of  the  ethane  well 
under  0.1  mm.  The  methane  is  then  transferred  from  A 
to  B  by  simply  causing  the  liquid  air  in  B  to  boil  under  re- 
duced pressure  (at  a  temperature  of,  say,  —205°  C),  which 
effectively  removes  methane  vapor  from  A  and  condenses 
it  in  B.  A  second  distillation  from  B  to  C  is  made  by  allow- 
ing B  to  warm  up  to  the  boiling  point  of  liquid  air  at  atmos- 
pheric pressure  (  —  190°  C.)  and  surrounding  C  with  liquid 
air  boiling  under  reduced  pressure.  Then  by  closing  the 
cock  between  C  and  B  and  aUowiug  C  to  warm  up  to  room 
temperature,  the  pure  methane  fraction  in  C  is  vaporized 
and  easily  removed  by  the  Topler  pump  to  the  buret,  where 
it  is  measured  with  the  uncondensed  He  +  No  fraction. 
The  residue  of  higher  hydrocarbons,  remaining  in  A  and  B, 
is  now  allowed  to  warm  up  to  room  temperature,  completely 
vaporized,  and  is  then  recondensed  at  -183°  C.  and  frac- 
tionated as  before,  in  order  to  free  the  residue  from  any  traces 
of  methane.  This  distillate  is  added  to  the  He  -|-  N2  -h  CHi 
fraction  already  obtained.  The  vapor  pressure  of  ethane 
always  remains  so  low  at  these  liquid  air  temperatures  that 
practically  none  of  it  is  removed  with  the  last  methane  dis- 
tillates. In  practice,  it  was  found  unnecessary  to  provide 
for  the  possibility  of  ethane  being  present  in  the  methane 
fraction,  when  ordinary  analytical  separation  was  desired. 

The  separation  of  ethane  from  the  remaining  higher  hydro- 
carbons is  effected  in  a  similar  way,  except  that  the  distil- 
lation temperature  employed  is  between  —145°  and  —150° 
C,  and  the  recei\'ing  temperature  is  that  of  liquid  air.  The 
vapor  pressure  ratio  of  ethane  to  propane  at  —150°  C.  is 
approximately  4  to  0.4  mm.  For  the  separation  of  propane 
from  the  butane  plus  heavier  hydrocarbon  fraction  a  tem- 
perature of  —120°  C.  was  used,  with  a  corresponding  pro- 
pane-butane vapor  pressure  ratio  of  5  to  0.2  mm.  The 
various  steps  for  a  complete  fractionation  of  a  sample  of  Pe- 
trolia  gas  are  shown  in  Table  I.  The  fractionating  diagram 
here  shown  differs  somewhat  from  the  scheme  described  in 
the  text,  in  that  it  pro\'ides  for  fractionation  of  possible 
traces  of  ethane  from  the  He-N2-CH4  fraction. 

The  fractions  after  measurement  may  be  stored  in  reser- 
voirs, R.  The  amount  of  methane  in  the  methane-nitrogen 
fraction  can  be  determined  by  combustion,  using  the  com- 
bustion pipet  K'^  and  absorption  pipet  J,'  which  preferably 
are  placed  on  opposite  sides  of  the  buret.  If  percentage 
helium  is  desired,  it  may  be  determined  by  the  Cady*  method. 

Accuracy  of  the  Analysis 

In  practice,  by  following  the  fractionation  chart  of  Table 
I,  check  analyse?  have  agreed  within  the  range  0.02  to  0.10 
per  cent.  It  is  necessary  to  employ  careful  manipulation  in 
order  to  obtain  checks  to  the  second  decimal  place.  It  also 
follows  that  precision  volume  measurements,  an  all-glass 
apparatus  with  no  rubber  connections,  accurately  ground, 
and  suitably  lubricated  stopcocks  are  all  necessary  require- 
ments. The  portions  of  the  apparatus  confining  gas  over 
mercury  must  present  no  gas  traps ;  and  at  all  points  where 
mercury  enters  the  apparatus  from  air  contact,  air  traps 
must  be  provided.  An  example  of  such  an  analysis  is  given 
in  Table  I. 

A  better  test  of  the  accuracy  of  analyses  by  fractional  dis- 
tillation of  natural  gas,  according  to  the  method  charted  in 
Table  I,  has  recently  been  made  by  Frank  Porter  and  F.  W. 
Schroeder  in  the  Cryogenic  Research  Laboratory,  Washing- 
ton, D.  C    Pure  methane,  ethane,  and  propane  were  pre- 

•  Weaver  and  Ledig,  This  Journal,  12,  368  (1920). 

'  Bur.  ifines,  Bull.  42,  gives  details  of  combustion  analyses. 

•  Cady  and  McFarland,  /.  Am.  Chem.  Soc,  29,  1524  (1907). 


pared  and  tested  as  follows :  Commercial  nitrogen  was  freed 
from  any  impurities  that  would  interfere  by  passing  through 
a  bulb  surrounded  with  liquid  aii-.  A  known  mixture  of  these 
gases  was  made  up  similar  in  composition  to  the  natural  gas 
from  the  Petrolia  field.  This  mixture  was  analyzed,  using 
the  regular  procedure  illustrated  in  Table  I.  For  the  sake  of 
comparison,  anal.vsis  of  the  same  mixture  was  made  by  or- 
dinary combustion  with  oxygen  over  a  glowing  platinum 
helix,  the  hydrocarbon  fraction  being  calculated  as  methane 
and  ethane  from  the  contraction  and  carbon  dioxide,  and 
nitrogen  taken  by  difference  from  100.  These  results  as 
summarized  in  Talale  II. 

Table  I — Fractionation  of  Petrolia  Gas  by  Improved  System 
Original   Volume   1052.4  cc. 
Fractionated  at  —  1S3°  C. 


Residue  1  left  in  bulb  .4 


Distillate 
liquid  a 
pressure. 


1  collected  in  bulb  B  with 
r  boiling  under  reduced 
Fractionated  at  —183°. 


I 1 

Residue  2 
left  in  bulb  B  Distillate     2    collected    in     bulb 

J  C  with  liquid  air  under  reduced 

I  pressure.   Warmed  up  and  pumped 

Warmed  up  to  room  temperature    off  as  CH4  +  Nj  +  He.  905.75  cc. 
and  recondensed  at  —183°  C. 

I  


1 

Distillate  3,  added  to  CH,  +  N2  +  He 


Residue  4  left  in  bulb  A 


Distillate  4.  collected  in  bulb  B 

with  liquid  air 

Fractionated  at  —145*  to  —1.50° 

I       


Distillate  7  collected  i 
bulb  B.  Fractionatec 
at  -120°  C. 


Residue  8  left  in  bulb  B 
Transferred  to  bulb  .4 


Distillate  8  collected 


Fractionated  at  —120° 

I 

I 

Residue  9  left  in  bulb  A. 
Warmed  up  and  pumped  off  as 
butane  and  higher  hydrocarbons 
88.50  cc. 


Distillate  9  collected 


Gas 

Original  volume  of  mixture 1052.4 

CH4N2He 905.7 

CsHs 32.93 

CiH! 25.10 

Ci-  Hio-  +  heavier  CnHsn  +  j 88 .  50 


Warmed   up   and   pumped 
propane.     25.10  cc. 


VOLDME . 

Per  cent 
100.00 
86.06 


It  will  be  seen  that,  with  no  more  than  three  distillations 
for  each  component,  the  errors  are  of  the  approximate  mag- 
nitude of  0.1  per  cent.  This  error  is  about  equal  to  the  prob- 
able error  in  estimating  volumes  in  the  present  instance. 
It  is  then  clearly  indicated  that  the  accuracy  easily  falls  within 
the  limits  required  by  all  technical  gas  investigations.  It 
is  evident  that  the  accuracy  of  the  method  is  at  the  option 
of  the  operator,  By  increasing  the  number  of  fractionations 
for  each  component,  the  accuracy  can  be  made  to  approach  the 
limit  imposed  by  even  the  most  exact  method  available  for 
measuring  gas  volumes. 

The  results  of  the  analysis  by  the  combustion  method,  how- 
ever, deviate  by  approximately  5  per  cent  from  the  true 
values.  This  deviations  should  possibly  not  be  considered  en- 
tirely in  the  light  of  a  true  error,  since  the  greater  percentage 
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Table  II — Analysis  c 


Composition  of  Mixture  < 


Gas 

Cc. 

Voluir 

Nitrogen 
Methane 
Ethane 
Propane 

136. SO 
287.25 
27.8.5 
25.25 

28.67 
60.20 
5.84 
5.29 

Total 

477.15 

100.00 

.  Known  Mixture"  of  Pore  Gasss  bv  Fractionau  Distillation 
NALYsis  OF  Mixture 
Distillation — Per  cent  Analysis  op  Mixture  by  Combustion  with  Oxygen  over  Glowing 


Deviation 

from 

True  Valu 


8S.87 

88.99 

+  0.12 

11.13 

(5.85 
{5.16 

+0.011 

-0.13: 

100.00 

100.00 

0.00 

(1) 

29.7 

55.4 

14,9 
100.0 


(2) 
29.9 


Average 
29.8) 


True  Valu 
-3.7  \t 


14.7 
100.0 


-5.29 
0.00 


)  present,  and  deviation  from  true  value  must  necessarily  follow. 


of  the  difference  necessarily  follows  from  the  computation 
on  the  basis  of  the  presence  of  methane  and  ethane  only, 
which  was  kno'mi  to  be  untrue  in  the  present  case.  Wliile 
it  is  generally  known  to  those  famOiar  ^^^th  the  method  that 
a  combustion  of  a  mixture  of  more  than  two  hydrocarbons 
affords  data  insufficient  to  compute  the  true  percentage  com- 
position of  the  mixture  (and  this  necessarily  applies  to  prac- 
tically any  natural  gas),  it  is  thought  that  a  direct  comparison 
like  the  one  offered  in  the  table  may  bring  this  fact  more 
forcibly  to  the  attention  of  engineers,  since  such  de\'iations 
from  the  true  composition  may  introduce  serious  discrepancies 
in  calculations  relating  to  a  gas  investigation  project  con- 
cerned with  a  mixture  of  this  type — as,  for  example,  cryo- 
genic engineering  problems  dealing  with  distiUations,  ab- 
sorptions, etc.,  including  particularly  the  gasoline  extraction 
industry.  Fortunately,  thermal  values  calculated  from  such  a 
combustion  analysis  will  be  extremely  close  to  the  true  figures. 
It  is  perhaps  worthy  of  further  note  that  one  would  expect 
the  figure  for  total  carbon,  or  residual  nitrogen,  to  be  the 
same  whether  obtained  by  combustion  or  by  chstillation. 
The  fact  that  the  nitrogen  content  of  the  mixture,  as  indi- 
cated by  combustion,  deviated  by  -(-1.13  per  cent  from  the 
true  value,  discloses  an  apparent  error  inherent  in  the  com- 
bustion method,  applied  to  this  particular  type  of  gas  mix- 
ture— or  what  might  be  called  a  "wet"  natural  gas.  Some 
excuse  for  this  belief  hes  in  the  fact  that  the  combustions  were 
carried  out  in  a  carefully  constructed  apparatus,  emploj'ing 
a  mercury-filled  distributor  traui.  The  combustion  pipet 
and  absorption  pipets  were  placed  on  opposite  sides  of  the 
gas-measuring  buret,  instead  of  as  shown  in  Fig.  1,  and  the 
train,  combustion  pipet,  and  buret  subjected  to  a  thorough 
washing  with  0.5  per  cent  acidulated  water  to  remove  possible 
traces  of  potassium  hydroxide  after  each  separate  analysis, 
thereby  insuring  no  absorption  of  carbon  dioxide  in  the 
apparatus  after  the  combustion  and  before  the  measurement 
of  the  contraction.  The  combustions  were  conducted  with 
a  measured  excess  of  pure  oxj'gen,  and  the  wire  temperature 
was  carried  as  high  as  possible  in  order  to  effect  as  complete 
a  combustion  of  methane  and  the  heavier  hj'drocarbons  as 
possible.  After  one  to  two  hundred  such  combustions  the 
black  deposit  collected  from  the  dome  of  the  combustion 
pipet  revealed  the  distinct  presence  of  carbon.  It  would 
seem  doubtful  if  complete  combustion  is  ordinarily  attained 
over  a  glowing  platinum  helix  with  a  "wet"  natural  gas. 
This  point  should,  of  course,  be  made  the  subject  of  further 
study. 

Peepar.\tion  of  Pure  Gases 

The  preparation  of  very  pure  gases,  suitable  for  the  meas- 
urement of  physical  constants,  is  a  difficult  matter,  since  in 
the  generation  of  any  gas  there  is  invariably  introduced  a 
number  of  impurities,  which  in  many  cases  cannot  be  removed 
by  chemical  methods.  Especially  is  this  true  in  the  case  of 
organic  compounds  where  the  impurities  are  apt  to  be  homo- 
logs  of  the  gas  prepared.  Fractional  distiUation  is  often  the 
logical  procedure  for  final  purification. 

The  procedure  for  obtaining  gases  in  the  pure  state  is  the 
same  as  already  described,  except  that  the  distillations  are 
continued  as  many  times  as  necessary  by  transferring  the 


residue  left  in  B  to  A,  and  distillate  left  in  C  to  fi,  and  then 
redistilling  from  B  to  C,  discarding  the  end  fractions.  A 
transfer  from  one  bulb  to  another  is  made  by  allowing  the 
one  to  come  to  room  temperature,  while  open  to  the  other 
surrounded  with  liquid  air. 

Test  of  Purity 

Vapor  pressure  measurements  have  been  used  as  the  test 
of  purity,  based  on  the  fact  that  vapor  pressure  of  a  pure 
substance  does  not  change  as  the  ratio  of  the  hquid  volume 
to  the  gas  volume  is  varied.  This  seems  to  be  the  best  avail- 
able method,  and  has  been  regularly  employed  by  Travers, 
Onnes,  and  others.'  The  manometer  Travers  describes  was 
made  an  integral  part  of  the  apparatus,  connecting  through 
a  tliree-way  cock  (Z,  Fig.  1)  to  bulb  C. 

In  the  manner  described  above,  with  the  prescribed  tests 
of  purity  accepted  as  a  criterion,  pure  methane,  ethane,  and 
propane  were  prepared  from  Petrolia  gas.  The  preparation 
was  repeated  in  the  case  of  methane,  purification  being  made 
of  a  gas  generated  from  methjd  iodide  in  the  presence  of  zinc- 
copper  couple,  and  passed  in  succession  through  palladium 
asbestos  at  100°  C,  and  a  condensation  tube  at  —150°  C, 
760  mm.  pressure,  before  submitting  to  distillation.  The 
vapor  pressure  test  in  no  case  showed  a  variation  of  as  much  as 
one  millimeter.  Spectroscopic  examination  was  used  to 
supplement  the  ^'apor  test  and  no  nitrogen  was  detected  by 
this  means.  The  preparation  of  methane  from  natural  gas 
by  fractionation  required  about  eight  hours.  The  older 
methods  demanded  weeks  of  tedious  manipulation  to  attain 
the  same  end.  * 

•  Travers,  "Study  of  Gases,"  p.  228. 


European  Mining  Industry 

Remarkable  progress  has  been  achieved  in  the  reconstruction 
of  the  French  mining  industry,  according  to  George  S.  Rice, 
chief  mining  engineer  of  the  Bureau  of  Mines,  who  has  returned 
to  this  country  after  completing  a  study,  occupying  several 
months,  of  conditions  in  the  mining  industries  of  France,  Great 
Britain,  Belgium,  Poland,  and  Czechoslovakia.  Underground, 
the  French  mines  have  recovered  to  such  an  extent  that  they  are 
producing  about  70  per  cent  of  the  normal  coal  output.  When 
all  the  water  has  been  pumped  out  of  the  mines,  the  coal  pro- 
duction of  Northern  France  will  be  greatly  increased  over  that 
of  the  pre-war  period. 

Novel  methods  for  obtaining  petroleum,  involving  the  mining 
of  oil  sands  and  their  subsequent  treatment  at  the  surface,  are 
employed  in  Alsace  and  near  Hanover.  This  makes  possible 
a  greater  recovery  of  the  petroleum,  two-thirds  of  which  is  left 
in  the  ground  after  ordinary  extraction  by  wells. 

In  Great  Britain  and  France  the  employment  of  rock  dust  as 
a  screen  or  barrier  for  the  limitation  of  coal  dust  explosions  to 
the  immediate  area  of  the  explosion  has  been  made  compulsory. 
In  France  powdered  coal  has  been  widely  adopted  as  a  fuel. 
In  Germany,  near  Hanover,  novel  methods  are  employed  in  the 
distillation  of  brown  coal,  a  lignite  quite  different  from  American 
lignites,  from  which  various  oils,  paraffin,  and  gas  are  being  ob- 
tained. At  Whitehaven,  England,  coal  is  being  mined  under 
the  sea  at  a  point  four  and  one-half  mUes  from  the  shore  line. 

As  a  result  of  Mr.  Rice's  visit  to  England  the  British  govern- 
ment has  already  proposed  that  a  joint  program  of  research, 
covering  various  mining  problems,  be  adopted.  This  program 
would  include  the  exchange  of  technical  information,  of  materials 
under  test,  of  scientific  apparatus,  and  possibly  of  research  per- 
sonnel.    This  proposal  has  been  accepted  by  Secretary  Work. 
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Indene  and  Styrene — Constituents  of  Carbureted 
Water-Gas  Tar 

By  Ralph  L.  Brown  and  Roscoe  D.  Howard 

Pittsburgh  Experimknt  Station.   Bureau  of  Mines,  Pittsburgh,  Pa. 


THE  list  of  constituents  which  have  been  identified 
and  may  normally  be  expected  to  be  present  in  coal 
tar  is  a  long  one.  The  compounds  comprising  this 
list  have  been  discussed  in  the  authoritative  work  of  Lunge,  ^ 
in  which  the  hterature  had  been  well  reviewed.  In  the  case 
of  carbureted  v/ater-gas  tar  but  little  work  has  apparently 
been  done  towards  the  identification  of  constituents.  In 
a  recent  publication,  Bateman/  in  speaking  of  water-gas 
tar,  states  that  "benzol,  toluol,  xylol,  naphthalene,  phenan- 
threne,  and  methyl  anthracene  have  been  identified."  Downs 
and  Dean''  reported  the  identification  of  tliiophene,  benzene, 
toluene,  o-,  m-,  and  p-x-ylenes,  mesitylene,  naphthalene,  and 
anthracene.  In  1893,  Deunstedt  and  Ahrens^  reported  an 
examination  of  condensate  from  the  illuminating  gas  of  the 
City  of  Hamburg,  in  which  they  found  about  1  per  cent  of 
styrene  and  an  unstated  quantity  of  indene,  but  from  their 
original  paper  the  amount  is  judged  to  be  only  a  few  per  cent. 
In  a  previous  paper^  it  was  pointed  out  that  the  natural  con- 
densate, "drip-oil,"  taken  from  the  distributing  systems  of 
carbm'eted  water-gas  plants  in  the  United  States  contained 
these  two  hydrocarbons — namely,  indene  and  styrene — in 
amounts  totaling  40  to  50  per  cent  of  the  condensate.  It 
follows  as  a  corollary  that  these  two  hychocarbons  should  be 
found  in  water-gas  tar.  It  is  the  beUef  of  the  writers  that 
the  most  inteUigent  and  profitable  utilization  of  this  by- 
product of  the  "gross"  industry  of  gas  manufacture  is  possible 
when  it  is  based  upon  the  fundamental  information  of  molec- 
ular composition  of  the  tar,  and  the  physical  and  chemical 


from  the  bromine  used.  The  styrene  dibromide  so  formed 
and  recovered  by  the  evaporation  of  the  hydi-ocarbons  other 
than  styrene  was  found  to  be  practically  pure,  and  amounted 
to  over  95  per  cent  of  the  amount  calculated  from  the  ti- 
tration. 

Fraction  3  was  similarly  titrated  with  bromine,  and  the 
indene  content  calculated  from  the  bromine  taken  up.  The 
indene  was  isolated  as  the  oxybromide  by  gentle  steam  dis- 
tillation of  the  titrated  fraction,  which  removed  the  other 
hydrocarbons  of  the  fraction  and  hydrolyzed  the  indene  di- 
bromide formed  during  the  titration.  The  crude  oxybromide 
so  recovered  was  approximately  equal  to  that  calculated  from 
the  amount  of  bromine  used.  The  purified  oxybromide  re- 
covery amounted  to  60  per  cent  of  the  amount  calculated 
from  the  bromine  titration.  No  other  compound  was  sep- 
arated from  the  residual  resinous  material  resulting  from 
the  steam  distillation  of  the  crude  indene  dibromide.  The 
\\Titers  have  always  found  this  resinous  material  left  as  a 
residue  when  the  dibromide  is  so  treated. 

Identification 

The  identification  of  the  styrene  was  made  through  the 
melting  point  of  its  dibromide  foUowmg  recrystallization 
from  alcohol,  and  by  the  method  of  mixed  melting  points. 
Pure  styrene  dibromide  was  prepared  from  styrene  and 
bromine. 

The  identification  of  indene  was  effected  through  its  oxy- 
bromide, wliich  melts  at  130°  to  131°  C.    and  is  otherwise 


'  Styrene  and  Indene 


-Melting  Points — °  C- 


Oils  Boiling 
Sample  below  190°  C. 
A  5.3 


Styreni 
0.7 


Indent 
1.9 
1.2 


' Styrene  Dibromide 

From  Fraction  2    Pure        Mixture    Fro 
72.5  73.5       72.5  to  73 


-Indene 
n  Fraction  3 

130 
129  to  130 


properties  of  the  constituents.  With  this  point  of  view,  and 
in  the  interests  of  the  dissemination  of  knowledge,  the  writers 
have  isolated,  identified,  and  measured  the  indene  and 
styrene  in  two  typical  samples  of  water-gas  tar.  The  ex- 
perimental data  in  their  essentials  are  given  below. 

Isolation  and  Determination 

The  method  employed  in  removing  the  oils  boihng  below 
200°  C.  was  to  pass  steam  through  1000-cc.  samples  of  the 
tar  maintained  at  150°  C.  The  oil  thus  separated  was  dis- 
tilled over  a  14-inch  bead  column  and  collected  in  tlii'ee 
fractions — -namely,  (1)  boihng  up  to  130°  C,  (2)  boihng 
between  130°  and  160°  C,  and  (3)  boiling  160°  to  190°  C. 

Fraction  2  was  titrated  with  bromine  (in  carbon  tetra- 
chloride solution),  and  the  styrene  content  was  calculated 

1923,     Published  by  permission  of  the   Director, 
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characteristic.  Melting  points  of  mixtures  of  equal  parts 
of  the  crystals  isolated  and  the  oxybromide  derivative  pre- 
pared from  indene  were  taken,  and  are  reported  below. 

Sample  A  was  a  water-gas  tar  of  specific  gravity  (20°  C.) 
1.058  and  low  naphthalene,  free  carbon,  and  water  content. 
It  was  taken  from  tar  storage,  and  was  typical  for  the  plant. 

Sample  B  was  a  water-gas  tar  of  specific  gravity  (20°  C) 
of  1.176;  and  contained  in  comparison  with  Sample  A  much 
naphthalene,  free  carbon,  and  water.  It  was  taken  from  the 
works  separator  of  the  plant  in  which  it  was  produced. 

In  the  table  which  follows  is  given  the  experimental  data 
pertinent  to  the  purpose  of  the  paper.  The  percentages  are 
aU  based  on  1000-cc.  of  tar  as  sampled,  and  are  in  terms  of 
volume  throughout.    The  temperatures  are  corrected  values. 


Deposits  in  Gas  Pipes  and  Meters; 
Gas  Association,  Proceed- 


The  Department  of  Commerce  has  announced  that  after 
January  1,  1924,  "too  many  asphalt  grades"  no  longer  will  be 
the  complaint,  and  that  on  the  date  mentioned  the  recommenda- 
tions adopted  at  its  recent  asphalt  paving  conference  will  be- 
come effective  and  the  number  of  asphalt  grades  for  use  in  the 
construction  of  sheet  asphalt,  asphaltic  concrete,  asphalt  ma- 
cadam, and  surface-treated  pavements  will  be  reduced  from 
eighty-eight  to  nine.  The  number  of  asphalt  grades  used  as 
joint  filler  in  the  construction  of  brick  and  block  pavements  and 
various  other  types  has  been  reduced  from  fourteen  to  four. 


1148 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  11 


The  Influence  of  Hydrogen -Ion  Concentration  in  the  Fixation 
of  Vegetable  Tannins  by  Hide  Substance" 


By  Arthur  W.  Thomas  and  Margaret  W.  Kelly 


ERSiTY,  New  Yo 


EVER  since  1899,  wlien 
Hardy''*  first  defined 
the  isoelectric  point, 
the  importance  of  consider- 
ing hydrogen-ion  concen- 
tration when  deahng  viith 
jirotein  soUitions  has  come 
increasingly  to  notice. 
Procter  and  Wilson- in  1916 
explained  tlie  changes  in 
swelling  of  gelatin  jellies  in 
acid  solutions  of  different 

strengths,  'with  and  wthout  added  salt,  by  the  theory  of 
membrane  equilibria  which  had  been  pubhshed  by  Donnan^ 
in  1911.  During  the  past  few  years  Loeb^  has  made  a  very 
complete  study  of  the  effect  of  cliange  in  hydrogen-ion  con- 
centration and  added  salt  on  the  ]iliysical  projjerties  of  pro- 
tein solutions,  giraig  an  adequate  exphination  by  means  of 
the  Donnan  theory  for  changes  in  electrical  potential  differ- 
ence, ^^scosity,  swelling,  and  osmotic  pressure  with  change 
in  pH  of  solution  and  concentration  and  kind  of  added  salt. 
Since  hych'ogen-ion  concentration  has  been  sho^\ii  to  have 
such  an  important  bearing  on  tlie  properties  of  protein  solu- 
tions, it  was  therefore  decided  to  study  the  effect  of  changes 
in  hydrogen-ion  concentration  on  the  rate  of  tanning  of 
collagen  with  various  vegetable  tan  liquors,  hoping  thereby 
to  throw  some  light  on  the  nature  of  this  complex  reaction. 

Materials 

In  all  experiments  American  standard  hide  powder  was 
used  as  the  source  of  hide  protein.  Tliis  was  first  sifted  to 
remove  lOO-mesh  particles  in  order  to  avoid  the  loss  of  ma- 
terial fine  enough  to  pass  through  the  filter  cloth  used  in 
washing,  tlien  thorouglily  extracted  with  chloroform  to  re- 
move fat,  and  air-dried.  The  moisture  in  this  stock  sample 
was  determined  by  heating  at  100°  C.  in  a  vacuum  oven  for 
5  hours,  and  all  weights  of  liide  powder  are  reported  on  tliis 
moisture-free  basis. 

As  sources  of  tannin,  six  different  tanning  extracts,  que- 
bracho, gambier,  hemlock  bark,  oak  bark,  larch  bark,  and 
wattle  bark,  were  employed.  A  concentrated  stock  solution 
of  each  was  prepared  by  chssohing  in  water  at  85°  C  After 
cooling,  insolubles  were  removed  bj-  centrifuging  and  filter- 
ing. Total  solids  in  this  clear,  concentrated  extract  were 
determined  by  the  American  Leather  Chemists  Association 
method,^  and  all  concentrations  are  reported  on  the  basis 
of  tliis  determination. 

Method 

The  method  employed  for  determination  of  tannin  fixed 
by  tlie  lude  powder  is  essentially  that  proposed  by  Wilson 
and  Kern^  in  their  modified  method,  adopting  the  practical 
definition  of  tannin  as  that  material,   present  in  certain 

*  Presented  before  the  Division  of  Leather  Chemistry  at  the  64th 
Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September 
i  to  S,  1922. 

2  Contribution  No.  422  from  the  Chemical  Laboratories,  Columbia 
University.  Taken  from  a  part  of  the  dissertation  submitted  by  Miss  Kelly 
in  partial  ful61ment  of  the  requirements  for  the  degree  of  doctor  of  philos- 
ophy, Faculty  of  Pure  Science,  Columbia  University,  1923. 

*  Numbers  in  test  refer  to  bibliography  at  end  of  article. 


The  rate  of  combination  of  hide  protein  with  vegetable  tannins  is 
a  marked  function  of  the  hydrogen-ion  concentration  and  of  the 
concentration  of  the  vegetable  tannin  solution.  The  results  ob- 
tained are  readily  understood  in  the  light  of  the  modern  l^nowledge 
of  the  physical  chemistry  of  the  proteins  and  of  vegetable  tanning 
extracts.  Explanations  for  changes  in  behavior  with  respect  to 
these  factors  have  been  offered,  based  mainly  upon  the  Donnan 
theory  of  membrane  equilibria,  the  Procter-Wilson  worl^  upon 
swelling  of  colloid  Jellies,  the  Procter-Wilson  theory  of  vegetable 
tanning,  and  the  work,  of  Loeb  upon  proteins. 


vegetable  extracts,  which 
is  capable  of  precipitating 
gelatin  from  solution,  and  of 
forming,  with  hide  protein, 
a  compound  that  is  resistant 
to  washing  «nth  water.  The 
Wilson  and  Kern  determi- 
nation involves  simply  the 
measurement  of  uicrease  in 
weight  of  a  sample  of  hide 
powder,  after  tanning  and 
thorough  washing.  For  es- 
timation of  tannin  in  an  extract  by  their  method,  the  weight 
of  liide  powder  and  concentration  of  extract  are  so  chosen 
as  to  insure,  in  6  hours'  contact,  complete  removal  of  tan- 
nin from  the  e.xtract  as  e\'idenced  by  a  negative  gelatin-salt 
test  on  the  filtrate.  Since  in  the  work  here  recorded  it  was 
desired,  however,  to  obtain  a  comparative  measure  of  the 
amount  of  tannin  fixed  under  varjdng  conditions,  it  was  of 
course  necessary  to  arrange  conditions  so  as  to  have  an  ex- 
cess of  tannin  in  the  filtrate  in  all  cases. 

In  all  e.xperiments  2.000-gram  samples  (dry  basis)  of  the 
specially  purified  hide  powder  were  placed  in  400-cc.  rubber- 
stoppered  bottles.  To  these  were  added  100-cc.  portions 
of  the  tanning  extract,  and  the  bottles  were  rotated  for  the 
desired  length  of  time  at  room  temperature  in  a  tumbling 
machine.  The  tanned  hide  powders  were  then  filtered  off 
in  Wilson  and  Kern  extractors,  using  a  fine  grade  of  cambric 
as  filter  cloth.  Samples  of  the  filtrates  were  saved  for  later 
tests,  and  the  hide  powders  were  washed  \\ith  distilled  water 
until  the  wasluugs  gave  a  negative  test  with  ferric  chloride, 
thereby  inchcating  the  complete  removal  of  tannins  and  non- 
tans.  The  tanned  portions  of  hide  powder  were  air-dried 
in  the  extractors  and  transferred  to  weighing  bottles.  The 
samples  were  given  a  preUminary  drying  for  5  hours  at 
70°  C.  in  an  atmospheric  oven,  and  finally  were  heated  at 
100°  C.  in  a  vacuum  oven  for  5  hours.  The  increase  in 
weight  (dry  basis)  over  the  original  2.000  grams  of  anh3'drous 
hide  powder  represents  the  amount  of  taimin  fixed. 

Filtrates  were  tested  for  tannin  in  every  case  by  the  gel- 
atin-salt reagent  under  tlie  conditions  estabUshed  by  Thomas 
and  Frieden,'  where  delicacy  may  be  claimed  of  at  least 
1  part  of  tannin  in  100,000  parts  of  solution. 

The  older  methods  for  estimation  of  the  taimin  content 
of  an  extract,  by  measurement  of  the  change  in  concentra- 
tion of  the  tanning  liciuor  before  and  after  shaking  with  hide 
powder,  are  subject  to  large  errors  due  to  the  well-established 
fact  that  hide  powder  removes  certain  no'n-tans  as  weD  as 
tannins  from  tanning  solutions,  and  also  to  the  fact  that  they 
fail  to  take  account  of  changes  in  concentration  due  to 
absorption  of  water  by  liide  powder  from  the  extract.  In 
the  Wilson-Kern  method  these  errors  are  eliminated,  as  the 
adsorbed  non-tans  are  removed  in  tlie  washing  of  the  tanned 
hide  powder.  Moreover,  as  pointed  out  by  Thompson,  Sesh- 
achalam,  and  Hassan,*  the  tanning  content  of  an  extract,  as 
determined  by  the  older  methods,  varies  with  the  acidity  of 
the  tanning  solution.  Wilson  and  Kern,'  on  the  other  hand, 
have  showii  that  their  method  gives  a  practically  constant 
tannin  value  for  an  extract  over  a  pH  range  from  3.6  to  7.3. 
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Determination  of  Proper  Concentration 

Since  it  would  be  necessary  in  the  determination  of  the 
influence  of  hydrogen-ion  concentration  upon  tannin  fixation 
in  all  cases  to  be  certain  of  insuring  an  excess  of  tannin,  in 
order  to  have  a  true  measure  of  the  relative  amounts  of  tannin 
fLxed  under  varying  conditions,  it  was  necessary  first  to 
establish  at  what  concentration  the  filtrates  would  give  a 
positive  gelatin-salt  test  by  a  study  of  the  concentration 
curve  for  each  extract  for  a  24-hour  tanning  period.  The 
method  outhned  above  was  used.  The  results  are  sum- 
marized in  Table  I  and  Fig.   1. 


so  100  ISO     0  so  100  ISO 

Grams  Total  Solids  per  Liter  of  Ex.tract 
Fig.  1 

The  arrows  in  Fig.  1  indicate  the  concentrations  adoirted 
for  study  of  the  influence  of  hydrogen-ion  concentration 
reported  later  in  this  paper. 

Observation  of  the  curves  indicates  that  all  the  extracts 
show  a  characteristic  rise  to  a  maximum,  followed  by  a  sharp 
drop,  as  the  concentration  of  the  ex-tract  increases.  The 
maximiun  point  in  each  case  occurs  at  a  concentration  of  the 
extract  equal  to  15  to  25  grams  total  solids  per  liter,  and  is 
always  in  the  neighborhood  of  the  point  at  which  the  first 
positive  gelatin-salt  test  was  obtained  on  the  filtrate. 

These  results  agree  very  well  with  those  obtained  from  a 
similar  study  of  the  concentration  factor  which  has  been 
reported  from  this  laboratory.'"  Similar  types  of  concen- 
tration curves  have  been  noted  by  Moeller"  and  by  von 
Schroeder  and  Paessler'^  for  the  adsorption  of  tamiic  acid 
by  hide  substance,  who,  however,  used  the  older  methods 
for  estimation  of  tannin — -i.  e.,  by  analysis  of  an  aliquot 
of  the  equilibrium  solution.  Most  investigators  have  con- 
fined themselves,  however,  to  a  study  of  adsorption  from 
dilute  solution,  and  as  a  consequence  have  reported  curves 
of  the  usual  paraboUc  form  expected  for  typical  adsorption, 
which,  in  more  extended  concentration,  experiments  show 
to  be  erroneous. 

The  explanation  of  this  typical  concentration  curve,  char- 
acterized by  a  rise  to  a  maximum,  followed  by  a  sharp  de- 
cline, cannot  be  ascribed  to  variations  of  hydrogen-ion  con- 
centration of  the  extract  with  dilution.  The  pH  of  the  ex- 
tracts, measured  electrometrically,  showed  a  very  slight  but 
regular  increase  in  acidity  upon  dilution,  but  the  change 


was  too  slight  to  be  of  any  significance  here.  The  explan- 
ation must  be  sought  elsewhere.  Three  different  factors 
are  involved: 

1 — The  surface  of  the  hide  powder  particles,  at  a  concentra- 
tion of  15  to  20  grams  total  solids  per  liter,  becomes  so  heavily 
tanned  that  the  particles  are  rendered  impermeable  to  the  tan- 
ning solution.  Consequently,  the  interior  of  the  particles  is 
relatively  unaffected,  resulting  in  a  smaller  amount  of  tannin 
being  fi.xed  from  the  more  concentrated  solutions.  This  as- 
sumption was  offered  in  1S98  by  von  Schroeder  and  Paessler 
to  explain  a  similar  concentration  curve  obtained  by  them  for 
the  adsorption  of  tannic  acid  by  hide. 

2 — A  second  factor,  probably  operating  to  decrease  the  amount 
of  tannin  fixed  in  a  given  period  of  time  from  the  more  concen- 
trated solutions,  is  that,  with  increasing  concentration,  an  in- 
creased aggregation  of  the  tannin  particles  would  be  expected, 
thereby  causing  a  lowered  rate  of  diffusion  into  the  hide  sub- 
stance. Since  diffusion  into  the  hide  particles  must  precede 
fixation,  less  tannin  would  be  fixed  in  a  given  time  as  a  result 
of  this   increase  in  aggregation   of   particles. 

3 — Finally,  Thomas  and  Foster"  have  shown  for  quebracho 
that  the  electrical  potential  difference  of  the  tannin  particles 
against  the  aqueous  phase  decreases  with  increase  in  concen- 
tration of  the  tanning  solution.  Probably  this  latter  factor 
is  the  more  important  one  in  retardation  of  tanning  upon  increase 
of  concentration  of  the  extract,  since,  as  will  be  shown  later, 
anything  which  effects  a  reduction  of  the  potential  difference  at 
the  surface  of  the  tannin  particles  will  cause  a  decrease  in  the 
rate  of  tanning.  Moreover,  concomitant  with  increasing  con- 
centration of  the  extract  there  is  a  higher  concentration  of 
non-tans.  And  since  these  non-tans  diffuse  much  more  rapidly 
into  the  hide  substance  than  do  the  tannins,  owing  to  their  lower 
molecular  weight,  their  effect  would  tend  to  counteract  the  re- 
tardation due  to  heavy  surface  tannage  and  aggregation  of  the 
tannin  particles. 

Effect  of  Change  of  pH  of  the  Tanning  Solution 

Having  determined  a  suitable  concentration  for  use  in  the 
pH  series  of  experiments,  by  the  preliminary  study  of  the 
concentration  factor,  as  described  above,  100-cc.  portions 
of  the  extract  to  be  studied  were  prepared  in  which  the  pH 
■\'alues  varied  from  1.0  to  11.0.  The  adjustment  to  the  de- 
sired concentration  of  hydrogen  ion  was  made  by  addition 
to  the  given  amount  of  stock  solution,  before  dilution  to 
100  cc,  the  required  amount  of  0.5  M  hydrochloric  acid 
or  0.5  M  sodium  hydroxide,  previously  determined  by 
electrometric  titration  of  a  sample  of  the  extract.  Con- 
siderable difficulty  was  ex-perienced  in  the  titration  of  the 
tan  liquors  in  the  pH  range  from  6.0  to  8.0,  due  probably 
to  reduction  potentials. 
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ion  of  Fil- 

Solids 

2  Grams 

with  Gel- 

per Liter 

Hide 

trate 

with  Gel- 

per  Liter 

Hide 

atin-Salt 

Extract 

Powder 

atin-Salt  Reagent 

Extract 

Powder 

Reagent 

0 

lebracho  (pH  =  4.6) 

M 

'allle  (pH 

=  4.2) 

5.01 

0.196 

_ 

5.12 

0.197 

_ 

10.03 

0.400 

Very  slightly  -f- 

12.8 

0.378 

— 

15.04 

0.546 

+ 

25,6 

0.498 

+ 

25.07 

0.482 

+ 

51.2 

0.289 

-H 

37.6 

0.316 

-1- 

89.6 

0.121 

+ 

50.1 

0.263 

+ 

128.0 
192.0 

0.094 
0.084 

4- 

-1- 

Hemlock  (pH  =  adjusted  to 

5.0) 

Larch  (pH  = 

=  3.8) 

3.95 

0.045 

_ 

3.36 

0.036 

— 

9.87 

0.226 

— 

fi.64 

0.136 

— 

19.74 

0.353 

slightly  -1- 

11.15 

0.315 

— 

39.48 

0.259 

+ 

16.00 

0.448 

— 

69.09 

0.185 

-t- 

21. SI 

0.388 

+ 

98 ,  70 

0.134 

+ 

29.75 

0.385 

+ 

148.1 

0.103 

-f- 

46.06 

0.230 

+ 

58.57 

0.157 

+ 

73.94 

0.167 

+ 

88.72 

0.089 

+ 

Oak  (pH  = 

4.0) 

Car 

nbier  (pH 

=  4.7) 

3.38 

0.045 

_ 

3.13 

0.015 

— 

8.45 

0.171 

— 

7.83 

0.107 

_ 

16.90 

0.363 

— 

15.7 

0.253 

-t- 

33.80 

n.300 

+ 

31.4 

0.262 

-1- 

69.21 

0.187 

+ 

64.8 

0.162 

+ 

84.50 

0.131 

+ 

78.5 

0.103 

+ 

126.8 

0.114 

+ 

117.7 

0.119 

+ 
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PH*  of  Added  Tanning  Li/iuor 
Fig.  2 

Attempts  were  made  in  the  earlier  experiments  to  measm'e 
the  pH  of  the  tanning  solution  in  equilibrium  ■nith  the  tanned 
hide  powder  at  the  end  of  the  tanning  period,  since  this  value, 
of  course,  is  the  one  of  real  significance  in  the  Donnan  effect. 
The  measiu-ements  were  attended  \\'ith  such  great  difficulty, 
due  to  electrode  effects,  that  the  results  obtamed  were  exceed- 
ingly unreMable,  and  in  the  range  of  pH  from  6.0  to  8.0, 
were  absolutely  impossible  to  measure.  Oxidation  during 
the  "drumming,"  especially  in  the  alkaUne  range,  probablj' 
results  in  the  establishment  of  a  reduction  potential  when 
measurements  of  the  pH  of  the  equilibrium  solution  bj' means 
of  the  hydrogen  electrode  are  attempted. 

T.4BLE  II — Change  in 


A — Untreated  Extract 
2.0     3.0     4.0     5.0     6.0 
2.2     3.2     4.0     4.7     (imp 

B — Clarified  Extract 
2.0     3.0     4.0     5.0     6.0 
2.9     3.S     4.3     4.9     (imp 


The  use  of  buffer  solutions  was  precluded  since,  as  ^ill 
be  shown  later  herein  and  in  a  separate  paper,  the  presence 
of  salts  influences  the  fixation  of  tannin  to  a  remarkable 
degree.  It  should  be  noted  that  tanning  solutions  them- 
selves show  considerable  buffer  action  in  the  acid  range, 
due  to  the  tannic  acids  present.  Since  it  is  belie^■ed  that  the 
Donnan  effect  is  only  responsible  for  the  initial  rate  of  tanning, 
whUe,  from  the  practical  point  of  \-iew,  the  question  of  pH 
of  the  original  solution  is  the  most  important  one,  the  at- 
tempt to  measure  equHibrium  pH  values  was  abandoned. 
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PH*  of  Added  Tdnning  Liquor 


The  study  was  extended  to  include  the  fixation  of  tannin 
at  different  concentrations  of  hydrogen  ion  from  each  of 
the  six  extracts  by  the  method  previously  described,  at  two 
different  concentrations  of  each  extract,  except  quebracho, 
and  for  different  time  intervals,  as  shown  in  Table  III  and 
Figs.  2  and  3. 

Table  III — Effect  of  Change  in  pH  op  Tanning  Solution  upon 
Fixation  op  Tannin 
Hemlock  Bark  Extract 

Total  Solids    =    70.6 
Total  .Solids  =  24.0  Grams  per  Liter  Grams  per  Liter 

pH  of       Grams  Tannin  Fixed  by  2  Grams        Grams  Tannin  Fixed  by  2 


Tanning 

Hide  Powd 

;r  in                           Gram 

s  Hide  Powder  in 

Solution  6  Hours 

24  Hours  2  Weeks     21.5  Weeks 

24  Hours 

1.0 

0.653 

0.6S7         0.557 

1.494 

2.0 

0.756 

o!8i2 

0.889         1.020 

1.478 

3.0 

0.570 

0.686 

0.921          1.119 

0.657 

4.0 

0.273 

0.466 

0.694         0.995 

0.134 

5.0 

0.261 

0.330 

0.703         0.940 

0.174 

6.0 

0.367 

0.495 

0.698         0.894 

0.265 

7.0 

0.478 

0.520 

0.675         0.825 

0.385 

8.0 

0.353 

0.519 

0.570         0.767 

0.605 

9.0 

0.318 

0.438 

0.438         0.635 

0.601 

10.0 

0.215 

0.346 

0.249         0.419 

0.449 

11.0 

0.155 

0.119          0.269 

0.223 

Oak  Bark  Extract 

Total  Solids  =  88.2 

Total  Solids  = 

=  42.3  Grams 

PER  Liter                Grams  per  Liter 

pHof 

Grams  Tannin  Fixed  by  2  Grams     Grams 

Tannin  Fixed  by  2 

Tanning 

Hide  Powder  in                     Grams 

Hide  Powder  in 

Solution 

24  Hours 

2  Weeks 

24  Hours 

1.0 

0.796 

0.901 

1.248 

2.0 

0.891 

1.187 

1.056 

3.0 

0.411 

1.088 

0.343 

4.0 

0.242 

0.888 

0.208 

5.0 

0.267 

0.840 

0.229 

6.0 

0.306 

0.796 

0.255 

7.0 

0.439 

0.725 

0.349 

8.0 

0.477 

0.548 

0.599 

9.0 

0.359 

0.385 

0.442 

10.0 

0.284 

0.337 

0.346 

11.0 

0.210 

0.236 

0.237 
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Tabus  III— (.Concluded) 
Quebracho  Extract 
TorAL  Solids  =  18.3  Gkams  per  Liter 


Tanning 

Grams  Tannii 

1  Fixed  by  2  Grams  Hide  Powder  in 

Solution 

6  Hours 

24  Hours 

2  Weeks 

1.0 

0.668 

0.665 

0.564 

2.0 

0.622 

0.644 

0.770 

3.0 

0.498 

0.612 

0.S88 

4.0 

0.344 

0.631 

0.777 

5.0 

0.332 

0.6.53 

0.743 

6.0 

0.380 

0.596 

0.744 

7.0 

0.333 

0.613 

0.715 

8.0 

0.417 

0.599 

0.625 

9.0 

0.269 

0.366 

0.316 

10.0 

0.100 

0.258 

0.140 

11.0 

0.060 

0.120 

(-0.025) 

Wattle  Bark  Extract 
ToTAu  Solids  =  36.9  Grams 

PER  Liter  Total  Solids    =    61.4   Grams  per 

Grams  Tannin  Fixed  Liter 

pH  of        by  2  Grams  Hide    Grams  Tannin  Fixed  by  2  Grams 
Tanning  Powder  in  Powder  in 

Solution  24  Hours  24  Hours  2  Weeks 

1.0  1.034  1.255  1.840 

2.0  0.995  1.073  1.743 

3.0  0.681  0.548  1.152 

4.0  0.451  0.258  0.769 

5.0  0.521  0.250  -  0.7S4 

6.0  0.481  0.376  1.006 

7.0  0.549  0.538  0.957 

8.0  0.630  0.476  0.680 

9.0  0.473  0.175  0.151 

10.0  0.272  ...   a 

11.0  0.131 

a -Points  omitted  due  to  uncertain   titration   values     with    hydrogen 
electrode. 

Larch  Bark  Extract 

Total   Solids    =    98.8 
Total  Solids  =  49.4  Grams  per  Liter  Grams    per    Liter 

pH  of  Grams  Tannin  Fixed  by  2  Grams    Grams  Tannin  Fixed  by  2 

Tanning  Hide  Powder  in  Grams    Hide    Powder    in 

Solution  24  Hours  2  Weeks  24  Hours 

1.0  1.067  1.212  1.014 

2.0  1.111  1.443  0.970 

3.0  0.597  1.038  0.250 

4.0  0.248  0.694  0.150 

5.0  0.355  0.798  0.229 

6.0  0.441  0.825  0.303 

7.0  0.548  0.890  0.475 

8.0  0.627  0.727  0.551 

9.0  0.501  0.554  0.540 

10.0  0.416  0.421 

11.0  0.303  0.214 

Gambler  Extract 

TOTAL    SOLIDS    =    ;^l  }  GRAMS   PER  LiTER  '"^'^•;,J,°,^S.\.^J,'' 

pH  of       Grams  Tannin  Fixed  by  2  Grams       Grams  Tannin  Fixed  by  2 

Tanning  Hide  Powder  in                              Grams  Hide  Powder  in 

Solution  *24  Hours  t2  Weeks  24  Hours 

1.0  0.796  0.657 

2.0  0.S91  0.744                                 0.586 

3.0  0.411  0.510                                 0.393 

4.0  0.242  0.408                                   0.258 

5.0  0.267  0.412                                   0.249 

6.0  0.306  0.427                                    0.275 

7.0  0.439  0.476                                 0.272 

8.0  0.477  0.477                                 0.266 

9.0  0.359  0.368                                 0.391 

10.0  0.2S4  0.155                                   0.125 

11.0  0.210  (-0.011)                                0.006 

An  examination  of  the  cm'ves  sliows  certain  characteristics 
with  change  in  pH  of  the  tanning  solution: 

1 — A  minimum  is  always  obtained  in  the  neighborhood  of 
pH  of  5.0. 

2 — The  curves  rise  from  this  minimum  at  5.0  to  a  maximum 
at  pH  of  2.0  to  3.0  on  the  acid  side,  and  to  a  maximum  at  pH 
of  7.0  to  S.O  on  the  alkahne  side  of  this  minimum,  beyond  which 
there  is  a  drop  in  each  case.  In  the  concentrated  solutions  in 
the  more  acid  range,  the  mass  effect  of  the  increased  concen- 
tration of  tannin  is  manifested  by  an  increased  fixation  of  tannin. 

3 — With  high  concentrations  of  the  extract,  the  minimum 
at  pH  of  5.0  is  even  more  marked  than  with  the  more  dilute 
solutions,  as  would  be  expected  from  the  results  shown  in  the 
concentration  curves,  and  there  is  usually  a  considerably  greater 
amount  of  tannin  fixed  at  corresponding  pH  values  during  iden- 
tical time  periods. 

It  will  be  recalled  that  the  isoelectric  point  of  collagen 
(hide  powder,  to  be  exact)  has  been  estabhshed  as  at  pH  of 
5  by  work  in  this  laboratory'''  using  the  dye  fixation  method, 
and  by  Porter'^  in  England  using  degree  of  swelling.  The 
work  of  Porter,  who  studied  the  swelling  of  liide  powder  over 
a  pH  range  from  —0.3  to  13.9,  showed  a  minimum  at  pH  of 
4.8,  while  maxima  appeared  at  pH  of  2.2  and  pH  of  12.5. 
Wilson  and  GaUun,'^  in  a  study  of  the  plumping  of  calfskin 
at  7°  C.  as  a  function  of  concentration  of  hydrogen  ion, 


observed  two  minimum  points  of  plumping  at  pH  of  5.1 
and  7.6,  respectively,  and  they  suggest  that  these  two  points 
of  minimum  represent  the  isoelectric  points  of  two  different 
forms  of  collagen,  which  undergoes  a  change  of  form,  possibly 
an  internal  rearrangement,  in  passing  from  acid  to  alkaline 
solution.  Wilson  and  Kern"  also  observed  a  similar  un- 
expected phenomenon  for  the  swelling  of  gelatin  at  7°  C, 
one  minimum  at  the  generally  accepted  isoelectric  point, 
pH  of  4.7,  and  another  at  pH  of  7.7.  It  is  further  to  be 
noted  that  Thomas  and  Foster"  have  shown  that  vegetable 
tannin  particles  are  amphoteric  in  character,  with  isoelectric 
points  from  2.0  to  2.5,  being  negatively  charged  when  the 
hydrogen-ion  concentration  falls  below  this  figure  and  posi- 
tively charged  in  more  acid  solutions.  All  these  factors 
are  involved  in  an  explanation  of  the  curves  obtained. 

Mechanism  of  Tanning 

Various  theories  have  been  put  forward  from  time  to  time 
to  explain  the  mechanism  of  tanning.  Seguin  (1796)" 
recognized  that  tanbark  contained  a  "particular  principle" 
which  was  soluble  in  water  and  gave  a  precipitate  with 
gelatin,  and  he  pointed  out  that  tliis  principle  fixed  itself 
upon  the  liide  in  tannage,  effecting  a  "specific  combination" 
between  the  tanning  material  and  the  hide.  Kjiapp  (1858)^" 
considered  tanning  to  result  from  a  precipitation  of  the  tan- 
ning material  upon  the  fibers  of  the  hide,  resulting  in  a  pro- 
tective coating.  This  theory  has  been  generally  discarded, 
although  Moeller"  has  recently  revived  the  idea.  The 
present-day  theories  are  of  two  main  types — one  viewpoint 
being  that  tanning  is  a  purely  physical  adsorption  following 
the  Freundhch  adsorption  isotherm,  the  other  regarding 
tanning  as  of  a  chemical  nature.  Two  important  chemical 
theories  have  been  advanced,  one  based  upon  the  modern 
conceptions  concerning  the  physical  chemistry  of  the  proteins, 
the  other  involving  oxidation  reactions  of  complex  organic 
compounds. 

Physical-Chemical  Theory— Tliis  viewpoint  rests  upon 
the  conception  that  proteins  are  amphoteric  electrolytes  capa- 
ble of  reacting  to  form  salts  with  either  acids  or  bases,  accord- 
ing to  the  hydrogen-ion  concentration  of  the  solution  in  which 
the  protein  is  placed,  the  isoelectric  point  being  that  point 
between  these  two  regions  at  which  ionization  values  of  the 
protein,  as  base  and  acid,  are  equal  and  at  a  minimum. 
Starting  with  this  viewpoint  and  employing  the  Donnan 
theory  of  membrane  equilibria,^  Procter^'  in  1914  and  Procter 
and  Wilson^  in  1916  were  able  to  explain  quantitatively  the 
swelling  of  gelatin  jeUies  in  acid  solution,  while  in  1918," 
by  a  more  general  treatment,  the  theory  was  extended  to 
include  the  explanation  of  swelUng  of  any  colloid  jelly.  Loeb,'' 
working  with  gelatin,  casein,  and  egg  albumin,  has  extended 
the  work  to  explain  the  other  properties  characteristic  of 
colloidal  behavior — viz.,  electrical  potential  difference,  vis- 
cosity, osmotic  pressure,  and  stability.  All  these  properties 
are  a  function  of  the  hydrogen-ion  concentration  of  the  pro- 
tein solution  and  of  the  valency  of  the  ion  in  combination 
with  the  protein.  The  curves,  in  which  the  values  for  any 
of  the  above-mentioned  properties  are  plotted  against  the 
pH  values  of  the  equihbrium  solution,  exhibit  points  of  min- 
ima at  the  pH  corresponding  to  the  isoelectric  point  of  the 
protein,  rising  rapidly  to  maxima  on  either  side  as  the  pH 
of  the  solution  moves  away  from  the  isoelectric  point,  and 
again  faOing  off  as  the  distance  from  the  isoelectric  point  is 
further  increased.  For  all  monovalent  ions  in  combination 
with  the  protein,  maximum  values  for  any  given  property 
are  identical,  while  for  all  divalent  ions  a  lower  maximum 
value  is  obtained,  but  at  the  same  pH  value  for  the  equil- 
ibrium solution.  Moreover,  added  neutral  salt  always 
effects  a  reduction  in  value  of  the  property  in  question — • 
e.  g.,  swelling,  potential  difference,  etc. — while  increase  in 
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the  amount  of  protein  causes  an  increase  in  value  of  the  prop- 
erty under  consideration,  p^o^^ding  that  the  concentration 
of  hydrogen  ion  of  the  protein  solution  remains  unchanged. 
The  addition  of  nonelectrolytes  is  without  effect  on  the  value 
of  the  given  property.  The  Donnan  theory  furnishes  a 
complete  and  satisfactory  explanation  of  this  behavior,  as 

^^~~'~'*-Tanned Ponders  Washed wif-h  Distilled H/afer 
°  °  Tanned  Ponders  Washed  mt/i  Buff'er  SoluHons 

of  Same  PH* as  Tanning  Soluh'ons 


01       234       56789      10 

PH.-^of  Tanning  Solution  (Hemlock  Bark  Extract 
Concentration  of24^m.  Total  Solids  per  Liter) 


has  been  shown  bj'  Procter  and  Wilson  and  by  Loeb.  This 
theory,  based  upon  thermodjTiamic  reasoning,  predicts  the 
equUibrium  conditions  wliich  wiU  arise  in  a  system  in  wliich 
a  membrane  separates  two  solutions  of  electrohiies,  one  of 
which  contains  one  ion  which  cannot  diffuse  through  the 
membrane,  while  all  other  ions  are  readily  diffusible.  The 
result  is  an  unequal  distribution  of  the  diffusible  ions  on  the 
opposite  sides  of  the  membrane,  such  that,  at  equilibrium, 
the  products  of  the  concentrations  of  each  pair  of  oppositely 
charged  diffusible  ions  are  the  same  for  opposite  sides  of  the 
membrane.  As  a  necessary  result  of  this  unequal  distribu- 
tion of  ions  at  equihbrium,  there  is  developed  an  electrical 
potential  difference  which  should  have  a  minimiun  value 
at  the  hydrogen-ion  concentration  corresponding  to  the 
isoelectric  point  of  the  protein,  and  should  exhibit  maximum 
values,  followed  by  a  decline  as  the  hydrogen-ion  concentra- 
tion of  the  solution  is  either  increased  or  decreased  from  the 
isoelectric  point.  Moreover,  this  excess  concentration  of 
diffusible  ions  gives  rise  to  osmotic  pressure  and,  if  we  are 
dealing  ^ith  a  jelly,  causes  sweUing. 

The  Procter-Wilson-''^^  theory  of  tanning  is  based  upon 
this  physico-chemical  point  of  view.  CoUagen,  when  placed 
in  a  shghtly  acid  solution,  such  as  is  commonly  employed 
in  tanning  operations,  is  prevented  from  diffusing  by  its 
jellj'-like  character.  Consequently,  a  Donnan  eqmlibrium 
is  set  up  wliich  results  in  the  estabhshment  of  a  potential 
difference  between  the  positively  charged  coUagen  and  the 
solution.  If  all  other  factors  are  kept  constant,  the  magni- 
tude of  tliis  potential  difference  will  depend  upon  the  acidity 
of  the  solution.  Likewise,  each  tannin  particle  is  negatively 
charged.  There  is  of  necessity  a  resulting  tendency  of  these 
opposite  charges  to  neutrahze  each  other,  which  is  measured 
by  the  sum  of  their  absolute  values.  It  is  this  potential 
difference  wliich  is  believed  to  provide  the  mechanism  that 
brings  the  tannin  particles  into  intimate  contact  with  the 
collagen,  and  is  therefore  the  most  important  factor  in  the 
control  of  the  initial  rate  of  tanning. 


Oxidation  Reactions — A  second  chemical  viewpoint  is  that 
tanning  is  the  result  of  oxidation  between  quinone-like  bodies 
present  in  the  tanning  solution  and  amino  groups  in  the  col- 
lagen molecule.  The  cliief  exponents  of  these  oxidation 
theories,  which  are  as  yet  very  imperfectly  understood  for 
vegetable  tanning,  have  been  ^Meunier,''"  Fahrion,-^  and 
Powarnin.-' 

With  this  in  mind,  the  rise  in  the  curves  in  the  acid  range 
from  the  minimum  at  pH  =  5.0  to  the  maximum  at  about 
pH  =  2.0  is  readily  understandable  from  the  viewpoint 
of  the  Procter-Wilson  theory.  The  curves  parallel  the 
swelling  curves  of  Porter"  for  collagen,  and  Loeb's  work' 
with  gelatin  has  demonstrated  that  changes  in  swelling 
and  potential  difference  are  practically  coincident,  each 
showing  a  minimum  at  the  isoelectric  point  of  the  protein 
and  maxima  at  identical  pH  values  on  either  side  of  the  iso- 
electric point.  We  should  therefore  expect  coUagen  to  be 
positivelj'  charged  in  this  range  of  pH  values,  with  a  mini- 
mum potential  difference  at  pH  =  5.0,  and  a  gradual  in- 
crease in  potential  difference  as  the  pH  decreases  to  2.0. 
Consequently,  the  reaction  of  the  positively  charged  collagen 
with  the  negativelj-  charged  tannin  particles  should  exhibit 
a  minimum  rate  of  fixation  at  pH  =  5.0  and  an  increase  in 
fixation  from  5.0  to  2.0.  It  is  rather  surprising,  however, 
to  find  that  tannin  is  fixed  on  both  sides  of  the  isoelectric 
point  of  coUagen  (5.0)  since  it  has  been  generaUy  conceded 
that  tanning  could  take  place  only  in  acid  solution.  MoeUer^* 
reported  that  adsorption  of  quebracho  extract  by  hide  powder 
was  increased  when  acid  was  added  to  the  tanning  solution, 
but  that  practically  no  adsorption  took  place  in  alkaline 
solution.  In  the  discovery  by  WUson  and  GaUun'^  of  two 
points  of  minimum  sweUing  for  calfskin,  at  pH  =  5.0  and 
7.7,  respectively,  we  have  a  possible  explanation  of  fixation 
through  part  of  this  alkaline  range.  Assuming  two  forms 
of  collagen  and  an  intramolecular  change  in  this  region 
resulting  in  an  equilibrium  between  the  one  form.  A,  stable 
in  acid  solution  and  with  an  isoelectric  point  at  pH  =  5.0, 
and  the  other  form,  B.  stable  in  alkaline  solution  and  with  an 
isoelectric  point  at  pH  =  7.7,  it  follows  that,  with  increasing 
amounts  of  B,  positively  charged,  in  the  solution,  as  the  pH 
increases  from  5.0  to  7.7  reaction  wiU  naturaUy  take  place 
at  an  increasing  rate  with  the  negatively  charged  tannin 
particles.  The  Procter-Wilson  theory  furnishes,  therefore, 
a  satisfactory  working  hypothesis  for  tannin  fLxation  in 
the  pH  range  from  2.0  to  7.7. 

It  is  to  be  noted,  however,  that  beyond  the  maximum 
points  of  fLxation  at  pH  of  approximately  2.0  and  7.7,  re- 
spectively, the  curves  show  clearly  that  very  defuiite  tannin 
fixation  has  taken  place,  although  there  is  considerable  falling 
off  in  the  rate  of  tanning.  The  Procter-WUson  theory  faUs 
to  account  for  fLxation  at  these  extremes  of  pH,  since  the 
electrical  charges  on  the  coUagen  and  tannin  particles  are 
identical  in  sign  in  these  areas,  both  being  positively  charged 
at  a  pH  below  2.0,  and  both  being  negatively  charged  at  a 
pH  above  8.0.  The  question  arises  whether  this  fLxation  is 
not  merely  an  apparent  one,  due  to  change  in  pH  during 
washing  of  the  tanned  powders  with  distilled  water,  whereby 
the  tanning  solution  might  have  been  fixed  through  removal 
of  acid  or  alkali  by  the  distUled  water  before  being  completely 
removed  itself ;  but  this  question  has  been  effectively  answered 
by  several  experiments  in  which  both  tanning  and  washing 
solutions  were  at  identical  pH  values,  as  shown  below. 

Experiments  were  run  in  wiiich  2.000-gram  samples  (drv' 
basis)  of  hide  powder  were  tanned  for  24  hours  with  100-cc. 
portions  of  taiming  solution  of  definite  pH.  The  tanned 
pow^ders  were  then  transferred  to  the  WUson-Kern  extractors 
and  each  sample  was  washed  with  a  buffer  solution,  whose 
pH,  by  electrometric  titration,  had  been  made  identical 
with  that  of  the  original  tanning  solution,  this  washing  being 
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continued  until  uncombined  tannin  had  been  completely 
removed,  as  evidenced  by  a  negative  gelatin-salt  test  on  the 
filtrate.  The  washing  was  then  continued  with  distilled 
water  until  the  buffer  solution,  in  turn,  had  been  completely 
removed,  as  well  as  non-tans.  The  samples  were  finally 
dried  and  weighed  in  the  usual  fashion  for  determination  of 
tannin  fLxed. 

Results  of  the  average  of  two  duplicate  sets  of  values  ob- 
tained by  this  method  are  recorded  in  Table  IV  and  Fig.  4, 
and  the  average  values  for  tannin  fixed  are  given,  together 
with  the  corresponding  values  obtained  in  an  earlier  experi- 
ment where  the  washing  was  done  with  distilled  water  in 
the  usual  fashion. 

Table  IV — Effect  of  Natuf.e  of  Washing  Solution 


Grams  Tanni 

N    Fl.XED  BY    2 

pHof 
Tanning 

Grams  Hide  Powder  Washei 
Washing  Solution         With  Buffer     With  Distilled 

Solution 

Employed                     Solutions 

Water 

1.0 
2.0 
3.0 
4.0 

HCl  (approit.  0.1  M)               0.613 
HCl  (approx.  0.01  M)             0.790 
HCl  (approx.  0.001  M)            0.742 
HCl  (approx.  0.0001  M)         0.458 

o.'si2 

0.6S6 
0.466 

5.0  1 

6.0 

7.0 

8.0 

9.0j 

Mixtures    of    M    /15                o'tlt 
primary  potassium                o'417 
and  secondary  so-                0  409 
dium   phosphates                   JJjM 

0.330 
0.495 
0.520 
0.519 
0.438 

10.0 

NaOH  (approx.  0.001  M)      0.362 

0.346 

Since  a  comparison  value  at  pH  of  1.0  was  lacking  in  this 
set,  the  following  values  were  obtained,  using  wattle  bark 
extract  at  pH  of  0.9,  the  values  being  run  in  duplicate: 

Table  V — Effect  of  Nature  of  Washing  Solution 

Grams  Tannin  Fixed  by  2 
Washing  Solution  Employed  Grams  Hide  Powder 

Distilled  water  0.987 

HCl  (pH  =  0.9;  approx.  0.1  M)  0.739 

An  examination  of  these  results  shows  that  the  curves 
obtained  upon  wasliing  with  buffer  solutions  parallel  closely 
the  one  obtained  upon  washing  with  distillecl  water  in  the 
range  from  pH  of  2.0  to  4.0,  where  hydrochloric  acid  of  low 
concentration  was  employed,  and  again  at  pH  of  10.0,  where 
0.001  M  sodium  hydroxide  was  used.  At  pH  of  1.0,  where 
the  concentration  of  hydrochloric  acid  used  for  wasliing  was 
approximately  0.1  M,  the  fixation  was  slightly  lowered, 
but  real  values,  both  for  hemlock  and  wattle  extracts,  were 
obtained  for  taimin  fixed.  In  the  range  from  5.0  to  9.0, 
where  mixtures  of  M/15  phosphate  solutions  were  used  in 
washing  the  tanned  powders,  the  variations  from  the  normal 
pH  curve  are  merely  due  to  a  salt  effect,  showing  an  increase 
in  fixation  at  pH  of  5.0,  and  a  decrease  from  pH  of  7.0  to 
9.0,  similar  in  every  way  to  the  changes  produced  where 
salts  are  added  to  the  tanning  liquors  prior  to  addition  to 
the  hide  powders,  which  will  be  discussed  in  a  separate  paper. 

It  can  safely  be  concluded,  therefore,  that  the  fixation  of 
tannin  at  pH  values  of  1.0  to  2.0,  and  8.0  to  10.0  is  a  real 
and  not  an  apparent  one,  and  consequently  that  some  other 
factor,  possibly  oxidation  reactions,  in  addition  to  the  co- 
precipitation  of  oppositely  charged  colloidal  particles,  con- 
tributes to  the  fixation  of  vegetable  tannins  by  collagen. 

Evidence  for  a  difference  in  kind  of  fi.xation  of  tannin  in 
alkahne  solutions  as  compared  to  that  in  acid  solutions, 
shown  by  alcohol  extraction  of  the  tanned  leathers,  will  be 
described  in  a  later  paper. 

Time  Factor  in  Fixation  of  Tannin 

From  the  foregoing  tables  and  graphs,  the  effect  of  the 
time  factor  on  fixation  of  tannin  by  hide  powder  may  be 
observed.  The  time  effect  may  be  best  studied  with  the 
family  of  curves  obtained  with  hemlock  extract,  where  the 
fixation  from  the  more  dilute  solution,  with  changing  pH, 
was  studied  for  time  intervals  of  6  hours,  24  hours,  2  weeks, 
and  21.5  weeks.  The  characteristic  muiimum  at  pH  =  5.0, 
obtained  in  the  shorter  periods,  is  gradually  ehminated, 
being  hardly  noticeable  in  the  2  weeks'  tanning  period  and 


completely  disappearing  in  21.5  weeks.  The  amount  of 
tannin  fixed  is  always  greater  with  increasing  time,  but  while 
the  minimum  at  5.0  disappears,  the  maximum  at  2.0  to  3.0 
is  steadily  maintained,  thus  indicating  that  not  only  is  fixa- 
tion of  higher  rate  at  this  optimum  acidity,  but  of  higher 
absolute  attainment  as  well.  From  the  data  given  in  Table 
III  it  is  evident  that  equilibrium  has  almost  been  reached  in 
21.5  weeks  at  pH  of  2.0  and  10.0  to  11.0,  but  has  been  only 
approximately  attained  at  the  other  pH  values.  Further- 
more, it  is  interesting  to  observe  that,  with  the  more  as- 
tringent extracts,  the  flat  type  of  pH  curve  is  reached  in 
dilute  solution  in  a  fairly  short  tanning  period — e.  g.,  2  weeks 
with  quebracho. 

The  question  as  to  the  extent  to  wliich  hydrolysis  may  have 
been  responsible  for  the  curves  has  also  been  investigated. 
For  a  tanning  period  of  24  hours,  analysis  of  the  original 
extract  and  of  aliquot  portions  of  the  filtrate  for  nitrogen  by 
the  KjeldalJ  method  showed  no  hydrolysis  at  pH  =  1  to 
pH  =  8,  a  trace  at  pH  =  9,  and  1.7  per  cent  hydrolysis 
of  the  hide  powder  at  pH  =  10.  For  the  21.5-week  period, 
with  the  less  concentrated  hemlock  extract,  in  which  hy- 
drolysis would  have  most  opportunity  to  show  its  effect, 
a  similar  analysis  of  the  filtrates  showed  that  only  at  the 
extremes  of  pH  (1.0  and  11.0)  was  there  sufficient  hydrolysis 
to  account  for  the  drops  in  the  curve,  as  follows: 

pH  of  tanning  solution        1.0  3.0  SO  9.0  11.0 

Per  cent  hydrolysis  20.6  0.29  0.18  1.86  4.22 

It  is  apparent  that  except  for  the  extremes  of  acidity  or 
alkalinity  in  the  long  time  experiment  above,  the  question 
of  hydrolysis  affecting  the  results  reported  may  be  excluded 
as  of  no  significance. 
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Conditions  Affecting  the  Hydrolysis  of  Collagen  to  Gelatin' 
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THERE  has  been  but 
little  work  reported 
dealing  with  the  hy- 
drolysis of  collagen.  Hof- 
meister'  as  far  back  as  187S 
regarded  the  change  of  col- 
lagen to  gelatin  as  a  simple 
hydration,  one  molecule  of 
water  being  added  to  each 
molecule  of  collagen: 


Conditions  affecting  the  hydrolysis  of  collagen  to  gelatin  and  of 
gelatin  to  its  degradation  products  haoe  been  studied  and  the 
results  tabulated  and  discussed.  The  conditions  studied  include 
hydrogen-ion  concentration,  presence  of  salts,  temperature,  dura- 
tion of  heating,  ratio  of  stock  'o  u)ater,  agitation,  condition  of  stock, 
and  the  plumping  reagent. 

The  evidence  upon  the  constitution  of  collagen  and  its  relation 
to  gelatin  has  been  discussed,  and  the  findings  of  the  present  report 
brought  to  bear  upon  this  problem,  indicating  that  collagen  is  not 
a  simple  anhydride  of  gelatin,  but  rather  a  polarization  complex 
produced  by  chemical  condensation. 


Cio-iHugOssNai  +  H.O  : 
Collagen 


CioiHisiOaaNji 
Gelatin 


He  regarded  collagen,  therefore,  as  a  sirnple  anhydride  of 
gelatin,  and  considered  the  reaction  as  reversible,  since, 
on  heating  the  gelatin  to  130°  C,  he  believed  he  obtained  a 
regeneration  of  the  collagen.  This  material  was  much  less 
soluble  than  gelatin,  but  Alexander,^  and  also  Emmett  and 
Gies''  have  contended  that  the  conversion  of  collagen  to  gela- 
tin was  more  complex  and  not  reversible.  The  latter  investi- 
gators found  that,  whereas  collagen  was  not  attacked  by 
trypsin,  yet  normal  gelatin  and  also  dehydrated  (at  130°  C.) 
gelatin  were  readily  attacked  by  that  enzyme.  They  also 
reported  that  ammonia  was  evolved  upon  heating  collagen  in 
water,  wliile  this  did  not  occur  upon  a  similar  treatment  of 
gelatin. 

Plimmer''  beheves  that  the  difference  in  the  action  of  pepsin 
and  trjTDsin  hes  in  the  ability  of  the  former,  and  the  inability 
of  the  latter,  to  open  up  an  anhydride  ring.  He  thinks  that 
all  proteins  which  are  resistant  to  the  action  of  trypsin  until 
they  have  been  acted  upon  by  pepsin  "have  all  their  units  con- 
tained in  the  anhydride  ring."  Thus,  the  conversion  of  col- 
lagen to  gelatin  might  be  represented: 


R 


NH 
I     +  H.0- 

co 

CoUagen 


/NH 


COOH 
Gelatin 


The  present  investigation  was  undertaken  in  the  hope  that 
further  Mght  might  be  found  which  would  indicate  the  nature 
of  the  conversion  into  gelatin,  and  more  particularly  to  study 
the  several  conditions  affecting  the  hydrolj'sis.  The  pro- 
cedure adopted  involved  an  hydrolysis  in  water  or  other 
electrolyte  for  a  definite  period  at  a  definite  temperature. 
The  distribution  of  the  nitrogen  between  that  recovered  in 
the  solution,  that  evolved  as  ammonia  during  hydrolysis,  and 
that  remaining  in  the  residue,  was  determined.  The  amino 
nitrogen  was  determined  as  one  means  of  checking  the  extent 
to  which  the  gelatin  molecule  had  been  degraded  during  the 
hydrolysis.  The  H-ion  concentration  was  determined  elec- 
trometricaUy  in  the  solution.  The  viscosity  and  jelly  con- 
sistency were  also  determined  as  further  checks  on  the  degree 
of  hydrolysis  that  had  taken  place. 

'Received  June  9,   1923.       Presented  at  the   First  National    Sympo- 
sium on  Colloid  Chemistry,  Madison,  Wis.,  June  12  to  IS,  1923. 
»  Z.  thysiol.  Chem.,  2,  299  (1878). 

>  Allen,  ■'Commercial  Organic  Analysis,"  8,  586  (1913). 
«  J.  Biol.  Chem.,  3,  33  (1907). 
•  "Chemical  Constitution  of  the  Proteids,"  2nd  ed.,  1912,  Part  II,  p.  11. 


Experimental 

The  stock  used  through- 
out the  greater  part  of  these 
experiments  consisted  of 
weD-limed  hide  pieces.  The 
liming  had  been  carried  out 
at  the  glue  factory  in  the 
usual  way  by  soaking  the 
hide  cuttings  in  milk  of 
hme,  with  occasional 
changes,  for  about  10 
weeks.  It  was  kept  in  the 
cooler  and  used  as  required.  Except  as  especially  noted 
below,  the  stock,  preparatory  to  use,  was  washed  several 
times  in  water  at  about  15°  C.  until  all  dirt,  hair,  and  lime 
that  could  be  removed  had  been  freed  from  the  stock.  The 
fatty  portions  on  the  inner  surface  were  removed  and  the 
trimmings  cut  into  uniformly  sized  pieces  of  about  2  x  V2 
X  V:  inches.  These  were  then  ready  for  the  hydrolysis.  The 
water  content  and  the  total  nitrogen  by  a  modified  Kjeldahl 
method  were  determined  as  these  values  were  necessary  for 
the  final  calculations. 

Five  hundred  grams  of  stock  prepared  as  above  were 
weighed  into  a  2-liter  flask  and  800  cc.  of  distilled  water  (or 
other  solution)  at  80°  C.  added.  The  flask  was  at  once  placed 
in  a  water-oil  thermostat  regulated  to  a  temperature  of  80°  C 
=^0.1°.  Air,  purified  by  passing  through  a  solution  of  po- 
tassium hydroxide  and  saturated  with  water  by  passing 
through  water  at  80°  C,  was  caused  to  bubble  slowly  through 
the  flask  and  then  passed  tlirough  a  measured  quantity  of 
standard  0.1  A^  hydrochloric  acid.  By  a  subsequent  titration 
any  ammonia  evolved  during  the  hydrolysis  was  determined. 
The  flask  was  aUowed  to  remain  undisturbed  for  exactly 
8  hours,  at  the  end  of  which  period  the  solution  was  strained 
through  a  100-mesh  sieve  and  put  m  the  cooler  until  the  fol- 
lowing day.  The  residue  was  in  some  cases  examined  for 
water  and  nitrogen  content  to  find  the  nitrogen  unrecovered, 
but  this  procedure  was  found  to  check  that  found  by  differ- 
ence between  100  and  the  nitrogen  recovered  in  solution  plus- 
the  nitrogen  evolved  as  ammonia,  and  so  was  discarded. 
The  solution  was  placed  in  a  water  thermostat  regulated 
to  35°  C.  =t  0.03°,  and  aU  measurements  were  made  at  that 
temperature.  The  total  nitrogen  of  the  solution  was  de- 
termined by  a  modified  Kjeldahl  method,  and  recorded  as 
percentage  of  the  total  nitrogen  of  the  original  stock  re- 
covered in  solution.  The  ammo  acid  nitrogen  was  determined 
by  both  the  nitrous  acid  method  of  Van  Slj'ke^  and  the  formal- 
dehyde titration  method  of  Sorensen.'  The  former  method, 
gave  results  a  httle  higher  than  the  latter  in  most  instances. 
The  hydrogen-ion  concentration  was  determined  by  the- 
use  of  the  hydrogen  electrode,  using  the  apparatus  of  Clark* 
and  a  0.1  A''  potassium  chloride  calomel  half  cell.  A  poten- 
tiometer was  emploj'ed. 

The  viscosity  was  measured  at  35°  C.  by  means  of  an  Ost- 
wald  capillary-tube  viscometer,  and  expressed  as  seconds  of 
outflow  (since  relative  results  only  were  desired).     The  jelly 

•  J.  Biol.  Chem.,  9,  185  (1911);  12,  275  (1912),  16,  121  (1913);  23,  407 
(1915). 

'  Biochem.  Z.,  7,  45  (1908). 

«  "The  Determination  of  Hydrogen  Ions,"  1920,  p.  129.  Williams  & 
Wilkins  Co.,  Baltimore. 
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consistency  was  measured  by  an  improved  instrument  of 
the  Lipowitz'  type.  The  solution  was  placed  in  a  closed 
jar  4  X  1.5  inches,  and  set  in  the  cooler  at  5°  C.  for  24  hours. 
The  pressure  necessary  to  force  a  Vs-inch  glass  rod  through 
the  surface  was  measured  and  this  expressed  as  grams. 
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Fig.    1 — Effect    op    H-Ion    Concentration    of    Hydrolyzing    Solu- 
tion ON  THE  Percentage  of  the  Total  Nitrogen  Recovered  in  the 
Solution 

Varying  Hydrogen-Ion  Concentration 

In  the  first  series  the  solutions  added  to  the  stock  consisted 
of  dilute  hydrochloric  acid,  water,  and  sodium  hj^droxide  of 
such  concentrations  that  the  final  solution  as  recovered  varied 
in  H-ion  concentration  from  pH  0.1  to  pH  12.4.  About 
thirty-five  runs  were  made,  so  that  the  interval  in  pH  be- 
tween different  runs  was  in  all  cases  shght. 

In  Figs.  1  to  5  are  plotted  the  curves  for  the  several  de- 
terminations. In  each  case  the  pH  is  indicated  on  the  ab- 
scissa. The  ordinates  represent,  in  Fig.  1,  the  percentage  of 
the  total  nitrogen  recovered  in  the  solution;  in  Fig.  2,  the 
percentage  of  the  total  nitrogen  evolved  as  ammonia;  in 
Fig.  3,  the  percentage  of  the  nitrogen  of  the  solution  which  is 
in  the  form  of  terminal  amino  groups;  in  Fig.  4,  the  viscosity 
of  the  solution  at  35°  C.  expressed  in  seconds  of  outflow 
through  an  Ostwald  viscometer;  and  in  Fig.  5,  the  jelly 
strength  of  the  gel  at  5°  C.  in  grams. 

•  Bogue,  "Chemistry  and  Technology  of  Gelatin  and  Glue,"  1922,  p  371. 
McGraw-Hill  Book  Co.,  New  York. 
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Fig.    2 — Effect  of  H-Ion  Concentration  of    Hydrolyzing   Solution 
on  the  Percentage  of  Nitrogen  Evolved  as  NHi 


The  figures  bring  out  a  few  points  which  should  be  empha- 
sized. In  the  fii'st  place,  there  is  a  great  deal  of  fluctuation 
from  the  mean  curves  which  may  be  drawn  from  the  data. 
A  single  test  at  any  point  means  very  Httle,  and  it  is  only  by 
the  accumulation  of  a  considerable  number  of  analyses 
that  we  are  permitted  to  draw  representative  curves.  This 
is  due  to  the  iiTegularity,  in  spite  of  care  in  selection,  of  the 
stock  employed,  and  of  its  water  and  nitrogen  content. 
But  from  the  large  number  of  data  in  hand  we  are  justified 
in  making  specific  conclusions. 

Fig.  1  shows  that  when  the  concentration  of  acid  in  the 
hydrolyzing  mixture  is  such  as  to  bring  the  acidity  of  the  final 
solution  to  about  pH  5  or  6,  the  hydrolysis  is  least,  only  about 
30  per  cent  of  the  nitrogen  of  the  stock  passing  into  solution 
under  the  conditions  of  the  experiment.  At  shghtly  stronger 
concentrations  of  acid  the  hydrolysis  increases  markedly, 
and  it  also  increases,  but  less  rapidly,  with  increasing  alka- 
linity. 

Fig.  2  shows  that  up  to  a  pH  of  5.4  there  is  practically  no 
evolution  of  ammonia,  as  of  course  would  be  expected,  but 
that  above  pH  5.4  ammonia  is  evolved  in  amounts  increasing 
rapidly  with  the  alkalinity  of  the  solution. 

Fig.  3  indicates  the  extent  of  the  secondary  hydrolysis^ 
namely,  the  breaking  do^vn  of  the  gelatin  molecule  into  its 
degradation  products,  proteose,  peptone,  and  amino  acids. 
Throughout  the  range  of  pH  3  to  S  this  secondary  hydrolysis 
is  slight,  but  beyond  either  of  these  limits,  and  especially  at 
moderately  high  alkaline  concentration,  as  pH  12,  it  be- 
comes very  important. 

The  variation  in  viscosity  mth  pH  of  hydrolyzing  solution 
is  shown  in  Fig.  4.  There  is  indicated  a  distinct  minimum  at 
pH  4.7  and  a  maximum  at  pH  7.5  to  8.0.  There  is  also  a 
lesser  high  point  at  pH  4.1. 

The  jelly  strength  curve  showm  in  Fig.  5  is  very  similar  to 
the  'N-iscosity  cur\-e. 
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Fig.  3 — Effect  of  H-Ion  Concentration  of  Hydrolyzing  Solution 
on    the    Percentage   op   Amino   Acid   Nitrogen   Recovered   in   thb 

Solution 

Influence  of  Salts 

It  seemed  possible  that  the  excess  of  hme  which  remained 
in  the  stock  after  the  washing  as  usually  carried  out  might 
influence  the  results,  and  a  number  of  runs  were  made  fol- 
lowing a  special  preliminary  treatment.  The  stock  was 
first  washed  several  times  with  cold  water,  and  then  placed 
in  a  ball  mUl  with  a  solution  of  about  0.01  A'^  hych-ochloric 
acid.  Tliis  washing  was  followed  again  by  a  washing  in 
water.  This  left  the  stock  practically  neutral,  as  showii  by 
the  fact  that  an  hydrolysis  in  pure  water  gave  a  final  solu- 
tion of  pH  6.9. 
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Differeut  amounts  of  concentrated  hydi'ochloric  acid  were 
then  introduced  into  hydi'olyzing  solution  and  runs  made  as 
before.  There  was  no  observable  variation  in  the  resulting 
data  until  the  aciditj-  of  the  final  solution  showed  a  pH  of 
about  4.1.  From  pH  4.1  to  pH  2.6  the  solution  showed  a 
liigher  viscosity  and  jelly  strength  than  the  pre\-ious  tests 
of  similar  acidity,  but  the  amount  of  nitrogen  recovered  and 
the  degree  of  the  secondary  liydrolysis  were  not  noticeably 
altered.    Ammonia  was  not  determined  in  this  series. 

The  difference  in  the  curves  for  viscosity  and  jelly  strength 
are  shown  by  the  dotted  hnes  in  Figs.  4  and  5. 
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Fig.    4 — Effect  of  H-Ion  Concentration    of    Hydrolvzing  Solution 
ON  Viscosity  op  Product  at  35°  C. 

Influence  of  Temperature 

Having  estabUshed  the  general  direction  and  nature  of  the 
several  curves  Ulustrative  of  the  hydrolysis,  it  seemed  very 
desirable  to  determine  the  influence  which  a  number  of  other 
factors  exerted  in  the  process.  The  influence  of  temperature 
was  determined  by  making  the  runs  at  70°,  90°,  and  95°  C.  at 
seven  diflferent  H-ion  concentrations  each.  The  period  of 
heating  was  8  hours.  The  stock  was  washed  with  acid  as 
described  above,  since  the  results  were  found  to  be  more 
uniform  by  that  procedure.  Only  the  total  nitrogen  recovered 
in  the  solution  and  the  amino  acid  nitrogen  of  the  solu- 
tion were  determined,  since  these  data  defined  with  rea- 
sonable completeness  the  progress  of  the  hych-olysis. 

Fig.  6  shows  the  percentage  of  nitrogen  recovered  in  solu- 
tion plotted  against  the  pH  of  the  final  solution,  for  the 
foiu-  temperatures  studied.  The  80°  C.  curve  is  drawn  in 
from  Fig.  1.  The  general  tj-pe  of  curve  remains  much  the 
same  throughout,  but  the  depression  at  pH  5.5  becomes  less 
exaggerated  at  the  higher  temperatures. 

In  Fig.  7  the  amino  acid  nitrogen  of  the  solution  is  plotted 
against  the  pH  for  the  several  temperatures,  the  80°  C. 
curve  being  drawn  in  from  Fig.  3. 

Influence  of  Period  of  He.\ting 
A  series  of  runs  was  made  at  seven  different  H-ion  concentra- 
tions, tests  being  made  for  total  nitrogen  recovered  in  solu- 
tion and  amino  nitrogen  of  the  solution  at  intervals  of  6,  12, 
24,  72,  and  168  hours.  The  temperature  was  in  aU  cases 
80°  C.  Fig.  8  shows  the  curves  for  the  nitrogen  recovered  in 
solution  plotted  against  the  pH  of  the  final  solutions  for  the 
several  periods  of  heating.  The  curve  for  the  8-hour  period 
is  drawn  in  from  Fig.  1.  At  72  hours  the  cur\-e  is  nearly 
straight,  but  at  168  hours  a  depression  occurs  on  the  alkaline 
side.  This  is  probably  due  to  the  loss  of  an  appreciable 
quantity  of  nitrogen  as  ammonia  under  those  conditions. 
In  Fig.  9  the  amino  acid  nitrogen  of  the  solution  is  plotted 
against  the  pH  for  the  several  periods  of  heating,  and  the 


curve  for  the  8-hom'  period  drawn  in  from  Fig.  3.  At  72 
hours  from  70  to  80  per  cent  of  the  nitrogen  of  the  solution  is 
amino  acid  nitrogen,  and  at  168  hours  it  reaches  its  maximum 
at  92  per  cent  and  drops  on  the  alkaline  side.  This  drop  is 
also  probably  due  to  the  formation  of  ammonia. 

Influence  of  Ratio  op  Stock  to  Water 

Throughout  most  of  the  runs  500  grams  of  prepared  stock 
and  800  grams  of  water  were  used.  On  the  water-free 
basis  tills  became  98.85  grams  of  dry  stock  and  1201.15  grams 
of  water,  or  practically  100  to  1200.  Tliis  ratio  was  selected 
as  the  result  of  a  few  preliminary  experiments.  Ratios 
of  100:1400  and  100:1000  were  tried.  The  results  of 
these  preliminary  runs  indicated  that  increases  in  the 
water  ratio  hastened  somewhat  the  hydrolj'sis  of  collagen 
to  gelatin,  and  retarded  slightly  or  was  without  influence  on 
the  secondary  hydrolysis  of  the  gelatin  to  its  degradation 
products.  A  decrease  in  the  water  ratio  showed  the  op- 
posite tendency. 

From  these  observations  it  would  appear  that  a  high  water 
ratio  was  desirable  as  it  would  produce  the  greatest  amount 
of  undegraded  gelatin,  but  in  the  gelatin  plant  the  optimum 
amount  of  water  to  use  would  be  hmited  by  the  necessity 
later  of  evaporating  off  the  excess,  and  in  the  present  experi- 
ments it  was  desu'ed  to  obtain  a  test  for  jelly  consistency,  and 
this  would  not  have  been  feasible  "nith  the  100 :  1400  ratio. 
The  100  :  1200  ratio  was  verj'  satisf actor j'  from  this  point  of 
view,  while  the  100 :  1000  rmis  showed  a  smaller  recovery  of 
nitrogen  m  the  solutions,  and  a  shghtly  greater  secondary 
hydrolysis.  The  100 :  1200  ratio  was,  therefore,  adopted 
for  this  investigation. 

Effect  of  Agitation 

A  few  tests  were  made  to  determine  the  effect  which  agi- 
tation would  produce  on  the  hych'olj'sis.  Tliis  was  accom- 
pUshed  by  blowing  air  tlirough  the  hydrolyzing  mixture. 
The  air  was  first  passed  through  potassium  hj'droxide,  then 
through  water  at  80°  C,  and  then  into  the  stock  solutions. 
Four  different  rates  of  flow  were  used,  designated  as  rapid, 
medium,  slow,  and  zero.  The  rapid  was  about  ten  bubbles 
per  second;  the  medium,  about  four;  and  the  slow,  about  one. 

The  results  indicate  that  a  rapid  agitation  hastens  the 
primary  hydrolysis  of  collagen  to  gelatin,  but  is  without  in- 
fluence on  the  degradation  of  the  gelatin.  A  rate  of  about 
two  bubbles  per  second  was  employed  throughout  most  of 
the  experiments  in  this  investigation. 
90 
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5 — Effect  of  H-Ion  Concentration  op    Hydrolyzing    Solution 
on  Jelly  Strength  of  Product  at  10°  C. 

Effect  of  Condition  of  Stock 

casual  inspection  of  am*  lot  of  hide  stock  for  manufacture 
glue  will  show  that  it  is  of  verj'  un-uniform  material. 
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Some  of  the  pieces  will  be  very  thick  and  firm,  others  thiii  and 
limp.  There  will  be  a  heavy  layer  of  porous  fatty  material 
on  the  flesh  side  of  some  pieces  and  none  on  others.  Some 
pieces  wiU  be  covered  with  hair  and  other  pieces  will  be  en- 
tirely free  of  hair.  The  moisture  content  of  these  several 
types  will  also  vary  greatly.  It  is  obvious,  therefore,  that 
very  careful  selection  must  be  made  if  results  of  fair  uni- 
formity are  to  be  obtained. 
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Fig.    6 — Influence  op  Temperature  on  Total  N  Recovered  in  the 
Solution  at  Varying  pH 

The  size  to  which  the  pieces  were  cut  for  the  hydrolysis  was 
found  to  influence  greatly  the  rate  of  the  reaction.  Runs 
were  made  using  large,  thick  pieces;  strips  about  2  inches 
long  by  V2  inch  in  wdth  and  thickness;  and  pieces  cut  to 
approximately  V4-inch  cubes.  The  recovery  of  nitrogen  in 
the  solution  was  much  more  rapid  with  the  more  finely  cut 
pieces,  and  the  secondary  hydrolysis  was  also  greater  owing 
to  the  longer  exposure  of  the  gelatin  produced.  This  latter 
degradation  could  be  averted  largely,  however,  by  employ- 
ing a  shorter  period  of  heating.  It  would  seem  that  this 
should  be  of  importance  in  the  manufacturing  processes,  for 
by  cutting  the  stock  into  very  small  pieces  the  hydrolysis  of 
collagen  to  gelatin  is  accelerated,  a  shorter  period  of  heating 
is  required,  and  there  will  then  be  less  opportunity  for  the 
gelatin  to  become  further  degraded.  A  larger  yield  of 
higher  grade  product  should  result. 


The  Plumping  Reagent 

The  rate  with  which  the  coOagen  passes  into  solution  is 
dependent  in  large  measure  upon  the  treatment  which  it  has 
received  prior  to  the  hydrolysis.  As  a  result  of  a  series  of 
swelhng  experiments,  five  reagents  were  selected  as  of  es- 
pecial merit,  and  the  hide  pieces  swoUen  in  them  were  sub- 
jected to  hydrolysis  and  several  tests  made  on  the  resulting 
solutions.    The  results  are  tabulated  in  Table  I. 

The  water  content  of  the  dry,  salted  stock  before  treatment 
of  any  kind  was  34  per  cent.  After  thoroughly  washing, 
during  which  process  the  salt,  du't,  hair,  etc.,  were  removed 
(amountmg  to  33  per  cent  of  the  dry  matter  of  the  stock), 
the  stock  contained  70  per  cent  of  water.  As  wiU  be  seen 
from  the  table,  the  water  content  was  raised  from  70  to  89 
per  cent  in  the  lime  solution,  to  86  per  cent  in  the  lactic 
acid  solution,  and  to  lesser  amounts  in  the  others.  But  al- 
though the  water  content  of  the  lime  and  lactic  acid-swollen 
stock  was  about  the  same,  their  physical  conditions  were 
quite  different.  The  former  was  firm  and  showed  what  might 
be  called  turgor.  The  latter  was  very  Ump  and  water  could 
be  easily  squeezed  out  of  it. 

The  lime-soaked  stock  gave  the  highest  yield  of  nitrogen 
in  the  solution,  and  a  moderate  amino  acid  content.  The 
liighest  viscosity  and  swelling  were  obtained  with  the  borax, 
and  the  lowest  amino  acid  content  with  the  lactic  acid. 
These  irregularities  may  be  in  part  due  to  the  fact  that  equal 
weights  of  tlie  swoUen  stock  were  employed  in  the  hydrolysis 
rather  than  weights  which  would  be  equivalent  on  the  dry 
basis.  In  general,  however,  the  alkaline  swelling  reagents 
yielded  a  product  that  was  firm  and  went  most  easily  into 
solution,  but  the  excessive  hydi-olysis  into  amino  acids  was 
more  pronounced  than  in  the  acid-swoUen  stock.  The  latter 
was  Ump  but  gave  solutions  of  good  viscosity  and  jelly 
consistency. 

General  Discussion 

The  experiments  described  in  this  report  have  shown  that 
many  conditions  affect  the  hydi'olysis  of  collagen  to  gelatin. 
Of  these,  the  hydrogen-ion  concentration  of  the  hydrolyzing 
solution,  the  temperature,  and  the  duration  of  heating  are 
apparently  of  greatest  importance.  All  the  curves  recorded 
have  been  plotted  against  pH,  and  in  all  cases  a  minunum  is 
observed  in  the  region  of  the  isoelectric  point  (between  pH 
4.5  and  5.5),  and  in  every  case,  except  the  curve  for  ammonia 
evolved,  the  curves  rise  more  or  less  rapidly  on  either  the 
acid  or  alkaline  side  of  that  point.  In  the  case  of  the  ammonia 
evolved  during  the  hydrolysis,  the  curve  rises  rapidly  upon 
increasing  concentrations  of  alkali,  but  remains  uniformly 
low  (practically  negligible)  at  pH  values  less  than  5.0. 

The  nitrogen  recovered  in  the  solution  rises  very  rapidly 
on  the  acid  side  of  the  isoelectric  point,  increasing  from 
about  30  per  cent  at  pH  5.0  to  about  7.0  per  cent  at  pH  3.5. 
On  the  alkaline  side  the  change  is  less  rapid.  The  amino 
nitrogen  of  the  solution  remains  low  over  a  much  greater 
range  of  pH,  but  above  pH  9.0  this  form  of  hydrolysis  in- 
creases very  rapidly. 

The  viscosity  and  jelly  strength  curves  are  nearly  parallel 
and  show  two  maxima,  one  on  the  acid  and  the  other  on  the 


Table  I — Effect  of  Plumping  Reagent  on  Hydrolysis 

Reagent Ca(OH)2  MgCOa  +NaOH  Lactic  Acid 

Concentration,  per  cent 5  5  +  0.2  1 

Stock: 

Water 89.0  78.1  86.0 

Tdtal  nitrogen 14.09  14.21  14.13 

Solution:  (1)            (2)  (1)            (2)  (1)            (2) 

Volume 1200         1200  1200         1250  1050         1050 

Nitrogen  in  solution 82.4         82,3  76.4           77.2  70.6         67.1 

Amino  nitrogen 5.4           5,4  8.2           8.3  3.8           3.6 

Nitrogen  residue 17.6         17.7  23.6         22,8  29,4         32.9 

Viscosity 85              86  115            107  146            126 

Jelly  strength Liquid      Liquid  25              21  22               18 

pH 9.2           9.2  8,8           9.0  4.2           4,2 
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alkaline  side.  The  depressing  effect  due  to  the  presence  of 
salts  (of  calcium)  in  solution  is  shown  especially  well  by 
these  curves,  for  on  the  acid  side  much  higher  maxiina  come 
at  about  pH  3.5  and  8.0. 
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Fig.  7 — Effect  of  Temperature  on  Amino  N  in  the  Solution 
AT  Varying  pH 

An  increased  temperature  and  a  lengthened  period  of  heat- 
ing produce,  throughout  the  entire  range  of  pH,  an  increased 
hydrolysis  both  of  collagen  to  gelatin  (as  shown  by  the  nitro- 
gen recovered  in  the  solution)  and  of  gelatin  to  its  degrada- 
tion products  (as  shown  by  the  amino  nitrogen  of  the  solu- 
tion). At  very  long  periods  of  hydrolysis  (168  hours),  how- 
ever, there  appears  on  the  alkaUne  side  a  drop  in  the  nitro- 
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gen  recovered  in  the  solution.  This  is  very  probably  due  to 
the  increased  loss  of  nitrogen  as  ammonia  under  these  con- 
ditions. 

Theoretically,  the  most  favorable  results  will  be  produced 
by  a  high  ratio  of  water  to  stock,  for,  the  concentration  being 
less,  it  is  shown  that  more  of  the  stock  will  go  into  solution 
during  a  given  period,  and  this  will  be  degraded  to  a  lesser 
extent  than  if  concentrated,  but,  practically,  a  limit  is  set  to 
the  optimum  dilution  by  the  necessity  later  of  evaporating 
the  water  off  again  to  produce  a  liquid  that  will  gel  when 
cooled. 

Agitation  is  also  shown  to  hasten  the  hydrolysis,  probably 
by  keeping  the  concentration  of  the  solution  that  is  in  direct 
contact  with  the  stock  as  low  as  possible  by  disseminating 
the  freshly  dissolved  material  through  the  mass.  The 
degradation  to  lower  products  is  also  increased  slightly  by 
agitation. 

Very  small  pieces  of  stock  were  found  to  be  dissolved  with 
much  greater  rapidity  than  large  pieces.  The  secondary 
hydrolysis  was  also  increased,  but  it  seems  probable  that  a 
shorter  period  of  heating  or  a  lower  temperature  could  ad- 
vantageously be  utilized  with  finely  cut  material. 

AlkaUne  plumping  or  swelling  reagents  were  found  to  yield 
a  stock  that  was  firmer  than  acid-plumped  stock,  and  that 
dissolved  somewhat  more  rapidly,  but  a  larger  amount  of  the 
solution  was  degraded.  Acid-plumped  stock  was  limp,  but 
gave  a  product  of  good  viscosity  and  jeUy  consistency. 

There  was  no  evidence  obtained  which  would  indicate  that 
ammonia  was  evolved  upon  the  hydrolysis  only  of  collagen 
to  gelatin.  That  ammonia  was  evolved  upon  the  alkaline 
hydrolysis  of  collagen  was  demonstrated,  but  from  the  exami- 
nation of  the  curves  showing  the  amino  nitrogen  production 
upon  the  same  treatment,  it  appears  that  the  ammonia 
nitrogen  formation  may  be  adequately  accounted  for  as  being 
due  to  a  more  complete  breakdown  of  the  molecule.  Amino 
nitrogen  can  be  increased  only  by  hydrolytic  scission  of  the 
large  molecules.    The  formation  of  proteoses  or  peptones. 
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as  well  as  of  free  amino  acids,  increases  the  amino  nitrogen 
determinable.  That  this  same  operation  produces  also  am- 
monia has  been  shown  in  the  hydrolysis  of  gelatin  by  Fischer,^" 
Daken,"  Van  Slyke,'^  Bogue,"  and  others.  It  seems  proba- 
ble to  the  writer  that  collagen  is  a  polymerized  complex  of 
gelatin.  Upon  heating  gelatin  to  130°  C.  an  anhydride  is 
probably  produced,  but  this  is  not  similar  to  the  original 
coUagen.  The  poljonerization  seems  to  be  chemical  rather 
than  physical,  and  would,  therefore,  be  comparable  to  the 
relation  between  gelatin  and  proteose,  or  between  proteose 
and  peptone.  Neither  of  the  latter  can  be  treated  to  repro- 
duce gelatin,  and  it  seems  very  doubtful  if  gelatin  can  be 
treated  so  as  to  reproduce  collagen. 

The  optimum  conditions  for  hydrolysis  of  coUagen  to  gela- 
tin are,  of  course,  those  by  which  the  greatest  amount  of  ni- 
trogen passes  into  solution  in  the  shortest  period  of  time, 
but  during  which  process  the  minimum  amount  of  degrada- 
tion of  the  gelatin  takes  place.  In  the  experiment  reported, 
these  conchtions  seem  to  be  best  attained  by  the  following 
control: 

1 — The  hydrogen-ion  concentration  of  the  hydrolyzing  solu- 
tion should  be  such  that  the  resulting  gelatin  or  glue  solution 
will  possess  an  H-ion  concentration  between  pH  3.0  and  4.0  or 
between  pH  7.5  and  8.5.  The  region  of  pH  4.5  to  G.O  should  be 
avoided  as  the  hydrolysis  is  very  .slow  at  that  concentration  of 
hydrogen  ions.     Above  pH  8.5  the  degradation  of  the  gelatin 


10  Fischer,  Levene,  and  Anders,   Z.  Physiol.  Che 

1'  /.  Biol.  Chem.,  44,  524  (1920). 

u  Ibid.,  10,  48  (1911). 

"  Chem.  Mel.  Eng..  23,  156  (1920) 


,  35,  70  (1902). 


becomes  too  great,  with  a  corresponding  loss  of  nitrogen  as 
ammonia,  and  below  pH  3.0  there  is  also  a  degradation,  while 
in  both  cases  the  velocity  and  jelly  strength  of  the  product  be- 
come very  low. 

2 — A  temperature  of  80°  C.  seems  most  favorable  to  the 
hydrolysis  of  collagen  to  gelatin,  and  an  8-hour  period  of  heating 
is  satisfactory.  There  is  too  little  hydrolysis  at  lower  tempera- 
tures or  shorter  periods  of  heating  (although  a  somewhat  purer 
product  may  result  under  these  conditions),  while  at  higher 
temperatures  and  longer  periods  the  greatly  increased  degrada- 
tion of  the  gelatin  offsets  any  advantages  of  more  rapid  collagen 
hydrolysis. 

3 — The  optimum  ratio  of  dry  stock  to  hydrolyzing  solution 
(including  water  in  the  stock)  seems  to  be  about  1:  12  or  1:14. 
Lower  concentrations  necessitate  later  evaporation,  while  greater 
concentrations  give  lower  yields  of  gelatin  and  increased  degrada- 
tion of  the  gelatin  formed. 

4 — The  stock  may  be  swollen  in  a  number  of  different  reagents, 
lime  and  lactic  acid  showing  the  best  results  to  date,  but  the 
excess  of  reagent  should  be  removed  completely  by  washing  and 
neutralization,  as  a  depressing  effect  on  the  viscosity  and  jelly 
strength  may  result  from  their  presence. 

5 — A  fine  cutting  of  the  stock  and  constant  agitation  are  de- 
sirable as  they  make  possible  a  more  rapid  hydrolysis,  but  to 
prevent  also  a  more  rapid  degradation  of  the  gelatin  a  shorter 
period  of  heating  or  a  lower  temperature  will  be  necessary.  A 
6  or  7-hour  heating  at  a  temperature  of  75°  C.  probably  will 
produce,  with  finely  cut  stock  and  thorough  agitation,  about  the 
same  hydrolysis  as  an  8-hour  heating  at  80  °  C.  under  the  opposite 
conditions. 
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Extraction  and  Recovery  of  Radium,   Vanadium,   and 
Uranium  from  Carnotite' 


By  K.  B.  Thews  and  F.  J.  Heinle 

Keystone  Metals  Reduction  Co.,  Cheswick,  P.\. 


THE  carnotite  ores  now  mined  in  Colorado  and  Utah 
are  of  too  low  a  quality  to  permit  handling  and 
shipping  to  the  reduction  plants  without  first  picking 
out  the  higher  grade  ores  or  else  concentrating  this  ore.  The 
practice  in  almost  all  cases  is  to  pick  out  the  higher  grade 
material,  which  makes  it  necessary  to  store  in  the  field  large 
quantities  of  low-grade  carnotite,  and  it  appears  that  in  the 
future  American  radium  manufacturers  will  be  forced  to  con- 
centrate all  these  ores  before  shipment  to  the  plants  is  prof- 
itable. For  this  reason,  the  writers  have  described  in  detail 
the  extraction  of  the  values  from  concentrates  instead  of  ores, 
and  have  only  mentioned  the  advantages  occurring  in  extract- 
ing the  values  from  ores- 

R.^Diu.M  Extraction  and  Recovery 

In  iron  tanks  or  pressure  boiling  kettles  the  following 
mixture  is  made — 2  parts  water,  1  part  concentrates,  and 
approximately  200  pounds  of  soda  ash  for  each  per  cent  of 
uranium  oxide  present.  This  mixed  mass  is  boiled  with 
continuous  stu-ring  for  from  6  to  10  hours.  Should  this  boiling 
be  done  in  an  open  tank  and  coils  used  for  heating,  a  small 
amount  of  the  condensed  steam  should  be  returned  into  the 
boiling  tank  to  take  care  of  the  evaporation  of  the  water. 
Otherwise,  the  mass  would  boil  down  to  the  concentration 
point  of  soda  salts,  which  would  result  in  the  crystallizing  out 
of  the  uranium  salts  as  the  sodium  uranjd  carbonate.  A 
more  complete  conversion  is  made  in  pressure  kettles  be- 

'  Received  June  2S,  1923.  • 


cause  of  greater  heat,  and  practically  all  companies  using  this 
process  have  installed  pressure  kettles. 

The  object  of  this  carbonation  is  to  convert  the  acid-in- 
soluble barium  and  radium  salts  to  the  acid-soluble  barium 
and  radium  carbonates,  also  to  convert  about  90  per  cent  of 
the  uranium  to  the  soluble  sodium  uranyl  carbonate  and  some 
of  the  vanadium  to  the  soluble  sodium  vanadate. 

It  has  been  found  that  in  a  concentrate  about  90  per  cent  of 
the  uranium  and  about  30  per  cent  of  the  vanadium  are  con- 
verted to  soluble  salts.  This  carbonation  should  be  made  in 
three  series,  each  large  enough  to  supply  the  plant  with  a  full 
day's  run.  In  this  manner  the  concentrate  is  boiled  one  day, 
settled  the  second,  and  decanted  and  filter-pressed  on  the  third 
day.  After  decantation  the  mass  is  pumped  into  a  washing 
type,  iron  filter  press  and  the  cake  washed  with  sulfate-free 
water  imtU  the  resulting  filtrate  is  free  from  sulfate.  From 
6  to  10  hours  are  required  to  accomplish  this  washing.  All  the 
decanted  liquor,  filtrate  from  press,  and  part  of  the  wash  water 
contaming  the  soluble  vanadium  and  uranium  salts  are 
pumped  into  evaporating  tanks  (recovery  later),  and  the  re- 
maining wash  water  is  used  as  mix  for  new  conversions. 
The  cake  in  the  filter  press  containing  the  radium  is  carefully 
taken  out,  broken  up  with  about  20  per  cent  of  sulfate-free 
water  in  a  paddle  tank,  and  pumped  into  the  acid-treating 
tanks.  These  tanks  resist  the  action  of  the  acid  and  are  so 
constructed  that  the  mass  can  be  stirred  w-ell.  Enough  sul- 
fate-free hydrochloric  acid  is  added  to  neutralize  all  carbon- 
ates, etc.,  and  to  acidify  the  solution.     A  solution  of  2  per  cent 


1160 


IXDUSTRIAL  AXD  EXGIXEERIXG  CHEMISTRY 


Vol.  15,  No.  11 


CrusbsbI  r 


4,  ^        Scree? 


I  AUTOC1.AVBS  WITH  SODIUH  CaKBONATB 


Alkaline  SoLtmoN  Evaporated 

TO  Prbcipitatb  Urahium  as  Sodium  Ur 


.  Carbonatb 


Rbsidub  Acidipibd  witb 
Sulpatb-Freb  HCI 


SoDiuu  Uranyl  Carbonate 

Dissolved  in  Water,  AciDrPiBo  with  HC! 


Neutralized  with  NH^OH     Add 
FeSO*  TO  Precipitate  Anv  Vanadiu 


Solution 


Precipitation  i 


Radiuh-Bar 
BaCli  +  H,SO. 


Rbsidub 


to  Precipitate 
Uranium 
As  Sodium 
Uranate 


Add  NH*0H  to  Precipitate 
Uranium  as 
Ammonium 

Uranate 

I 
y 

Cake  Roasted 
TO  Obtain  UsOa 


Radium-Barium  Sulfate 


Radium-Barium  Sulfate  "^ 

Carbonated  with  NajCOa  +  NaOH 

I 

Radium-Barium  Carbonate 
Treated  with  C.  P.  HCl 


Solution  Precipitated  with  Limb 
AS  Calcium  Vanadats 


*  ^  Calcium  Vanadate  Boiled 

NaiCOa  +  MnOi  in  Autoclaves 


Radium-Barium  Chloride 

Fractional  Crystallization 
I 


i  1- 

Solution  Neutralized  with  HtSOi  Residue 

Sodium  Alominate  Prbcipitatbs  Phosphorus         Discardbd 


I  Chloride 

I 


Barium  Chloride 
Discarded 


V 


Solution  Concentra 
to  2%  VjOs 


Rbsidub 


Removal  of  Lea 


Precipitation  of  Barium-Radiu 
BY  Ammonium  Carbonate 


Changs  to  Radium-Barium- 
BROBnDE  BY  HBr 


Fractional  Crvstaluzation  Giving 
Raditjm-Barium  Bromide  Crystals 

i 

Tubed,   Ready  for  Mbasurbubnt  and  Sale 


Aluuiniuh 

Phosphate  Sludge 

Discarded 


Vanadium  Precipitated  as 

Vanadic  Aod  by  H»S04 

+  NaCIOj 


Ir 


Vanadium  Precipitated  as 
Iron  Vanadate  by  HNOi  +  FeSO< 


Flow  Sheet  of  Radium  Process 


acidity  is  generallj'  sufficient  for  tliis  purpose.  The  acid- 
consuming  number  can  be  easUj'  found  by  taking  a  100-gram 
sample  of  the  carbonated  cake,  acidifying,  and  boiling  it  with 
a  given  quantity  of  hydi-oclJoric  acid  and  then  titrating  the 
filtrate  with  a  normal  caustic  solution.  The  excess  needed 
can  then  easUy  be  calculated.  The  acidified  mass,  in  tanks, 
is  then  boiled  for  20  to  60  minutes  and  pushed  into  washing- 
tj^je,  wooden  filter  presses,  by  means  of  a  blow  case,  and 
washed  with  sulfate-free  water  vmtil  the  resulting  wash 
waters  are  barium-free.  The  filtrate  and  wash  waters  will 
now  contain  over  90  per  cent  of  the  radium  and  about  80  per 
cent  of  the  vanadium  not  taken  out  by  the  carbonate  con- 
version.   The  cake  in  the  filter  press  is  free  from  radium, 


vanadium,  and  uranium  and  can  be  discarded.  The  filtrate 
wash  waters  are  run  into  large  boUtng  tanks  and  the  radium 
is  precipitated  with  sulfuric  acid,  or  a  soluble  sulfate,  such  as 
sodium  acid  sulfate.  In  case  no  barium  has  been  introduced, 
a  small  quantity  (about  one-half  pound)  of  barium  chloride 
per  milligram  of  radium  present  is  added  before  this  precipi- 
tation is  made.  The  precipitated  radium  barium  sulfates  are 
left  to  settle  for  from  2  to  4  daj-s,  when  most  of  the  liquor 
containing  the  vanadium  is  decanted  off,  and  the  remaining 
liquor  plus  the  precipitated  sulfates  dropped  on  vacuum 
filters  and  the  liquor  separated  from  the  cake.  This  radium 
barium  sulfate  \^ill  contain  about  1200  milligrams  per  ton; 
therefore,  a  concentration  of  1  to  100  or  more  has  been  made. 
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The  cake  containing  all  the  radium  and  barium  as  sulfates 
is  washed  and  mixed  in  an  autoclave  with  two  parts  of  its  dry 
weight  of  soda  ash,  10  per  cent  caustic  soda,  and  four  parts  of 
water,  and  boiled  for  about  12  hours.  The  radium  barium 
carbonates  resulting  from  this  conversion  plus  liquors  are 
pumped  into  a  small,  washing  type,  iron  filter  press,  and 
washed  sulfate-free  with  distilled  water.  The  cake  contain- 
ing the  radium  and  barium  is  taken  out  carefully  and  treated 
with  C.  P.  hydrochloric  acid.  After  filtering,  the  radium  in 
the  filtrate  is  ready  for  fractional  crystallization.  This  is  done 
by  either  the  neutral  or  acid  method  of  crystallization.  Since 
many  publications  have  been  written  on  the  fractional  crystal- 
lization of  radium,  the  writers  will  not  describe  it  in  this  paper. 

Plant  Control  of  Radium 

Chemical  plant  control  is  a  very  important  factor  and  is 
carried  out  with  great  care.  Possible  contaminations  by 
sulfates  must  be  guarded  against  and  eliminated,  and  since 
the  ore  contains  sulfates  and  sulfuric  acid  is  used  in  the  proc- 
ess, contaminations  are  easily  possible.  Rapid  qualitative 
tests  for  sulfates  are  made  repeatedly,  especially  after  the 
carbonate  conversions  and  before  the  hydrochloric  acid 
treatment.  The  hydrochloric  acid  treatment  department  is 
generally  kept  away  from  the  other  departments  for  this 
reason,  and  all  operators  are  warned  to  keep  clothing  such  as 
shoes,  etc.,  in  clean  condition.  At  this  point  sulfates  will  do 
most  of  the  damage.  Should  sulfates  enter,  reprecipitate 
some  of  the  radium  to  insoluble  sulfate,  a  costly  reconversion 
with  sodium  carbonate  is  necessary. 

Extraction  from  Ores 

Most  of  the  radium  plants  today  do  not  concentrate  their 
ores  but  resort  to  hand  picking  and  shipping  this  picked  ore 
to  their  plants.  In  this  case  the  ore  is  first  crushed  and 
ground  to  from  20  to  30-mesh  before  the  values  are  converted 
with  sodium  carbonate,  and  after  the  first  hydrochloric  acid 
treatment  the  slmies  and  liquors  are  decanted  off  and  pumped 
into  filter  presses.  Since  the  average  ore,  after  crushing,  con- 
sists of  about  15  per  cent  of  slimes  and  85  per  cent  sandy  mate- 
rial, and  since  the  sands  after  acid  treatment  contain  prac- 
tically no  radium,  this  decantation  results  in  a  considerable 
saving  in  labor  and  equipment.  A  few  washes  after  the  main 
liquor  has  been  decanted  off  will  free  the  sands  from  all  values. 
Otherwise,  ores  are  treated  the  same  as  concentrates. 

Uranium  Recovery 

The  liquor  from  the  first  carbonation,  containing  about  90 
per  cent  of  the  uranium  and  some  of  the  vanadium,  is  pumped 
into  large  tanks  and  evaporated  until  the  concentration  point 
of  the  contained  soda  ash  is  reached.  This  point  can  be  as- 
certained by  blowing  a  film  on  the  top  of  a  sample  taken  from 
the  solution.  At  this  point  all  the  uranium  crystallizes  out 
as  the  sodium  uranyl  carbonate,  and  the  vanadium  remains 
in  the  liquor.  The  mass  is  filtered  and  the  sodium  uranyl 
carbonate  slightly  washed  with  cold  water.  The  sodium 
uranyl  carbonate  is  dumped  into  a  wooden  tank  and  enough 
water  added  to  dissolve  the  salt.  The  mixture  is  then 
slightly  acidified  and  boiled  to  drive  off  all  carbonates  and  al- 
most neutralized  with  ammonia.  A  little  vanadium  is  carried 
along  with  the  uranium,  and  for  the  purpose  of  eliminating  this 
vanadium  a  small  quantity  of  ferrous  sulfate  is  added.  After 
the  iron  vanadate  has  been  separated  from  this  solution  by 
filtration,  the  uranium  is  precipitated  with  ammonium 
hydroxide  as  the  ammonium  uranate.  The  precipitated  mass 
is  pumped  into  a  washing  type,  iron  filter  press  and  the  cake 
washed  until  all  the  soda  salts  have  been  removed.  The  am- 
monium uranate  is  put  into  a  roasting  furnace  and  converted 
to  the  uranium  oxide  by  heat.     A  small  amount  of  the  ura- 


nium will  be  precipitated  as  sodium  salts,  owing  to  the  soda 
salts  present,  but  it  has  been  found  that  an  oxide  of  97  per 
cent  purity  can  be  made.  In  case  a  purer  salt  is  wanted  the 
ammonium  uranate  is  redissolved  and  reprecipitated. 

If  caustic  soda  is  used  after  the  solution  has  been  freed  from 
the  vanadium,  sodium  uranate  is  precipitated. 

Vanadium  Recovery 

The  vanadium  in  the  acid  solution  decanted  from  the  pre- 
cipitated barium  radium  sulfate  is  pumped  into  large  stirring 
tanks,  boDed,  and  the  vanadium  precipitated  with  lime  as  the 
calcium  vanadate,  filtered,  and  washed.  The  cake  contain- 
ing the  vanadium  is  then  mixed  with  the  liquor  from  the 
sodium  uranyl  carbonate  evaporation  plus  10  per  cent  of 
sodium  carbonate,  a  small  amount  of  oxidizing  agent  such  as 
manganese  dioxide,  and  boiled  for  2  hours.  By  adding  the 
liquor  from  the  sodium  uranyl  carbonate  evaporation  to  the 
lime  cake,  vanadium  is  not  only  combined,  but  a  considerable 
saving  in  soda  ash  is  made.  The  boiled  mass  is  pumped  into 
washing  type,  iron  presses  and  the  cake  washed  free  of 
vanadium.  About  95  to  98  per  cent  of  the  vanadium  is  now 
in  solution.  The  cake  can  be  discarded.  This  solution  is 
pumped  into  wooden  tanks,  almost  neutralized  with  sulfuric 
acid,  and  the  phosphorus  from  the  ore  carried  along,  precipi- 
tated with  sodium  aluminate  as  an  aluminium  phosphate 
sludge.  This  sludge  is  filtered  off  and  the  solution  is  pumped 
into  an  evaporating  tank  and  boiled  until  a  2  per  cent  vana- 
dium solution  is  reached.  This  is  then  precipitated  as  the 
vanadic  acid  by  adding  a  slight  excess  of  sulfuric  acid  and 
boiling  vigorously.  It  has  been  found  that  sulfuric  acid  wOl 
not  precipitate  vanadium  in  weak  solution  and  that  when  a 
solution  is  concentrated  to  about  2  per  cent  V2O6  content, 
the  most  efficient  results  are  obtained.  A  vanadic  acid 
contaming  80  per  cent  V2O5  can  be  precipitated  by  this 
method.  This  precipitated  vanadic  acid  is  filter-pressed, 
washed  free  from  sulfates,  and  dried.  The  resulting  vana- 
dium oxide  is  ready  for  reduction.  In  case  iron  vanadate  is 
wanted,  the  solution  does  not  have  to  be  evaporated,  but  is 
ahnost  acidified  with  sulfuric  acid,  and  after  dephosphori- 
zation  slightly  acidified  with  nitric  acid  and  the  vanadium 
precipitated  with  ferrous  sulfate.  By  decreasing  or  increas- 
ing the  excess  acidity,  iron  vanadate  of  various  purities  can  be 
made.     A  higher  acidity  will  give  a  higher  grade  concentrate. 

Conclusion 

The  process  described  has  its  disadvantages  when  compared 
with  others  such  as  the  nitric  acid,^  sulfuric  acid  leaching,' 
niter  cake  fusion^  processes.  It  requires  more  equipment, 
more  careful  checking,  and  the  solutions  and  cakes  have  to 
be  handled  more  frequently.  Its  chief  advantage  lies  in 
the  fact  that  when  operated  carefully,  purer  and  more  easily 
worked  solutions  result.  Under  normal  conditions,  recoveries 
of  80  per  cent  or  better  of  all  values  in  carnotite  are  being 
made.  There  is  very  little  difference  in  costs  of  operation 
between  these  processes,  so  this  process  is  today  the  most 
popular  one  used  on  carnotite  ores. 

=  Parsons,  Moore,  Lind.  and  Schaefer,  Bur.  Mines,  Bull.  104. 
'  Fleck,  Haldane,  and  White,  U.  S.  Patent  890,584. 
<  Schlundt,  U.  S.  Patent  (?). 


Indiana  Section  Aids  Fire  Department 

At  the  request  of  the  chief  of  the  fire  prevention  division  of 
the  Indianapolis  Fire  Department  a  committee  headed  by  Cecil 
Calvert  will  prepare  instructions  for  the  use  of  firemen  when 
handling  fires  in  which  acids  or  other  chemicals  that  might  cause 
explosions  or  spread  dangerous  gases  are  encountered.  The 
recent  unfortunate  experience  of  the  Milwaukee  department  led 
to  the  request  and  the  organization  of  the  committee.  Possibly 
other  sections  may  find  that  they  can  similarly  serve  their  own 
communities. 
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The  Biological  and  Chemical  Significance  of 
Gamma  Sugars 

By  James  Colquhoun  Irvine 

United  College  of  St.  Salv.itor  and  St.  Leo.nard.  The  University,  St.  Andrews,  Scotland 


This  article  is  a  brief  review  of  the  present  knowledge  of  gamma 
sugars.  The  name  is  applied  to  all  forms  of  sugars  in  which  the 
oxygen  ring  is  displaced  from  the  normal,  stable  position.  The 
discovery  of  these  sugars  was  the  result  of  gradually  accumulated 
evidence  beginning  from  worli  by  the  author  on  the  methylation 
of  sucrose  and  the  separation  of  the  sugars  formed  on  hydrolysis, 
when  it  was  found  that  the  methylated  fructose  was  dextrorotatory. 

The  reactions  show  properties  entirely  different  from  those  of 
normal  sugars.  Experiment  points  to  the  theory  that  the  natural 
processes  leading  to  formation  of  sugars  involve  the  formation  of 
gamma  sugars  as  intermediate  stages.  It  is  possible  that  these  are 
not  chemical  individuals,  but  only  a  condition  of  the  sugar  molecule. 


NO  ATTEMPT  has 
liitlierto  been  made 
to  compOe  a  general 
survey  of  our  knowledge  re- 
garding the  reactive  types 
of  reducing  carbon  hydrates 
vi^hich  are  known  collec- 
tively as  gamma  sugars. 
Although  these  important 
variations  of  sugar  mole- 
cules have  been  recognized 
for  some  years,  they  pre- 
sent unusual  difficulties  to 
penetrative  study,  and  de- 
spite laborious  research  still  remain  largely  obscure  and  un- 
explained. Nevertheless,  they  have  recently  been  invested 
with  a  special  interest  and  are  referred  to  with  a  freedom 
which  displays  the  necessity  to  review  what  is  known  regard- 
ing them. 

Reason  foe  Name 

To  begin  with,  the  name  apphed  to  them  is  not  descriptive, 
but  is,  in  a  sense,  accidental.  As  is  well  known,  the  best- 
defined  reducing  sugars  can  generally  be  obtained  in  two  iso- 
meric forms  which  display  mutarotation  in  opposite  direc- 
tions, and  this  is  attributed  to  the  rearrangement  of  the 
groups  in  the  reducing  position.  The  expressions  "alpha" 
and  "beta"  were  applied  to  designate  these  isomerides,  and 
the  two  mutarotatory  forms  of  glucose  serve  as  standard 
examples  in  illustration.  Now  this  isomerism  has  been 
proved  to  be  in  no  way  dependent  on  the  position  of  the  in- 
ternal oxygen  ring  in  the  sugar,  since  both  a-  and  j3-glucose 
have  been  correlated  with  the  butylene  oxide  form  of  tetra- 
methylglucose.  The  discovery  that  another  variety  of 
glucose  exists,  in  wliich  the  oxygen  ring  is  differently  attached, 
could  not  be  accommodated  by  the  nomenclature  then  in 
use  and  the  expression  "7-glucose"  was  applied  to  it.  The 
name  "gamma  sugar"  has  therefore  a  very  general  significance 
and  is  used  to  include  all  forms  in  which  the  oxygen  ring  is 
displaced  from  the  normal  stable  position.  This  is  not  en- 
tirely satisfactory,  but  a  more  exact  nomenclature  cannot 
be  applied  until  the  complete  structure  of  each  of  these  sugars 
has  been  established.  Aleanwhile,  it  may  prevent  confusion 
if  it  is  pomted  out  that  gamma  sugars,  retaining  as  they  do  a 
reducing  group,  can  exist  in  alpha  and  beta  modifications, 
and  the  same  remark  appUes  to  their  glucosides. 

Up  to  the  present  it  has  been  ascertained  that  glucose, 
galactose,  mannose,  rhanmose,  and  fructose  are  all  capable 
of  existing  in  gamma  forms,  and  there  seems  no  reason  to 
doubt  that  the  property  is  general.  In  no  case,  however, 
has  an  unsubstituted  gamma  sugar  been  isolated,  although 
we  recognize  their  transient  existence,  and  can  in  some 
measure  study  their  properties  by  examining  their  methyl- 
ated derivatives.  The  presence  of  the  methyl  groups  in  these 
derivatives  prevents  any  alteration  in  the  oxygen  ring,  and 
thus  the  constitutional  type  is  preserved. 

1  Presented  before  the  Division  of  Sugar  Chemistry  at  the  65th  Meeting 
of  the  American  Chemical  Society,  New  Haven,  Conn..  April  2  to  7,  1923. 


Discovery 


Before  sunnnarizing  the 
chemistry  of  gamma  sugars, 
it  may  be  mentioned  that 
their  discovery  did  not 
originate  in  any  single 
dramatic  observation,  but 
that  the  evidence  accu- 
mulated gradually.  One  of 
the  writer's  laboratory 
notebooks,  describing  work 
carried  out  exactly  twenty 
years  ago,  gives  an 
account  of  the  methylation  of  sucrose,  and  the  separation 
of  the  sugars  thereafter  formed  on  hydrolysis.  Crystalline 
tetramethylglucose  was  isolated  and,  in  addition,  the  corre- 
spondmg  fructose  derivative  was  obtained  by  means  of  con- 
densation with  methanol  at  room  temperature,  followed  by 
the  usual  fractional  distillation  and  hydrolysis.  The  com- 
plete analysis  of  the  product  was  carried  out,  its  composition 
was  ascertained  to  be  that  of  a  tetramethylfructose,  and  its 
specific  rotation  was  shown  to  be  of  the  order  -|-27°.  The 
entry  in  the  book  states  that  the  work  was  at  this  stage 
suspended,  there  being  no  adequate  explanation  as  to  why  a 
methylated  fructose  should  be  dextrorotatory.  The  com- 
pound was,  in  fact,  pure  tetramethyl-7-fructose,  but  many 
consecutive  researches  were  necessary  before  the  discovery 
could  be  interpreted.  A  subsequent  paper  on  the  methylation 
of  fructose  added  materially  to  the  evidence  that  the  ketose 
can  react  in  a  dextrorotatory  form,  and  about  the  same  time 
a  result  of  equal  significance  was  forthcoming.  A  levo- 
rotatory  trimethylglucose  was  obtained  from  glucosemono- 
acetone,  and  in  investigating  the  origin  of  this  compound  a 
new  levorotatory  form  of  tetramethylmethylglucoside  was 
isolated,  thu-^  showing  that  not  only  can  d-frudose  react  in  a 
dextro  form,  but  d-glucose  can  exist  in  a  levorotatory  variety. 
At  this  stage  Fischer  published  his  paper  on  7-methyl- 
glucoside,  which  was  quickly  followed  by  our  account  of  the 
isolation  and  properties  of  tetramethyl-7-glucose.  In  view 
of  this  theoretical  development,  the  way  was  now  clear  to 
resume  the  study  of  sucrose  and  to  expand  the  scope  of  the 
work. 

Peoperties 

For  reasons  already  stated,  the  properties  of  gamma  sugars 
have  to  be  inferred  from  those  of  their  methylated  derivatives 
and,  so  far,  the  following  examples,  together  with  the  corre- 
sponding mcthylglucosides,  are  avaOable  for  study: 

Tetramethyl-7-glucose  (levo) 

Trimethyl-7-glucose  (levo) 

Tetramethyl-Y-galactose  (levo) 

Tetramethyl-7-mannose  (levo) 

Tetratnethyl-7-fructose  (dextro) 

Triniethyl-7-fructose  (dextro) 

In  reviewing  their  reactions,  one  is  struck  by  the  close  re- 
semblance shown  to  natural  processes.  For  example,  the 
compounds  undergo  oxidation  with  extreme  ease,  being 
affected  by  mild  oxidizmg  agents,   and  in  illustration  it 
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may  be  mentioned  that  trimethj'l-7-glucose  reduces  Feh- 
ling's  solution  instantaneously  at  room  temperature.  At 
ordinary  temperatures,  also,  thej'  are  converted  into  glu- 
cosides,  at  a  speed  which  is  remarkable,  especially  when  it 
is  remembered  that  the  formation  of  a-methylglucoside  re- 
quires a  treatment  of  approximately  60  hours  at  100°  C. 
In  at  least  one  case  (tetramethyl-7-galactose),  a  reducing 
sugar  of  the  gamma  type  is  known  to  pass  spontaneously 
by  autocondensation  into  a  nonreducing  disaccharide.  These 
striking  properties  are  far  removed  from  those  of  a  normal 
sugar. 

Constitution 
Great  diiEculties  have  been  encountered  in  attempts  to 
solve  the  constitution  of  gamma  sugars,  and  experimental 
work  has  been  largely  confined  to  tetramethyl-7-glucose, 
trimethyl-7-fructose,  and  tetramethyl-7-fructose.  In  the 
case  of  the  glucose  derivative,  the  first  opinion  formed  was 
that  an  ethylene  oxide  ring  was  present,  but  this  view  has 
been  modified  in  favor  of  the  propylene  oxide  structure. 
Similarly,  an  amylene  oxide  constitution  is  at  present  sup- 
ported for  tetramethyl-7-fructose,  so  that  meanwhile  the 
parent  sugars  may  be  represented  as: 


r" 


CH.OH 

I 
-COH 


-CH 


CHOH 

I 
CHOH 

I 
CHiOH 

7-Gl.UCOSE 


0  CHOH 

1  I 

I CH 

I 
CHOH 

I 

CHsOH 
7-Fructose 


It  is  already  evident  that  the  butylene  oxide  structure  cannot 
be  assumed  for  any  sugar,  even  in  its  most  stable  form.  Thus, 
crystalline  xylose,  wliich  displays  none  of  the  properties  of 
a  gamma  sugar,  has  recently  been  shown  to  be  an  amylene 
oxide,  and  in  this  respect  at  least  resembles  7-fructose. 

Speculation  in  the  absence  of  experiment  is  best  avoided 
in  the  carbohydrates,  but  in  the  course  of  investigating 
many  varieties  of  gamma  compounds,  it  was  found  impossible 
to  reject  the  idea  that  the  ordinary,  crystalline,  compara- 
tively stable  sugars  of  the  laboratory  are  not  the  forms  which 
are  primarily  elaborated  by  the  plant  or  disrupted  by  the 
animal.  The  fructose  which  we  store  in  the  chemical  mu- 
seum, and  produce  as  a  lecture  specimen,  is  not  fructose  as 
it  exists  in  combination  in  sucrose  or  in  inulin. 

The  idea  conveyed  above  is  that  the  natural  processes  lead- 
ing to  the  formation  of  sugars  and  their  derivatives,  as  also 
the  ultimate  utilization  of  carbohydrates  by  the  animal 
organism,  involve  as  intermediate  stages  the  transient  forma- 
tion of  gamma  sugars.  The  evidence  may  not  be  particularly 
convincing  save  to  those  who  have  handled  all  types  of  carbo- 
hydrates at  the  working  bench,  but  it  is  certamly  true  that 
we  have  fleeting  glimpses  of  extraordinarily  reactive  sugars 
which  in  the  process  of  artificial  isolation  from  either  plant 
or  animal  sources  undergo  rearrangement  to  the  sugars  as 
we  know  them.  This  is  not  inconsistent  with  the  results 
obtained  in  either  hydrolysis  or  synthesis  effected  by  en- 
zymes. If  this  suggestion  is  substantiated,  it  may  have  far- 
reaching  effects  in  studying  physiological  processes,  and  in 
the  treatment  of  conditions  such  as  diabetes  in  which  the 
metabolism  of  sugars  is  abnormal.  Research  designed  to 
test  this  idea  was  commenced  three  years  ago,  and  the  first 
tentative  steps  liave  been  taken  to  ascertain  if  living  tissue 
promotes  the  formation  of  7-glucose.  The  evidence  ob- 
tained is  encouraging,  but  further  progress  is  hampered  by 
the  inaccessibility  of  gamma  sugars,  and  the  lack  of  trust- 
worthy methods  of  identifying  them.     When  it  is  remembered 


that  7-glucose  and  7-fructose  revert  instantaneously  to  their 
respective  stable  forms  in  the  presence  of  0.1  per  cent  of 
hydrochloric  acid,  it  will  be  agreed  that  there  is  little  pros- 
pect of  detecting  these  fugitive  isomerides  by  ordinary  proc- 
esses. Analytical  methods  are  of  no  avail,  and  polarimetric  ' 
evidence  alone  is  insufficient  and  often  misleading.  No 
doubt  these  difficulties  ■niU  be  surmounted  in  time,  but  only 
when  the  detailed  chemistry  of  gamma  sugars  has  been  ad- 
vanced on  systematic  lines,  and  when  knowledge  exceeds 
impatience. 

Having  in  a  sense  created  gamma  sugars  for  you,  it  may 
appear  contradictory  to  say  that  it  is  doubtful  whether  these 
substances  are,  after  all,  chemical  individuals.  They  may 
only  represent  a  condition  of  the  sugar  molecule  which  orig- 
inates in  the  mechanism  whereby  a  sugar  forms  certain  of 
its  derivatives.  To  make  the  point  clear  by  means  of  an  ex- 
ample, we  need  not  assume  that  in  the  formation  of  sucrose 
a  molecule  of  normal  glucose  condenses  with  a  molecule  of 
7-fructose  in  such  a  manner  that  each  loses  a  hydroxyl  group: 


CHOH 

I 

CHOH 


It  is  possible  that  7-fructose  may  have  no  real  existence, 
and  the  condensation  may  be  equally  well  explained  on  the 
assumption  that  fructose  functions  as  a  ketone.  In  such  a 
case,  two  hydroxyl  groups  become  involved,  and  although  one 
of  these  must  be  the  reducing  group  of  the  aldose  molecule, 
there  is  no  reason,  once  the  reaction  is  initiated,  why  the  ke- 
tose  itself  should  not  furnish  the  second  group : 
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An  amylene  oxide  ring  is  thus  formed  in  the  ketose  com- 
ponent and  here  we  see  the  production  of  a  gamtna  residue 
without  the  previous  existence  of  a  gamma  sugar.  Similar 
considerations  apply  to  the  formation  of  7-glucose  derivatives 
which  may  be  formed  in  condensation  reactions  in  which  glu- 
cose reacts  as  an  aldehyde.  These  suggestions  are  not  with- 
out the  support  afforded  by  numerous  analyses,  and  mean- 
while the  whole  subject  is  a  maze  of  possibilities,  and  en- 
lightenment is  still  remote. 

For  example,  if  the  question  is  raised  as  to  why  sucrose  is 
so  remarkably  unstable  towards  hydrolysis,  the  existence 
of  an  amylene  o.xide  ring  in  the  fructose  component  pro\ides 
no  answer.  Methyl  xyloside  is  likewise  an  amylene  oxide; 
yet  the  compound  resists  the  effect  of  dilute  acids,  while 
/3-glucosau,  which  contains  a  hexylene  oxide  ring,  is  notably 
stable.  Again,  fructose  mono-  and  di-acetones  both  undergo 
hydrolysis  with  a  facility  which  resembles  that  displayed 
by  sucrose,  but  nevertheless  both  of  these  compounds  are 
based  on  the  stable  type  of  fructose  in  which  a  butylene  oxide 
ring   is   present.     These    apparently    contradictory   results 
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reveal  that  the  special  instability  of  gamma  derivatives 
does  not  depend  primarily  on  the  presence  of  any  particular 
internal  ring  in  the  sugar. 

On  the  other  hand,  when  aldehydes  or  ketones  condense 
with  hydroxy  compounds  (including  sugars),  the  products 
resemble  sucrose  in  their  ease  of  hydrolysis.  Numerous 
isopropylidene  and  benzylidene  derivatives  may  be  quoted 
in  illustration,  and  the  reactions  in  which  such  compounds 
are  formed  have  been  shown  to  follow  the  course  indicated 
below : 

R  ^  HO  R2  R  ^  ORi 


Applying  this  to  the  special  case  of  carbohydrates,  gamma 
sugars  may  be  regarded  in  a  new  light — ('-fructose  may,  in 
fact,  be  nothing  more  than  the  ketonic  form  of  the  sugar, 
and  7-glucose  the  corresponding  aldehyde.  It  may  well  be 
that  the  aldoses  and  ketoses  functioning  in  their  primary 
capacity  as  aldehyde  and  ketone  are  the  reactive  sugars  in 
nature,  but  this  much  seems  clear — no  naturaUy  occurring 
compound  of  glucose,  whether  glucoside,  disaccharide  or 
polysaccharide,  has  been  found  to  contain  the  7-glucose 
structure,  and  the  reactive  type  of  the  sugar  has  hitherto 
been  obtained  only  under  artificial  conditions.  In  sharp  con- 
trast, the  two  most  important  natural  derivatives  of  fructose 
are  each  based  on  7-fructose,  which  may  possibly  prove  to 
be  the  connecting  link  in  natural  processes  whereby  the 
interconversion  of  ketoses  and  aldoses  is  effected. 


Effect  of  Acids  and  Salts  upon  the  Hydrolysis  of  Wood' 


By  E.  C.  Sherrard  and  W.  H.  Gauger 

Forest  Products  Laboratory,  Madlson,  Wis. 


IN  A  previous  paper-  it 
was  pointed  out  that 
the  use  of  salts  in  con- 
nection with  a  dilute  min- 
eral acid  gave  variable  re- 
sults, and  that  no  close  pre- 
diction could  be  drawn  re- 
garding the  effect  of  these 
salts  upon  the  quantity  or 
nature  of  sugar  produced. 

Since  then  the  effect  of  a  few  additional  salts  has  been  studied, 
as  well  as  the  effect  of  several  organic  acids  when  used  alone 
and  in  conjimction  with  a  dilute  mineral  acid.  The  same 
procedure  was  used  as  previously  described.  Unless  other- 
wise noted,  the  salt  or  acid  was  added  to  a  mixture  of  100 
grams  white  spruce  sawdust,  200  grams  water,  and  2.5  grams 
(100  per  cent)  sulfuric  or  hydrochloric  acid,  and  the  mi.xture 
subjected  to  a  steam  pressure  of  115  pounds  (175°  C.)  in 
an  autoclave  for  15  minutes.  The  blank  experiment  in 
which  sulfuric  acid  was  used  alone  gave  a  yield  of  21.14  per 
cent  of  reducing  sugar,  of  which  66  per  cent  was  ferment- 
able, or  21.35  gallons  of  95  per  cent  ethyl  alcohol  per  ton  of 
dry  wood. 

The  salts  used  in  this  case  gave  no  great  variation  in  yield, 
as  will  be  noted  in  Table  I. 


The  effect  of  several  sails  upon  the  acid  hydrolysis  of  wood  is 
described,  as  well  as  the  effect  of  several  acids,  when  used  alone  and 
in  conjunction  with  mineral  acids.  A  study  was  made  regarding 
the  quantity  of  sugar  produced  from  white  spruce  by  varying  the 
concentration  of  sulfuric  acid  from  5  to  30  per  cent.  The  effect 
of  time  and  pressure  upon  sugar  yields  is  also  described.  The  effect 
of  temperature  upon  mannose  indicates  that  its  rate  of  decomposition 
under  similar  conditions  is  practically  the  same  as  that  of  glucose. 


Table  I 
Per  cent 

bALTS 

Alcohol 

Reducing 

Per  cent 

Gallons 

Sugar  in 

Sugar 

per  Ton 

Terms  of 

Ferment- 

of Dry 

Catalyst 

Dry  Wood 

able 

Wood 

Remarks 

1.25%  BaClz  (HCI) 
0.5%  Al2(S0<)j 

22.70 

69.2 

22.8 

18.86 

38.0 

9.0 

Fermented 

with  difficulty 

0.5%  KjSO, 
0.5%  ZnCbCHCI) 

21.50 

61.7 

19.4 

22.58 

69.2 

21.7 

1.25%  CaCNOsJi 

21.74 

67.3 

21.0 

Here,  as  before,  no  outstanding  increases  in  yields  were 
obtained,  although  barium  chloride  and  zinc  chloride  in  the 
presence  of  hydrochloric  acid  gave  yields  slightly  greater  than 
were  obtained  in  the  blank  experiment. 

The  yields  of  total  reducing  sugar  and  alcohol  obtained  by 
the  use  of  different  acids  are  given  in  Table  II. 

1  Presented  before  the  Division  of  Cellulose  Chemistry  at  the  65th 
Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2  to 
7,  1923. 

'  This  Journal,  16,  63  (1923). 


Of  the  acids  studied  the 
most  promising  are  the 
naphthalene  sulfonic  acids, 
although  it  is  of  interest  to 
note  that  oxalic  acid  gave  a 
yield  of  sugar  that  compares 
favorably  with  those  of 
stronger  acids.  Trichlor- 
acetic acid  gave  the  poorest 
results  of  any  of  the  acids 
tried. 


Table  II- 

—Acids 

Per  cent 

Alcohol 

Reducing 

Per  cent 

Gallons 

Sugar  in 

Sugar 

per  Ton 

Terms  of 

Ferment- 

of Dry 

Catalvst 

Dry  Wood 

able 

Wood 

1.8%  HjPO.  (alone) 

16.66 

49.00 

11.4 

2.5%  H3PO.  (alone) 

16.45 

51.3 

12.3 

/•o 

1.8%  cue— C— OH  (alone) 

3.75 

No  fermentation 

./o 

2.5%  CUCC— OH  (alone) 

2.30 

No  ferm' 

entation 

./o 

2,5%  cue— C— OH  (alone) 

3.41 

No  ferm 

entation 

0.5%  HsBOs 

22,59 

63.5 

20.5 

1.7%  C.H5SO3H  (alone) 

20.35 

55.0 

16,6 

2.5%  CeHsSOsH  (alone) 

22.68 

66.0 

17.4 

0.5%  C,.H./0«^ 

23.28 

59,9 

20,8 

-°%^'KS), 

24,46 

61,4 

22,1 

2.0%  C.oH.<('°«;^,^  (^,^^^, 

11.14 

28.7 

4,9 

1.95%  CsHsSOaH 
5%  HC— OH  (alone) 

23  76 

60.3 

20.1 

12,34 

Not  fermentable 

./o 

5%  C— OH 

22.45 

58.2 

19,7 

C— OH  (alone) 

\o 

/•(0H),/0 

1.25%  CsHi           C     OH 

22.82 

60.0 

20.9 

/NH2 

0.5%  CsHj- SO3H 

23.01 

63,2 

22,1 

/NH, 

1.25%  CsH,— SGiH 

22.88 

62,5 

21,8 

Apparently,  the  acid  decomposed  under  the  condition  im- 
posed, for  in  every  case  where  trichloracetic  acid  was  used  the 
odor  of  chloroform  was  noticed  in  the  digested  material. 
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No  effort  was  made,  however,  to  identify  it  accurately  The 
jaelds  obtained  by  the  use  of  phosphoric  acid  were  surprisingly 
low.  Ki-essmann'  reports  a  yield  of  sugar  of  19.38  per  cent 
and  15.66  gallons  of  95  per  cent  alcohol  per  ton.  Sulfanilic 
acid  also  gave  yields  somewhat  higher  than  were  obtained  in 
the  blank. 
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Per  Cent- % 

Kressmann  studied  the  effect  of  sulfuric  acid  by  varying 
the  concentration  up  to  5  per  cent.  It  was  now  decided  to 
continue  increasing  the  acid  concentration  until  the  ferment- 
able sugars  showed  a  decided  decrease.  To  complete  the 
.study  the  residues  from  each  cook  were  analyzed  for  cellu- 
lose by  the  Cross  and  Bevan  method,  in  order  to  determine  the 
extent  to  which  decomposition  occurs  during  the  treatment. 
The  concentration  of  sulfuric  acid  was  varied  between  5  and 
30  per  cent,  with  the  results  given  in  Table  III. 


Total 
Reducing 
Sugars 
21.98 
21.54 
19.71 
16.00 
7.28 

Table  III 
-Per  cent  of  Original  Dry  Wood  - 

Fermentable          Cellulose 
Sugars              Unchanged 
16.29                  31.7 
18.00                   20.46 
16.10                  13.71 
13.67                    8.95 
2.70                    2.14 

Grams  of  HjSO. 
per  100 
of  Dry  Wood 
5 
10 
15 
20 
30 

Cellulose 
Removed 
26.5 
37.74 
44.50 
49.25 
56.06 

It  will  be  noticed  that  after  a  maximum  is  reached  a  fairly 
uniform  decrease  of  total  reducing  sugars  and  fermentable 
sugars  occurs,  while  the  cellulose  removed  increases  very 
rapidly.  Since  the  ratio  of  sugar  to  cellulose  removed  in- 
creases with  the  concentration  of  acid,  it  appears  that  the 
sugars  are  destroyed  more  rapidly  than  the  cellulose  is  hydro- 
lyzed.  These  changes  are  shown  somewhat  more  clearlj'  in 
Fig.  I. 

The  yield  of  fermentable  sugar  having  been  materially 
increased  by  the  use  of  10  per  cent  sulfuric  acid  for  15  minutes, 
a  second  set  of  experiments  was  run  in  which  the  acid  con- 
centration was  held  constant  at  10  per  cent  but  the  time 
factor  was  varied.  Here  again  the  yield  of  fermentable 
sugars  passed  through  a  maximum,  although  the  subsequent 
drop  was  gradual.  The  maximum  in  this  series  of  experi- 
ments came  with  an  acid  concentration  of  10  per  cent  and  a 
cook  of  10  minutes'  duration  at  115  pounds'  steam  pressure 
(175°  C).     The  results  may  be  seen  in  Table  IV. 


Tablb    IV 

HjSO. 

Gallons 

in 

Total 

Per  cent 

Alcohol 

Pressure  Percent 

Per  cent 

Sugars 

Alcohol 

per  Ton 

Cook 

Time  Lbs./Sq 

of  Dry 

Reducing 

Ferment- 

Yield 

of  Dry 

No. 

Min.          In. 

Wood 

Sugars 

able 

Per  cent 

Wood 

lOic 

6           115 

10 

21.54 

13.50 

6.88 

20.80 

105c 

10           115 

10 

23.98 

17.02 

8.67 

26.30 

99c 

IS           115 

10 

21.54 

16.54 

8.45 

25.60 

lOSc 

15           115 

10 

22.35 

16.64 

8.47 

25.67 

106<; 

20           115 

10 

21.42 

15.85 

8.10 

24.55 

109c 

25           115 

10 

21.92 

16.18 

8.27 

25.05 

using  7.5  per  cent  sulfuric  acid  cooking  for  15  minutes  and 
varying  the  pressure  from  80  pounds  in  Cook  110c  to  125 
pounds  in  Cook  116c.  This  series  of  experiments  gave  the 
highest  yields  of  alcohol  obtained  heretofore  on  white  spruce 
sawdust,  a  yield  of  29.05  gallons  of  190  proof  or  27.6  gallons 
of  absolute  alcohol  being  obtained — a  29  per  cent  increase 
over  the  blank  The  results  of  these  experiments  are  shown 
in  Table  V. 


Table  V 

HiSO)      Total 

in       Per  cent      Per  cent 

Alcohol 

Pressure  Per  cent     Re-           Sugars 

Alcohol 

Time    Lbs./Sq.  of  Dry    ducing      Ferment- 

Yield 

Min.       In.          Wood      Sugars           able 

Per  cent 

Dry  Wood 

llOc 

15             80          7.5         21.44           13.40 

6.85 

20.70 

lllf 

15           100          7.5         22.51           15  12 

7.72 

23.40 

15           120          7.5         23.60          17.80 

9  11 

27.60 

116c 

15            125           7.5          22.29           16.05 

Table  VI 

Aver- 
Aver-      age 
age      Tern-    HjSO. 

8.11 

24.55 

Pressure  pera-    Coucen-     . Per  cer 

Time  Lbs./Sq.  ture      tration       Before      After 

Cook 

Undecom- 

Mm.       In.         °  C.      G./Cc.       Cook       Cook 

posed 

posed 

IM 

15         19.6       125      0.0125       3.644      3. 588 

1.54 

98.46 

2M 

15       115.1       175      0.0125      3.752       3.786 

-0.91 

100.96 

15       115.1       175      0,0125       1.9152     1.156 

24.55 

75.45 

AM 

10       115.1       175      0.0125       1  9180    1.312 

14.50 

85.5 

5M 

15         54.6       150      0.0125       1.882       1.403 

6.82 

93.18 

6M 

15         19.6       125      0.0250       1.908       1.489 

2.45 

97.55 

Since  these  results  indicate  a  marked  decomposition  of  the 
sugars  under  rather  extreme  conditions,  the  question  naturally 
arose  as  to  what  sugars  were  the  most  susceptible  to  vari- 
ations of  conditions.  Neuman^  studied  the  decomposition  of 
glucose  by  dilute  acid  at  different  temperatures  and  concluded 
that  175°  C.  marked  the  "critical  point"  beyond  which  it 
is  useless  to  investigate  the  production  of  sugars.  Since 
mannose  constitutes  a  considerable  proportion  of  the  sugars 
that  result  from  the 
hydrolysis  of  soft- 
woods, it  was  desira- 
ble to  repeat  this  series 
of  expermients  upon 
this  sugar.  The  results 
obtained  are  given  in 
Table  VI  and  Fig.  II. 
In  the  case  of  mannose 
1.25  per  cent  sulfuric 
acid  was  used  as  com- 
pared with  1,0  per 
cent  and  1.5  per  cent 
in  Neuman's  work. 
The  decomposition  of 
mannose  under  simi- 
lar conditions  is  ap- 
parently the  same  as 
that  of  glucose,  since 
the  curve  showing  the 
rate  of  decomposi- 
tion parallels  those  of 
glucose. 

'  Dissertation,  Dresden,  1910,  p.  31. 
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Having  varied  acid  and  tune  factors,  the  pressure  factor 
was  now  studied,  and  a  series  of  experiments  was  performed 

•  V.  S.  Depl.  AgT.,  Bull.  983. 


Report  of  Committee  on  Fertilizer  Legislation 

A  report  of  the  Committee  on  Fertilizer  Legislation  of  the 
Division  of  Fertilizer  Chemistry  of  the  American  Chemical 
Society  was  presented  at  the  Milwaukee  meeting  by  J.  E. 
Breckcnridge.  This  report  consisted  of  a  review  of  the  fertilizer 
legislation  of  importance  enacted  during  the  past  year,  referring 
particularly  to  the  new  Florida  law  relating  to  the  guarantee  of 
available  and  soluble  nitrogen,  and  to  the  new  North  Carolina 
law  pertaining  to  the  showing  of  the  mineral  and  organic  nitro- 
gen on  the  source  tags. 
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Partial  Hydrolysis  of  White  Spruce  Cellulose' 


By  E.  C.  Sherrard  and  G.  W.  Blanco 
FoRBsT  Products  Laboratory,  Madison,  Wx9. 


DURING  the  investigation  of  the  hydrolj'sis  of  spruce 
cellulose,  attention  was  directed  to  the  presence  of 
considerable  quantities  of  easily  hydrolyzable  mate- 
rial contained  in  cellulose  prepared  by  the  Cross  and  Bevan 
method.  That  this  material  is  not  present  as  such  but  is  pro- 
duced by  mild  hydrolysis  is  indicated  by  the  fact  that,  al- 
though after  isolation  it  is  extremely  soluble  in  water,  it  can 
be  removed  from  the  cellulose  only  upon  prolonged  boiling 
with  water.  It  has  been  obtained  in  the  form  of  a  white  pow- 
der by  concentrating  the  water  extract  to  a  thick  sirup  and  pre- 
cipitating with  ethyl  alcohol.  This  powder  has  a  relatively 
smaU  reducing  value  and  gives  no  test  for  mannose.  After 
hydrolysis  v,ith  dilute  acids,  however,  the  reducing  value  is 
increased  to  about  five  times  that  of  the  original  and  a  sharp 
test  for  mannose  is  obtained.  Pentoses  are  also  present  in 
considerable  quantity. 

This  soUd  material  has  been  partially  purified  by  dissolving 
in  water  and  fractionally  precipitating  wth  alcohol.  The 
product  so  obtained  is  so  extremely  soluble  in  water  that  when 
exposed  to  the  air  the  particles  or  crystals  coalesce  and 
finally  Uquefy.  Some  doubt  exists  at  this  time  as  to  the 
nature  of  the  material,  since  on  two  occasions  well-formed, 
needle-hke  crystals  were  present  when  examined  under  a 
low  power  microscope  in  the  presence  of  the  mother  Uquor. 
WhUe  under  examination  these  needles  would  absorb  water 
and  completely  dissolve.  Subsequent  attempts  to  purify 
further  by  repeated  reprecipitations  resulted  in  obtain- 
ing the  material  in  an  ex-tremely  fine  powder.  Upon  long 
standing,  needles  again  appeared  but  they  constituted  only 
about  one-half  of  the  total  powder,  the  remainder  con- 
sisting of  the  fine  transparent  particles  noted  above.  The 
fine  material  showed  the  same  tendency  to  dissolve  when  ex- 
j)osed  to  air  or  moisture. 

The  presence  of  this  water-soluble  material  in  the  cellu- 

'  Presented  before  the  Division  of  Cellulose  Cliemistry  at  the  66th 
Meeting  of  the  American  Chemical  Society,  Milwaukee,  Wis.,  September 
10  to  14,  1923. 


lose  was  at  first  ascribed  to  a  mild  hydrolysis  by  residual 
acetic  acid  during  drying.  As  a  consequence,  a  new  quan- 
tity of  cellulose  was  prepared  and  hydrolyzed  immediately 
after  the  final  clilorination  both  before  and  after  drying. 
A  second  portion  was  treated  \n.th  acetic  acid  in  the  usual 
way  and  then  hydrolyzed  before  and  after  drjnng.  A  third 
sample  had  the  acetic  acid  removed  by  washing  with  dilute 
ammonium  hydroxide  and  drj-ing.  The  results  of  these 
experiments  are  given  in  Table  I.  It  wiU  be  noticed  that  dry- 
ing has  the  most  pronounced  effect  in  increasing  the  water- 
soluble  material  as  indicated  by  the  loss  in  weight  of  the 
cellulose.  Treatment  with  acetic  acid  without  subsequent 
drying  decreases  the  water-soluble,  but  after  drying  an  in- 
crease is  obtained.  The  removal  of  acetic  acid  by  ammonia 
decreases  the  yield  quite  markedly.  The  reducing  values 
given  in  terms  of  dextrose  agree  quite  well  with  the  quantity 
of  cellulose  lost  upon  hydrolysis,  except  that  after  acetic  acid 
treatment  the  reducing  value  of  the  water-soluble  material 
is  increased.  Successive  refluxing  indicated  that  not  all  the 
material  is  removed  until  after  the  third  4-hour  treatment 
■nith  boiling  water.  The  ratio  of  reducing  values  of  the 
water-soluble  material  before  and  after  hydrolysis  varies 
from  1:2  to  1:5,  and  indicates  that  partial  hydrolysis  oc- 
curred during  extraction  or  that  the  material  is  not  homoge- 
neous. The  ratio  of  mannose  to  total  reducing  material  is 
fairly  constant  in  Experiments  1  and  5,  but  Experiment  2 
incUcates  that  hydrolysis  is  more  complete  after  drjdng, 
wliile  6B  indicates  additional  hydrolysis  by  the  combined 
action  of  acetic  acid  and  heat. 

Two  samples  of  the  water-soluble  material  were  prepared 
in  the  form  of  a  white  powder  and  were  subjected  to  an  ex- 
amination, the  results  of  which  are  given  in  Table  II.  The 
reducing  values  are  given  in  terms  of  dextrose.  Sample  1 
was  prepared  in  the  usual  way,  while  Sample  2  was  washed 
with  about  20  Uters  of  boiling  water  to  make  sure  that  no 
water-soluble  material  remained  in  the  cellulose. 


Table  I — Experiments  on  the  Refluxing  of 

White  Spruce  Cross 

AND  Bevan  Cellulose  with  Water  for  4  Hours 

Before  Hydrolysis  with  4.5%  HjSOi . After  Hydrolysi 

5with"4.5%HrSO. 

Total  Re- 

Reducing 

Total  Cel- 

ducing 

Reducing 

Material 

Mannose 

Cellulose 

lulose  Ex- 

Reducing 

Material 

Material 

in  Per 

Mannose 

Per  cent 

Extracted 

tracted 

Per  cent  in  Per  cent 

Per  cent 

Per  cent 

in  Per  cent 

cent  of 

Per  cent 

of  Total 

Condi- 

Per  cent 

Per  cent 

of  Reduc-    of  Cellu- 

of  Total 

of  Reduc- 

of Cellu- 

Total Cel- 

of Origi- 

Reduc- 

of Orijii- 

of  Origi- 

ing Ma-        lose  Re- 

Cellulose 

ing  Ma- 

lose Re- 

lulose Re- 

nal Cel- 

ing Ma- 

Expt 

1 

Cellulose 
Wet 

Treatment 
First     refluxing     with 
water.       Before  ace- 

nal 

nal 

terial          moved 

Removed 

teria! 

moved 

moved 

lulose 

terial 

tic  acid  treatment.  . 

13.95 

13.95 

1.00              7.17 

5.00 

35.84 

1.17 

23.40 

3 

Dry 

Refluxing     of     residue 

from  Expt.  1 

7.62 

21.57 

0.62             8.14 

7.51 

3.13 

41.07 

37.70 

4 

Dry 

Refluxing     of     residue 
from  Expt.  3 

1.28 

22.85 

2 

Dry 

First     refluxing     with 
water.    Before  acetic 

acid  treatment 

21.80 

21.80 

3.01            13.80 

13.80 

8.21 

37.64 

3.80 

46.16 

S 

Dry 

Refluxing     of     residue 
from  Expt.  2 

5.87 

27.61 

1.28           21.80 

15.50 

4.51 

77.00 

46.00 

1.26 

28.00 

6A 

Wet 

First     refluxing     after 

acetic  acid  treatment 

6.80 

6.80 

3.15           46.32 

6.60 

97.25 

2.13 

32.30 

7 

Dry 

Cellulose    after    acetic 
acid            treatment, 
washed    with    1    per 
cent  NH.OH  and  re- 

fluxed  with  water.... 

4.08 

4. OS 

0.34            8.33 

8.33 

2.30 

56.37 

6B 

Dry 

First     refluxing     after 
acetic     acid      treat- 

ment   

16,24 

16.24 

3.96           24.38 

7.49 

46.12 

4.97 

66.30 

9 

Dry 

Residue  from  Expt,  6B 

4.72 

20.96 

0.93            17.58 

23!  40 

3.25 

10 

Dry 

Residue  from  Expt.  7 

1.54 

6.62 

Trace 

1.15 

74^67 

52!  ii 

11 

Dry 

Residue  from  Expt.  6A 

7.15 

13.95 

1.00            14.00 

29 '63 

3.28 

45.87 

70.83 

12 

Dry 

Hydrolysis  of  cellulose 
residue   from    Expt. 

9  witli5%HCl 

21.72 

42.68 

14.88(HC0  68.51 

60.03 

3.20 
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Tablk  II — Repluxing  op  Cross  and  Bevan  Cellulosk- Water  Examina- 
tion OP  Precipitated  Materiai- 

Sample  1 
Determination  Per  cent 

Cellulose  removed 16.56 

Precipitated  material 12.57 

Reducing  material  before  hydrolysis 15.96 

Reducing  material  after  hydrolysis,  4.5%  HsSOt     70.73 

Mannose  in  per  cent  of  sample 33.37 

Mannose  in  per  cent  of  total  reducing  material.      47. 18 

Pentose  in  per  cent  of  sample 19 .  30 

Pentose  in  per  cent  of  total  reducing  material ....      27 .  28 


Sample  2 
Per  cent 
11.00 
12.03 
11.20 
57.21 
27.00 
47.00 
21.58 
37.70 


The  yield  of  12  per  cent  water-soluble  material  corre- 
sponds approximately  with  the  loss  in  the  preparation  of 
a-celluloise  and  is  a  trifle  less  than  the  loss  in  cellulose.  The 
material  upon  ignition  leaves  no  ash,  is  insoluble  in  alcohol, 


chloroform,  acetone,  methanol,  and  benzene.  The  melting 
point  is  not  definite  but  the  material  begins  to  darken  at 
220°  C;  at  2.35°  C.  it  turns  dark  and  begins  to  decompoise. 
It  shows  no  reaction  with  phenylhydrazine.  The  quantity 
of  pentose  contained  corresponds  to  37.4  per  cent  of  the 
pentose  present  in  the  original  cellulose.  The  mannose 
content  of  the  powder  corresponds  to  42.8  per  cent  of  that 
contained  in  the  original  cellulose. 

No  attempt  is  made  at  this  time  to  ascribe  a  definite 
chemical  constitution  to  this  material.  Were  it  not  for  its 
apparently  crystalline  form,  it  might  well  be  considered  a 
mannan.  Further  investigation  of  this  material  is  now 
under  way. 


The  Estimation  of  Pentoses  and  Pentosans' 

I — The  Formation  and  Distillation  of  Furfural 

By  Norville  C.  Pervier  and  Ross  A.  Gortner 

University  of  Minnesota,    Minneapolis,  Minn. 


THAT  the  wide  distri- 
bution of  the  pento- 
sans in  nature,  as 
pointed  out  bj'  ToUens  in 
1S91,  may  be  of  consider- 
able significance  in  plant 
economy,  is  indicated  by 
the  work  of  Spoehr,  Hooker, 
and  Rosa.  These  sub- 
stances  also    constitute    a 

large  portion  of  the  nitrogen-free  extract  of  many  animal 
feeds  and  have  been  the  subject  of  numerous  experiments  in 
animal  metabolism.  (McCoUum  and  Brannon,  Swartz.)  The 
pentosan  determination  has  also  been  used  as  a  basis  for  de- 
termining the  degree  of  milling  of  flours  (Gerum).  It  is  aj>- 
parent,  then,  that  a  convenient  and  accurate  method  for 
estunating  these  substances  is  very  necessary.  Because  of 
the  serious  shortcomings  inherent  in  the  official  method  for 
determining  pentosans,  the  present  work  was  undertaken. 
Historical 
Formation  of  Furfural — Dobereiner  (1832)  first  obtained 
furfural  by  the  distillation  of  sugar  with  pyrolusite  and  sulfuric 
acid.  Stenhouse  (1840)  later  showed  the  pyrolusite  to  be  un- 
necessary, while  Volckel  (1853)  found  that  furfural  was  a  de- 
composition product  of  many  carbohydrate  materials.  Sten- 
house (1850)  was  the  first  to  prepare  furfural  on  any  appreciable 
scale.  He  distilled  wheat  bran  with  strong  sulfuric  acid.  The 
use  of  a  strong  solution  of  zinc  chloride  in  the  distillation  pro- 
cedure was  proposed  by  Babo  (1853).  Stone  and  ToUens  (1888) 
and  Wheeler  and  ToUens  (1889)  used  sulfuric  acid  of  various 
concentrations.  Phosphoric  acid  was  tried  by  Mann,  Kriiger, 
and  ToUens  (1896).  Glacial  acetic  acid  was  used  by  Testoni 
(1917).  It  was  early  recognized,  however,  that  the  use  of  12  per 
cent  hydrochloric  acid  gave  better  yields  of  furfural,  in  a  shorter 
time,  with  more  accurate  duplication  of  results,  and  with  less 
"humin"  formation,  than  when  any  other  acid  was  used  [Allen 
and  ToUens  (1890),  Giinther  and  ToUens  (1890),  de  Chalmot  and 
ToUens  (1891),  Councler  (1892),  Stone  (1897),  Hauers  and  Tol- 
lens  (1903),  JoUes  (1905),  Ling  and  Nanji  (1921)].  Moreover, 
even  acid  of  12  per  cent  concentration  has  an  appreciable  de- 

1  Presented  before  the  Division  of  Biological  Chemistry  at  the  64th 
Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September  4  to 
8,  1922.     Received  April  10,  1923. 

"  Published  with  the  approval  of  the  director  as  Paper  No.  382,  Journal 
Series  Minnesota  Agricultural  Experiment  Station.  Condensed  from  a 
thesis  submitted  by  Norville  C.  Pervier  to  the  Graduate  School  of  the  Uni- 
versity of  Minnesota  in  partial  fulfilment  of  the  requirements  for  the  de- 
gree of  doctor  of  philosophy. 


Following  a  review  of  previous  worl^  on  the  formation  of  furfural. 
Part  I  is  a  study  of  the  factors  influencing  the  production  of  furfural 
from  pure  arabinose.  pure  xylose,  gum  arabic.  and  pine  sawdust. 
A  method  for  distilling  pentoses  from  acid  solution  by  steam  is  de- 
scribed, in  which  theoretical  yields  of  furfural  are  discussed. 

Part  II,  which  will  appear  in  a  subsequent  issue,  describes  several 
new  volumetric  methods  for  the  determination  of  furfural  in  aqueous 
solution,  and  includes  a  bibliography  on  pentoses  and  pentosans. 


structive  effect  on  furfural,  a 
shown  by  Fraps  (1901), 
JoUes  (1905),  Mayer  andTol- 
lens  (1907),  and  van  Haarst 
and  Olivier  (1914),  and  also 
upon  pentose  as  argued  by 
Unger  and  Jiiger  (1903),  and 
Fraps  (1915).  Also,  araban 
and  fucosan,  as  well  as  the 
corresponding  sugars,  pro- 
duce furfural  very  slowly  so 
that  the  yield  from  them  is 
lower  than  that  from  others 
of  the  group  due  to  the  destructive  action  of  the  acid,  as  has  been 
shown  by  the  above-mentioned  writers  and  by  Kunz  (1916). 
The  yields  of  furfural  usually  obtained  are  recorded  in  Table  I. 


Table  I — Yields  of 

Furfural  Obtained 

PROM  Pentose  Sugars  by  Dis- 

tillation  with 

ACIDS 

Pentose  Recovery 

Yield  of  Furfural 

Per  cent 

Per  cent 

Arabinose 

Observer 

75.00 

48.00 

Browne  (1912) 

74,32 

47.56 

Unger  and  Jager  (1903) 

74,54  to  S2.35 

47.7  to  52.7 

DeChalmot  and  Tollens  (1891) 

73.44 

47.00 

MacKenzie  (1913) 

100 

64.00 

Ling  and  Nanji  (1921) 

98. 7  to  100.8 

64.00 
Xylose 

Jolles  (1905) 

89.85 

57.50 

Unger  and  Jager  (1903) 
Browne  (1912) 

90.00 

57.60 

87.5  to  92,2 

56  to  59 

DeChalmot  and  Tollens  (1891) 

97.5  to  100.3 

64.00 

Jolles  (1905) 

Substances  other  than  pentose  may  also  yield  furfural  on  dis- 
tillation with  acid.  Glucuronic  acid  is  one  of  these,  and  Tollens 
(1909)  has  determined  it  by  a  method  identical  with  that  for 
pentoses.  However,  glucuronic  acid  is  rarely  encountered. 
It  has  also  been  claimed  that  o.xycellulose  produces  furfural. 
This  statement  appears  to  be  based  on  the  early  work  of  Cross, 
Bevan,  and  Beadle  (1894),  Vignon  (1899),  and  Faber  and  Tollens 
(1899),  which  was  done  before  the  production  of  hydroxymethyl- 
furfural  from  he.\ose  materials  was  established.  Aloreover, 
much  of  the  furfural  said  to  be  produced  from  ceUulose  may  really 
have  its  origin  in  true  pentosans  (hemi-  and  ortho-pentosans) 
contained  in  the  ceUulose.  [Konig  and  Rump  (1914),  Schwalbe 
(1918),  Heuser  and  Haug  (1918),  Schwalbe  and  Becker  (1920).  j 
Other  interfering  substances  have  been  mentioned,  but  little  is 
known  concerning  their  composition  and  distribution.  Bray 
and  Staidl  (1922)  claim  to  have  worked  out  a  correction  to  lessen 
the  error  due  to  these  substances,  but  have  not  published  it. 

Tests  for  Furfural — For  determining  when  distillation  is 
complete,  aniline  acetate  has  usually  been  used.  This  is  pre- 
pared by  adding  glacial  acetic  acid  to  a  rai.xture  of  equal  parts 
of  colorless  aniline  and  water  until  the  nii.xture  suddenly  clears. 
It  has  been  frequently  observed,  however,  that  acetic  acid  often 
gives  a  positive  test,  due  to  the  presence  in  it  of  furfural,  as  was 
shown  by  V.  Meyer  (1878).     To  avoid  the  difficulty,  the  use  of 
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concentrated  hydrochloric  acid  has  been  recommended  by 
Tolman  and  Trescott  (1906),  Cunningham  and  Doree  (1914), 
and  Schorger  (1917);  but  strong  mineral  acids  may  destroy  the 
color,  as  has  been  argued  by  de  Chalmot  (1893)  and  by  Baker 
and  Hulton  (1916).  Hydroxymethylfurfural,  arising  from  hexoses 
during  acid  distillation,  does  not  interfere,  since  it  is  formed 
so  slowly  and  in  such  small  quantities  [van  Ekenstein  and 
Blanksma  (1910),  Cunningham  and  Doree  (1914)].  JoUes 
(190.5)  believed  the  aniline  test  was  not  sufficiently  sensitive, 
and  used  Bial's  orcinol-ferric  chloride  test  solution.  Van  Haarst 
and  Olivier  (1914)  preferred  phloroglucinol.  The  present  official 
method  for  the  determination  of  pentoses  makes  no  mention  of 
the  use  of  an  indicator.  Distillation  is  simply  carried  out  at  a 
definite  rate  until  a  definite  volume  of  distillate  has  been  received. 

Official  Method  and  Suggested  Modifications 

The  official  method  of  distillation  is  to  heat  the  sample 
with  12  per  cent  hydrocUoric  acid  at  such  a  rate  that  30  cc. 
]")ass  over  in  10  minutes.  Thirty  cubic  centimeters  more  of 
12  per  cent  acid  are  then  added  and  the  process  is  repeated 
until  300  cc.  of  distillate  have  been  collected. 

The  following  modifications  have  been  proposed: 

Cross,  Bevan,  and  Smith  (1895)  suggested  the  use  of  the  con- 
stant level  apparatus  of  Chorley  (1895),  and  Stanek  (1900) 
devised  an  automatic  apparatus  to  facilitate  the  procedure,  but 
these  have  not  come  into  use.  Heuser  (1921)  found  that  higher 
and  more  accurate  yields  of  furfural  were  obtained  if  the  weighed 
sample  of  pentosan  was  dissolved  in  normal  sodium  hydroxide 
solution  before  distilling  with  acid.  Dekker  (1914)  added  500  cc. 
of  12  per  cent  hydrochloric  acid  and  distilled  directly.  His 
results  were  low.  Grund  (1902)  added  and  distilled  in  50-cc. 
fractions  and  recorded  a  more  intensive  action  by  the  change. 
Jolles  (1905)  added  the  acid,  and  steam-distilled  the  hydrolysate, 
heating  the  latter  so  that  its  volume  decreased  to  about  half 
while  800  cc.  of  water  were  distilled  through  it.  More  acid  was 
then  added  and  the  process  repeated  until  no  more  furfural  was 
produced.  Jolles  claimed  to  get  theoretical  conversions  of  pentoses 
(arabinose  and  xylose)  to  furfural,  the  only  such  claim  made  in 
the  literature. 

Experimental 

Materials — The  following  pentose  materials  were  used: 

/-Arabinose,  [af^  =  103.77° 

d-Xylose,  [c,Y°  =  18.81° 
As  pentosan-containing  materials,  pine  sawdust  and  gum 
arable  were  used,  each  being  ground  to  50  mesh.  These 
materials  were  distilled  with  acid  according  to  the  procedures 
outlmed  below  and  the  furfural-containing  distillate  was 
titrated  by  the  method  proposed  in  Part  II,  which  is  briefly 
as  follows : 

Method  of  Determining  Furfural — A  small  aliquot  of  the  distil- 
late was  titrated  with  standard  alkali  to  determine  its  acidity. 
This  aliquot  was  then  re-added  to  the  distillate  and  sufficient 
hydrochloric  acid  or  strong  sodium  hydroxide  solution  also  added 
to  give  a  final  acidity  of  about  4  per  cent.  Ten  cubic  centimeters 
of  20  per  cent  potassium  bromide  were  then  added  and  the  re- 
sulting solution  was  titrated  with  standard  potassium  bromate 
solution  in  the  manner  described  in  Part  II. 

Indicator — For  deciding  when  distillation  was  complete, 
strips  of  filter  paper  were  used  which  had  been  dipped  in 
anilme  hydrochloride  solution  and  dried.  The  aniline  hydi-o- 
cWoride  solution  was  freshly  prepared  from  colorless  anUine 
and  C.  P.  hydrochloric  acid. 

Effect  of  Acidity  during  Distillation — Owing  to  the 
ease  with  which  furfural  is  destroyed  by  strong  acid,  a  study 
of  the  acidities  obtained  during  distillation  was  regarded 
essential.  Two  12  per  cent  hydrochloric  acid  distillation 
procedures  were  studied — (1)  the  method  of  the  Association 
of  Official  Agricultural  Chemists  (1920),  which  has  been  said 
to  yield  low  furfural  figures;  and  (2)  the  method  of  Jolles, 
in  wliich  theoretical  yields  were  claimed.  In  both  studies 
the  boiling  point  temperatures  were  taken  as  an  index  to 
the  concentration  of  acid  present  in  the  distillation  flasks. 

Official  Distillation  Procedure — The  samples  were 
distilled  as  directed  in  the  official  method  until  360  cc.  had 


distilled  over.  In  each  instance  the  distillation  began  at 
103°  to  104°  C,  but  had  reached  108.55°  C.  (corrected)  by  the 
time  60  cc.  had  been  distilled  out.  Subsequent  additions 
of  12  per  cent  hydrochloric  acid  caused  a  temporary  drop  of 
0.6°  C,  but  the  constant  boiling  temperature  was  very  soon 
again  reached.  The  greater  part  of  the  distillation  took 
place,  therefore,  from  acid  of  IS  to  20  per  cent  concentration. 
The  data  are  recorded  in  Table  II.  The  furfural  in  the  dis- 
tillate was  determined  by  the  titrimetric  method  described 
in  Part  II  of  this  paper. 

Table  II — Pentose  Determinations.     Distillations  by  the  Official 

Method 

(Volume  of  distillate,  360  cc.) 

Weight  of  Pentose  Found 

Sample                ClA^KBrOa             (Factor  =  0.007505)  Recovery 

Gram                              Cc.                                        Gram  Per  cent 

Arabinose 

0.2016                        25.50                                 0.1914  94.9 

0.2005                        25.75                                 0.1943  96.8 

0.2020                        25.35                                 0.1903  94.2 

0.2045                        26.00                                 0.1951  95.4 

Average  95.3 
Xylose 

0.2038                        26.00                                 0.1951  95.7 

0.2022                        25.75                                 0.1943  96.1 

0.2016                        25.80                                 0.1936  96.0 

0.2009                        25.75                                 0.1943  96.7 

Average  96.1 

It  will  be  noted  that  a  recovery  of  95.3  per  cent  from 
arabinose  and  96.1  per  cent  from  xjdose  was  secured.  These 
values  are  higher  than  have  been  found  by  most  workers 
with  the  exception  of  JoUes  (1905),  and  (possibly)  Ling  and 
Nanji  (1921).  Both  Jolles  and  Ling  and  Naji,  as  well  as 
the  writers,  used  titrimetric  methods  for  determining  the 
furfural.  If  the  higher  results  which  the  writers  obtained 
are  not  due  to  a  more  accurate  method  of  determining  the 
furfural  in  the  distillate,  they  are  at  a  loss  to  explain  their 
high  values,  especially  those  of  arabinose. 

Table  III — Pentose  Determinations.     Distillations  by  Steam  from 
12  and  20  Per  cent  Hydrochloric  Acid  Solutions 
Pentose 
Found 
Weight  of      Volume  of       0.1  iV     (Factor  = 
Percent  Sample  Distillate       KBrOa    0.007505)       Recovery 

Acid  Gram  Cc.  Cc.  Gi 


0.2030 
0.2020 
0.2014 
0.2005 
0 . 2030 
0.2040 
0.2000 
0.2010 


1  0.2040 
1 0.2020 
f 0.2035 
10.2045 
10.2033 
I0.2OI6 


Per  cent 
Arabinose 

715           27.00  0.2026  99.8 

650           27.00  0.2026  100.3 

900           26.80  0.2011  99.9 

1200           26.70  0.2004  99.9 

1250           26.75  0.2008  100.2 

7.55           26.75  0  2008  100.2 

900           26.75  0.2008  100.3 

1050           26.75  0.2008  99.9 
Average      100.1 
Xylose 

400           26,65  0.2000  99.8 

620           26.75  0.2008  99.9 

1000           27.00  0.2026  99.3 

425           26.85  0.2015  99.7 

300           27.25  0.2045  100.4 

375           27.25  0.2045  100.0 

500           27.15  0.2038  100.2 

825           26.80  0.2011  99.8 
Average      99.9 


Distillation  Method  of  Jolles — Jolles  advised  that 
the  pentose  sample  be  placed  in  a  distilling  flask  with  200  cc. 
of  12  per  cent  hydrochloric  acid  and  steam-distilled,  boosting 
at  such  a  rate  that  the  volume  decreased  to  about  100  cc. 
wliile  the  steam  from  800  cc.  of  water  was  led  through  it. 
More  12  per  cent  hydrocUoric  acid  was  then  added,  and  the 
process  repeated  as  long  as  furfural  was  produced.  The 
temperatures  obtained  during  this  tj-pe  of  distillation  were 
always  from  103°  to  104°  C,  which  mdicated  that  the  acidity 
of  the  hydrolysate  remained  in  the  neighborhood  of  12  per 
cent  tliroughout  the  distillation.  The  lack  of  destruction 
of  furfural  observed  by  Jolles  must  then  be  due  either  to  the 
low  acidity  during  distillation,  or  to  the  prompt  removal  of 
the  furfural  by  the  current  of  steam  passing  through,  or  both. 

To  determine  which  of  these  factors  was  the  more  im- 
portant, samples  of  pure  pentoses  and  of  the  pentosan  mate- 


November,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


1169 


rials  mentioned  above  were  distilled  with  steam  from  both 
12  and  20  per  cent  hydi-ochloric  acid.  The  heat  was  adjusted 
so  that  temperatures  of  103°  to  104°  C.  were  maintained  in 
the  12  per  cent  distillation,  while  temperatures  of  107°  to 
108°  C.  were  held  in  the  20  per  cent  distillations.  Within 
the  limits  of  experimental  error,  theoretical  results  were  in 
all  cases  obtained  from  the  pentoses  used,  regardless  of  the 
concentration  of  acid.  This  is  shown  in  Table  III.  The 
jientosan  materials  gave  constant  yields,  indicating  that  no 
loss  of  furfural  had  occurred.  (Table  IV)  Furthermore, 
the  rate  of  distillation  did  not  affect  the  yield,  as  shown  by 
the  marked  differences  in  volumes  of  distillates  obtained. 
Evidently,  even  a  slow  current  of  steam  is  sufficient  to  sweep 
out  the  furfural  as  fast  as  it  is  formed  from  the  pentoses. 


Table  V — Pentose  Distillations  by  the  Proposed  Method 


Table  IV- 

-Pentosan  Determinations.     Distillations  by 

Steam  frc 

12  AN 

D  20  Per  cent  HCl  Solutions 

Pentosan 

Found 

Weight  of 

Volume  of 

0.1  AT 

(Factor  = 

Per  cent 

Sample 

Distillate 

KBrOa 

0.006605) 

Pentosan 

Acid 

Grams 

Cc. 
Cum  A 

Cc. 

rabic 

Gram 

Per  cent 

rO.SOlS 

820 

24.50 

0.1618 

32.2 

12 

0.5033 

1160 

24.25 

0.1602 

31.8 

■  0.5053 

723 

24.65 

0.1628 

32.2 

lo.ooie 

925 

24.40 

0.1611 

32.1 

f 0.3004 

640 

24.25 

0.1602 

32.0 

20 

J  0.5053 

685 

24.50 

0.1618 

32.0 

10.5047 

940 

24.50 

0.1618 

32.1 

10.5036 

900 

24.50 

0.1618 
Average 

32.1 
32.1 

Sawdust 

f 1.0020 

935 

23.25 

0.1.535 

15.3 

12 

J  1.0017 

873 

23.25 

0.1535 

15.3 

]  1.0056 

1000 

23.35 

0.1542 

13.3 

[ 1 . 0064 

900 

23.50 

0.1532 

13.4 

f  2 . 0020 

615 

46.40 

0.3064 

13.3 

20 

.2.0014 
2.0049 
12.0032 

710 

46.23 

0.3054 

13.3 

625 

46.50 

0.3071 

15.3 

600 

46.50 

0.3071 

15.3° 

1 . 0026 

575 

23.00 

0.1519 

15.1° 

12 

1.0077 

870 

23.25 

0.1535 

15.2° 

1.0018 

530 

23.25 

0.1535 
Average 

15.3° 
15.3 

a  These  distillations  were  carried  out  according  to  Heuser's  method 
(1921),  the  samples  being  macerated  with  4  per  cent  sodium  hydroxide 
before  distilled  with  acid.  No  increased  yield  of  pentosan  was  obtained. 
Heuser's  determinations  always  ran  4  per  cent  higher  by  this  treatment. 
Hence  the  foregoing  data  further  substantiate  the  claim  that  theoretical 
yields  of  furfural  are  obtained  from  pentosans  by  the  proposed  distillation 
procedure. 

A  comparison  of  the  pentose  results  in  Tables  II  and  III 
indicates  that  the  reason  low  results  are  obtained  by  the 
official  method  Is  that  some  of  the  furfural  is  destroyed  by 
long  contact  with  strong  acid.  Moreover,  this  destructi^'e 
effect  can  be  entii-ely  eliminated  by  carrjdng  a  slow  current 
of  steam  thi'ough  the  hydrol.vsate,  thereby  removing  the 
furfural  as  fast  as  it  is  produced.  Hence  the  following  method 
for  the  quantitati^•e  production  of  furfural  from  pentose 
materials  is  proposed. 

Proposed  Method  for  Distillation  of  Pentoses — 
Place  a  weighed  (0.20  to  5.0  grams  depending  upon  the  pen- 
tose or  pentosan  content)  sample  of  the  material,  and  200  cc. 
of  12  per  cent  hychochloric  acid  (specific  gravity,  1.06)  in  a 
750-cc.  distQling  flask  fitted  up  for  steam  distillation.  Con- 
duct a  slow  current  of  steam  into  the  mixture  and  as  soon 
as  the  mixture  reaches  the  boiling  temperature  heat  the  dis- 
tilling flask  with  a  low  flame  so  that  the  boiling  temperature 
remains  between  103°  to  105°  C.  as  measured  by  a  ther- 
mometer inserted  in  the  vapor  in  the  neck  of  the  distilling 
flask.  By  observing  this  precaution  the  addition  of  fresh 
acid  will  rarely  be  required.  About  one-half  of  the  original 
volume  of  liquid  should  remain  in  the  flask  at  the  end  of  the 
distillation.  Continue  distillation  until  a  di'op  of  the  dis- 
tillate no  longer  gives  a  red  coloration  with  aniUne  test 
paper  on  being  allowed  to  stand  3  to  5  minutes. 

By  following  this  procedure  theoretical  yields  of  furfural 
have  been  obtained  from  aU  the  pure  pentose  materials  which 
have  been  tested.     Representative  data  are  found  in  Table  V. 


light  of  Sample 

0.1  A'KBrOj 

Factor  = 

Grams  Pentose 

Gram 

Cc. 

Arabinost 

Cc.  0.  1  N  KBrOj 

0.2000 

26.50 

0.00755 

0.2005 

26.50 

0.00755 

0.2015 

26.75 

0.00753 

0.2021 

26.85 

0.00732 

0.2030 

27.00 

0.00752 

0.2023 

27.00 

0.00750 

0.2037 

27.23 

0.00747 

0.2040 

27.25 

0.00748 

Average 

0.007515 

Xylose 

0.3020 

40.00 

0.00755 

0.3035 

40.30 

0.00753 

0.3010 

40.00 

0.00752 

0 . 3027 

40.30 

0.00751 

0.3040 

40.45 

0.00754 

0.3070 

41.00 

0.00749 

0 . 3082 

41.20 

0.00749 

0.3044 

40.50 

0.00732 

Average 

0.007519 

Total  Average 

0.007517 

Theoretical 

0.007303 

Conclusions 

The  data  presented  seem  to  warrant  the  following  con- 
clusions : 

1 — Distillations  of  pentose  materials,  carried  out  according 
to  the  method  of  the  Association  of  Official  Agricultural 
Chemists,  take  place  from  hydrochloric  acid  of  18  to  20  per 
cent  concentration,  instead  of  from  12  per  cent  acid  as  usually 
stated. 

2 — Hydrochloric  acid  of  this  concentration  has  a  con- 
siderable destructive  effect  on  furfural,  and  is  no  doubt  partly 
responsible  for  the  low  jaelds  of  furfural  that  are  obtained 
from  all  pentoses  when  the  official  method  is  used. 

3 — The  passage  of  a  slow  current  of  steam  through  the 
distillation  mixture  is  sufficient  to  carry  the  furfural  off  as 
rapidly  as  it  is  formed,  thereby  avoiding  the  destruction  of 
furfural  by  long  contact  with  strong  acid. 


Motion  Pictures  to  Show  Cotton  Dusting  Method 

Two  thousand  feet  of  "movie  film"  were  recently  made  by  the 
motion  picture  office  of  the  Department  of  Agriculture,  showing 
the  method  of  spreading  calcium  arsenate  dust  over  fields  of 
cotton  by  airplane  for  control  of  the  boll  weevil.  The  pictures 
were  taken  at  Tallulah,  La.,  where  the  experiments  in  cotton 
dusting  by  airplane  are  being  conducted  under  the  direction  of 
B.  R.  Coad,  in  charge  of  the  Delta  Laboratory  there. 

Results  obtained  by  this  method  of  spreading  the  poison  have 
been  sufficiently  satisfactory  to  give  promise  of  the  use  of  air- 
planes on  a  commercial  scale  in  fighting  the  boll  weevil,  and  the 
film  was  made  largely  for  the  purpose  of  creating  an  interest  in 
further  development  of  detaU  and  to  show  the  progress  already 
made.  It  will  be  shown  first  before  officials  of  the  Department 
of  Agriculture  and  of  the  War  Department,  which  is  cooperating 
in  the  tests  by  supplying  the  air  machinery  and  personnel. 

The  best  results  to  be  obtained  in  spreading  the  poison  in  this 
manner  are  to  be  had  by  early  morning  flights  when  the  air  is 
still  and  there  are  no  air  pockets  to  make  flying  more  dangerous. 
Three  days  were  taken  to  complete  the  making  of  this  negative 
and  ten  flights  of  from  10  to  30  minutes  each  were  made.  The 
planes  used  were  two  De  Haviland  bombers  which  have  a  speed 
of  from  'JO  to  100  miles  an  hour. 


McBain  Tells  Boston  Chemists  about  Soap 

A  number  of  chemists  of  the  Northea.stern  Section  met  James 
W.  McBain  of  the  University  of  Bristol,  England,  at  luncheon  on 
Monday,  October  1.5.  With  J.  F.  Norris  of  the  Massachusetts 
Institute  of  Technology  as  toastmaster,  greetings  were  tendered 
the  guests  by  A.  B.  Lamb  of  Harvard,  H.  P.  Talbot  of  the  Massa- 
chusetts Institute  of  Technology,  L.  C.  Newell  of  Boston  Uni- 
versity, and  L.  C.  Pratt  of  the  Merriraac  Chemical  Company. 
In  the  evening  Professor  McBain  addressed  the  regular  monthly 
meeting  of  the  Northeastern  Section  on  "A  Study  of  Soap  Solu- 
tions and  Its  Bearing  on  Colloid  Chemistry."  Supported  by 
many  fine  microphotographs,  the  speaker  argued  convincingly 
that  a  soap  gel  has  a  filamentary  or  "brush-heap"  structure. 
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Charts  for  Estimating  Temperature  Distributions  in  Heating 
or  Cooling  Solid  Shapes" 


By  H.  P.  Gumey  and  J.  Lurie 


BosTOM  Beltino  Co..  Boston,  Mass. 


IN  many  technical  proc- 
esses large  solid  shapes 
are  subjected  to  tem- 
perature changes  in  order 
to  attain  certain  physical 
or  chemical  results.  In  st 
doing  the  temperature-time 
relations,  UTespective  of 
what  point  may  be  taken 
as  the  time  origin,  may  dif- 
fer considerably  and  in  con- 
sequence cause  to  exist  dif- 
erent  degrees  of  physical 
inhomogeneity.  Technical 
e.xamples  that  may  be  cited 
are  found  to  abound  in  rub- 
ber, steel,  glass,  and  other  industries. 

The  temperature-time  relations  in  the  interior  of  solid 
bodies  which  are  either  being  heated  or  cooled  may  be 
empirically  determined  by  mserted  thermometers,  thermo- 
couples, or  other  temperature-measm'ing  apparatus,  or  may 
be  calculated  from  the  assumed  conditions,  in  conjunction 
with  the  phj-sical  constants  of  the  materials,  the  surrounding 
contours,  shapes,  and  media.  The  fact  that  thermal  physi- 
cal data  are  not  so  complete  as  they  might  be,  or  that  tech- 
nical conditions  can  rarely  be  made  to  coincide  v,-[th.  the  the- 
oretical prototypes,  does  not  negati\e  the  value  of  such 
estimations,  but  does  require  that  the  precision  of  the  com- 
puted results  should  not  be  overestimated.  A\Tiere  em- 
pirical observations  and  theoretical  calculations  may  be 
made  concurrently,  new  physical  constants  may  be  deter- 
mined wliich  will  be  found  to  be  more  rehable  in  predicting 
other  time-temperature  relations  under  different,  though 
similar  conditions. 

The  curves  in  Figs.  1,  2,  3,  4,  and  5  were  obtained  by  con- 
verting some  of  the  more  common  formulas  for  heat  diffusion 
into  expressions  containing  pure  ratios  or  nondimensional 
variables  only,  thereby  enormously  reducing  the  necessary 
basic  calculations  as  weO  as  extending  the  field  of  appUca- 
bility. 

'  Received  May  25,  1923. 
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Fig.  1 — Unaccomplished  Temperature-Change  Ratios  op  a  Slab  In- 
itially AT  Uniform  Temperature  and  Approaching  Another  Uniform 
Temperature,     p  Defines  Relative  Distance  from  Midplane;   m   De- 
fines Relative  Surface  Resistivity 


This  paper  is  abstracted  from  a  more  complete  exposition  entitled 
"On  the  Heating  and  Cooling  of  Certain  Solid  Shapes,"  a  special 
paper  by  one  of  the  writers  deposited  in  the  library  of  the  Massa- 
chusetts Institute  of  Technology  through  the  courtesy  of  the  Chem- 
ical Engineering  Department.  In  the  original  it  has  not  been  pos- 
sible to  go  exhaustively  into  the  effect  of  time-temperature  relations 
upon  the  physical  properties  of  the  materials  mentioned.  Some  of 
these  relations  are  fairly  well  understood.  .4  better  knowledge  of 
time-temperature  relations  in  such  processes  as  the  Vulcanizing 
of  rubber,  the  hardening  of  steel,  or  the  annealing  of  glass  in  con- 
junction with  graphical  application  of  the  formulas  of  heat  diffusion 
may  help  to  realize  Fourier's  wish  expressed  in  the  introduction  of 
the  memoir,  "Theorie  du  mouoement  de  la  chaleur  dans  les  corps 
solides  (1812),"  that  his  mathematics  be  applied  to  industry. 


In  Figs.  1  to  5,  the  ab- 
scissas 0  to  5.5  are  in  units 
obtained  by  multiplying 
time,  t,  into  the  thermal  dif- 
fusi-idty,  h'',  of  the  material, 
and  then  di\'iding  this  prod- 
uct by  the  square  of  some 
linear  dimension  of  the 
shape  in  ciuestion,  such  as 
the  radius  of  the  sphere  or 
cyhnder,  or  by  one-half  the 
tliickness  of  the  slab,  R^. 
'  The  expression  generally 
emploj'ed  in  denoting  this 
relation  is  r  =th-/R-,v:heTe 
the  symbols  employed  are 
in  the  order  mentioned. 

The  ordinates  1  to  0.002  refer  to  the  ratios  of  unaccom- 
phshed  temperature  change  to  the  total,  limiting,  or  maximum 
possible  temperature  change  that  the  thermal  enwonment 
can  impress  upon  any  part  of  the  body — that  is,  the  tempera- 
ture at  the  start  is  conceived  to  be  unit  and  to  approach  or 
eventually  become  zero.  At  any  time,  t.  in  question  the 
temperature  is  conceived  to  differ  from  the  final  temperature 
by  a  temperature  ratio.  A,  which  approaches  zero  as  a  hmit. 
The  ordinates  are  functions  of  two  other  variables  besides 
time.  The  first  variable,  p,  is  the  ratio  of  the  distance  from 
the  center,  axis,  or  midplane  to  the  point  in  question  to  the 
distance  from  the  surface  to  the  axis,  center,  or  midplane. 
This  ratio,  p,  is  therefore  zero  at  the  center,  axis,  or  midplane, 
and  unit  at  the  surface,  with  intermediate  values  at  points 
between.  In  Fig.  5,  deaUng  with  the  semi-infinite  soUd, 
only  the  pomt  in  question  is  considered;  hence,  p  is  not  in- 
^•olved. 

The  other  function,  m,  is  the  ratio  of  the  thermal  con- 
ductivity, k,  of  the  material  to  the  product  of  the  thermal 
sm-face  conducti^itj'',  E,  into  the  radius,  R,  or  semithickness 
of  the  shape.  Tlxis  is  expressed  symboUcaDy  by  m  =  k/ER. 
If  the  surface  emissivity  is  infinity,  E  =  oo .  That  is,  if  the 
surface  of  the  bod}'^  instantly  assumes  the  temperature  of 
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Fig.  2 — Unaccomplished  Temperature-Change  Ratios  of  a  Cylinder 
Initially  at  Uniform  Temperature  and  Approaching  Another  Uni- 
form Temperature,     p  Defines  Relative  Distance  from  Axis;  m  De- 
fines Rel.^tive  Surface  Resistivity 
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the  surrounding  media,  then  m  =  zero.  If  the  surface  is 
perfectly  insulated  (E  =  0),  then  m  =  co.  m  may  also  be 
expressed  as  the  ratio  of  surface  thermal  resistivity  to  the 
radius  multiplied  into  the  resistivity  of  the  solid  material. 
This  follows  because  of  the  fact  that  these  are  reciprocals, 
respectively,  of  E  and  k. 
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Fig.  3 — Unaccomplished  Temperature-Change  Ratios  of  a  Sphere 
Initially  at  Uniform  Temperature  and  Approaching  Another  Uniform 
Temperature,  p  Defines  Relative  Distance  from  Center;  m  Defines 
Relative  Surface  Resistivity 

Figs.  1,  2,  and  3  exhibit  values  of  A  (between  1  and  0.001) 
from  T  =  0  to  T  =  5.5,  for  p  =  0,  0.2,  0.4,  0.6,  0.8,  and  1.0, 
and  m  =  0,  0.5,  1,  and  2.  For  constant  values  of  A,  t  is 
nearly  linearly  proportional  to  m;  hence,  interpolations  up 
to  2  are  quite  safe,  and  since  the  proportionahty  is  even 
closer  the  greater  m  is,  extrapolation  may  be  carried  up  to 
OT  =  10  without  a  greater  error  than  usually  resides  in  the 
assumed  physical  constants. 

Fig.  4  exliibits  the  values  of  A  for  p  =  0,  0.2,  0.4,  0.6,  0.8, 
in  a  slab,  cylinder,  or  sphere,  where  the  surface  is  subjected 
to  uniform  change  in  temperature,  the  total  temperature 
change  at  any  time,  t,  being  considered  unity. 

Fig.  5  was  prepared  to  take  care  of  a  special  case  of  either 
Figs.  1,  2,  or  3.  This  figure  shows  not  only  the  relative 
temperatures  A  for  w  =  0,  0.5,  1,  and  2,  but  its  differential, 
dA/dr,  with  respect  to  t  for  points  relatively  near  the  sur- 
face of  any  type  of  sohd  body — that  is,  where  p  lies  between 
0.9  and  1.0.  For  lower  values  of  p  there  would  be  an  increas- 
ing error.  In  this  figure  r  =  th-/R-  is  replaced  by  r  =  th-/X-, 
where  A'^  is  the  hnear  distance  from  the  point  in  question  to 
the  sui'face. 

To  illustrate  and  apply  these  figures  more  definitely, 
three  examples  will  be  adduced,  and  the  transformation 
from  arithlog  to  arithmetic  ordinates  will  be  made. 

A  slab  of  rubber  2.5  inches  in  thickness  (hence  3.17  centi- 
meters from  .sm-face  to  midplane)  is  at  atemperatm-eof  80°F. 
uniformly  distributed,  and  is  placed  suddenly  in  surround- 
ings (such  as  a  heated  press)  maintained  at  a  constant  tem- 
perature of  280°  F.,  and  the  body  is  allowed  to  heat  up. 
It  is  desired  to  ascertain  the  temperature-time  relations  at 
the  midplane  (where  p  =  0)  and  at  a  point  0.25  inch  from 
the  surface  (where  p  =  0.8).  The  thermal  conductivity, 
K,  of  the  rubber  is  0.0004  calorie  per  centimeter  cube  per 
second,  while  the  surface  emissi%dty,  E,  is  0.0005,  and  the 
thermal  diffusivity,  h},  is  0.00087  sq.  cm.  per  second.  Under 
these  conditions 

_    _k 0.0004 

"'  ^   ER  ~  0.0005  X  3.17  ~  °-^^ 

and  Sit  T  =  1,  t  must  equal  11,600  seconds,  or  3.22  hours, 
in  order  that  the  following  condition  be  satisfied: 
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The  relation  between  temperature  Fahrenheit,  0,  and  A 
may  be  graphically  determined  by  connecting  points  A  =  1, 
e  =  80°  F.,  and  A  =  0,  0  =  280°  F.,  by  a  straight  line 
or  by  relation 

e  =  280  -  A(280  -  80) 
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Fig.  4 — Unaccomplished  Temperaturb-Change  Ratios  at  Points  in 
A  Slab  Cylinder  or  Sphere  Initially  at  Uniform  Temperature  but 
WITH  Surface  Temperature  Uniformly  Varying  from  Initial  Value 

In  Fig.  6,  upper  part.  Fig.  1  is  duphcated  for  p  =  0  and 
p  =  0.8,  and  m  =  0  and  0.5.  New  dotted  hnes  for  m  =  0.25 
are  drawn  between  m  =  0  and  m  =  0.5,  interpolating  pro- 
portionally between  intersections  of  these  hnes  and  hnes  of 
constant  A.  At  the  right  the  ordinates  are  renumbered  in 
terms  of  temperature  Fahrenheit.  In  Fig.  6,  lower  part, 
these  dotted  lines  are  converted  into  sohd  hnes  on  arithmetic 
ordinates. 

A  large  ingot  of  steel  is  suddenly  cooled  at  its  surface  from 
1100°  to  100°  F.,  hence  undergoing  a  di'op  in  temperature  of 
1000°  F.  It  is  desired  to  ascertain  the  time-temperature 
rate  of  change  relations  at  a  distance  of  1  cm.  from  the  sur- 
face, assuming  the  thermal  diffusivity  of  steel  to  be  0.15 
sq.  cm.  per  second. 

At  T  =  1,  expression  t  =  th'^/X'^  is  satisfied  if  t  =  6.35 
seconds,  and  in  place  of  dA/dr,  dQ/dt,  1000°  F.  per  6.35 
seconds  or  157.5°  F.  per  second.  In  Fig.  7,  upper  part,  the 
ordinates  are  correspondingly  renumbered,  while  in  Fig.  7, 
lower  part,  the  relations  are  converted  over  and  expressed 
on  arithmetic  ordinates.  . 

A  slab  of  glass  1.5  inches  thick  (hence  1.9  centimeters 
from  surface  to  midplane)  is  subjected  to  a  uniform  tempera- 
ture rate  of  increase  of  1°  C.  per  minute  starting  at  20°  C. 
and  proceeding  Uniformly  for  30  minutes  so  that  the  surface 
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Fig.  5 — Unaccomplished  Temperature-Change  Ratios  (4  Upper 
Curves)  with  Rates  of  (Lower  Curves)  Variation  per  Unit  ok  Time 
FOR  A  Point  in  a  Semi-Infinite  Solid  Initially  at  Uniform  Tbmpsra- 
TuRE.     m  Defines  Relative  Surface  Resistivity 
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Fig.  6 — Estimated  Temperature  Curves  at  the  Center  and 
FROM  Surface  of  a  Slab  of  Rubber  Being  Heated  prom  SO*  to 
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-Temperatures  in  a  Glass  Slab  the  Surface  Temperature 
Being  Raised  1°  C.  per  Minute  Starting  at  20°  C. 


Fig.  7 — Rate  of  Cooling  in  a  Steel  Ingot  1  Cm.  from  the  Surface — 
Cooling  from  1100°  ro  100°  F. 

then  arrives  at  a  temperature  of  50°  C.  It  is  desired  to  as- 
certain the  temperature-time  relations  at  0,  0.15,  0..30,  0.45, 
0.60,  and  0.75  incli  from  the  surface — that  is,  at  p  =  1,  0.8, 
0.6,  0.4,  0.2,  and  0  from  0  to  30  minutes. 

To  satisfy  equation  t  =  th''/R'-  when  r  =  1,  i  must  equal 
600  seconds,  or  10  minutes. 

Fig.  8,  upper  part,  presents  Fig.  4  renumbered  at  t  =  1, 
2,  and  3  to  /  =  10,  20,  and  30,  at  wliich  times  the  surface 
temperatures  are  by  definition  30°,  40°,  and  50°  C,  where 
A  =  1  successively  stands  for  10°,  20°,  and  30°  C. 

Fig.  8,  lower  part,  presents  the  same  relations  on  arith- 
metic ordinates.  It  will  be  noted  here  that  after  a  short  time 
the  actual  temperature  differences  between  dilTerent  layers 
equidistant  from  the  midplane  become  uniform  and  the  con- 
ditions approach  a  state  of  uniform  flow. 

It  must  be  perfectly  apparent  from  these  examples  that 
where  temperature  ratios  are  employed  it  is  immaterial 
what  temperature  scale  is  used.  In  evaluation  of  t  in 
the  equation  r  =  th^/R',  care  must  be  taken  that  h'^  is  ex- 
pressed in  the  same  units  as  t  and  R^.  It  should  also  be 
noted  that  Figs.  1  to  5,  and  upper  parts  of  6,  7,  and  8  are 
expressed  in  arithlog  ordinates — that  is,  the  abscissas  progress 
according  to  equal  arithmetic  mcrements,  wliile  the  ordinates 
progress  in  a  logarithmic  order,  equal  increments  represent 
equal  ratio  or  percentage  increases  (or  decreases).  Because 
of  the  fact  that  many  of  the  curves  are  nearly  straight  lines 
when  plotted  on  arithlog  paper,  its  use  is  particularly  recom- 
mendable,  especially  if  extrapolation  is  to  be  done.  Figs. 
6,  7,  and  8,  lower  parts,  are  plotted  on  arithmetic  ordinates. 
Both  abscissas  and  ordinates  progress  by  equal  arithmetic 
increments. 

On  the  occasion  of  the  dedication  of  the  Jesse  Laboratory  of 
Chemistry  at  Brown  University  on  October  10.  the  degree  of 
doctor  of  science  was  conferred  on  James  W.  McBain  of  the 
University  of  Bristol,  who  made  the  principal  address.  The 
degree  of  doctor  of  laws  was  conferred  upon  James  R.  Angell, 
president  of  Yale  University. 
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Experiments  on  the  Arc  Process  for  Nitrogen  Fixation' 


By  Edgar  D.  McCollum  and  Farrington  Daniels 

University  of  Wisconsin,  Madison.  Wis. 


THE  fixation  of  nitro- 
gen by  tlie  arc  proc- 
ess is  a  most  allur- 
ing problem.  It  appeals  to 
the  research  chemist  be- 
cause the  present  limits  of 
efficiency  (approximately 
1  gram  atom  of  fixed  nitro- 
gen per  kilowatt-hour)  are  not  established  by  theoretical 
deductions,-  and  because  the  electrochemistry  of  gases  has 
received  a  new  impetus  in  the  recent  development  of  the 
field  of  atomic  structure.  It  appeals  also  to  the  industrial 
chemist  because  the  raw  materials — air,  water,  and  gravity — ■ 
are  cheap  and  because  the  labor  costs  are  remarkably  low. 

The  problem  can  be  solved  and  the  hmits  of  efficiency  can 
be  established  only  after  years  of  fundamental  research  in 
the  fields  of  electricity,  photochemistry,  and  atomic  structure. 
It  seemed  worth  while,  however,  to  perform  a  few  experi- 
ments in  which  the  variables  were  carefully  limited  in  order 
to  test  out  certain  procedures  wliich  it  was  thought  might  in- 
crease the  efficiency. 

It  is  important  to  point  out  that  in  the  case  of  stable, 
efficient  arcs  the  practical  problem  lies  in  the  quick  removal 
of  the  nitric  oxide  before  decomposition  can  set  in,  and  it  is 
immaterial  whether  the  nitric  oxide  is  formed  in  a  purely 
thermal  equilibrium,  by  electronic  or  ionic  impact,  or  by 
photosjaithesis.  One  of  the  simplest  ways  of  quickly  re- 
moving the  products  consists  in  blowing  the  air  through  the 
arc  very  rapidly.  There  are  two  limits  to  this  procedure — 
first,  the  ex-tinguishing  of  the  arc,  and,  second,  the  difficulty 
of  recovering  the  oxidized  nitrogen  when  its  concentration 
is  low. 

The  second  objection  may  be  overcome  by  dispensing  with 
the  ordinary  absorption  towers  filled  with  liquids  and  ad- 
sorbing the  nitrogen  peroxide  with  silica  gel.^  Since  the  cost 
of  absorption  in  present  practice  constitutes  about  one-quar- 
ter of  the  total  cost  of  fixing  nitrogen  by  the  arc  process,  the 
experiments  seemed  particularly  worth  while. 

Apparatus  and  Procedure 

The  apparatus  is  shown  in  Fig.  1.  The  chamber.  A,  was 
made  of  Pjtcx  glass  5  cm.  in  diameter  and  100  cm.  long. 
The  electrodes,  E,  were  placed  in  side  tubes,  fused  to  the 
main  tubes.  The  side  tubes  were  long  enough  so  that  an 
airtight  joint  could  be  made  with  rubber  tubing  without 
danger  of  heating  the  rubber.  The  air  was  previously  dried 
through  two  washing  bottles  of  sulfuric  acid  and  two  towers 
of  sodium  hydroxide  sticks.  It  was  introduced  into  the  arc 
from  below  by  means  of  a  5-mm.  glass  tube  at  right  angles  to 
the  electrodes.  The  end  of  the  glass  tube  was  placed  3  mm. 
from  the  electrodes  and  remained  in  the  same  position 
throughout  aU  the  experiments.  The  electrodes,  of  3-mm. 
steel  rods,  were  touched  together  to  start  the  arc  and  then 
dra\vn  apart  to  a  distance  of  5  mm.  in  all  the  experiments. 
The  flowmeter,  F,  was  cahbrated  in  liters  of  air  per  min- 
ute, passing  into  the  arc. 

'  Received  April  16,  1923. 

-  Thermodynamical  calculations  such  as  given  in  Haber's  "Thermo- 
dynamics of  Technical  Gas  Reactions,"  p.  267,  are  open  to  considerable  sus- 
picion as  regards  the  temperature.  In  fact,  one  cannot  speak  properly 
of  the  temperature  of  an  arc  in  a  quantitative  sense. 

"  McGavack  and  Patrick,  J.  Am.  Chem.  Soc,  42,  946  (1920) 


Liquid  nilrogen  peroxide  may  be  made  on  a  laboratory  scale  from 
air  in  an  electric  arc  with  the  help  of  silica  gel.  No  improoement 
in  the  chemical  efficiency  of  the  arc  was  obtained  by  using  rapid 
air  currents,  by  interrupting  the  arc,  or  by  changing  the  character 
of  the  arc  with  condensers.  Better  yields  were  obtained  at  high 
voltages. 


The  nitrogen  peroxide  was 
collected  in  a  weighed  tube 
of  silica  gel,  S,  2  cm.  in  diam- 
eter, a  tube  of  glass  wool,  G, 
serving  to  trap  particles 
coming  from  the  disintegra- 
tion of  the  electrodes.  A 
second  tube  of  silica  gel  and 
a  wash  bottle  were  placed  after  tube  S,  but  they  showed  at 
all  times  that  the  absorption  in  the  fii'st  tube  was  complete. 
Most  of  the  nitrogen  peroxide  was  absorbed  in  the  fii'st  10 
cm.  of  the  tube,  as  showTi  by  the  brown  color.  Connections 
were  made  with  overlapping  glass  joints  and  de  Khotinsky 
cement.  The  increase  in  weight  of  the  silica  gel  tube  gave 
directly  the  number  of  grams  of  nitrogen  peroxide.  This 
weight  was  checked  occasionally  by  heating  the  silica  gel  in 
a  current  of  air.  The  loss  in  weight  was  always  equal  to 
the  gain  in  weight  previously  observed. 

The  wattage  throughout  all  the  experiments  was  kept  con- 
stant by  adjusting  the  core  of  a  choke  coil,  C,  until  the  wheel 
of  the  watt-hour  meter,  M,  made  6  revolutions  per  minute. 
This  operation  required  close  attention.  Since  each  revolu- 
tion of  the  wheel  corresponded  to  5/24  watt-hour,  the  energy 
input  was  75  watts  per  hour.  Most  of  the  experiments  were 
continued  for  an  hour,  giving  usuaDy  about  1  gi-am  of  nitrogen 
peroxide,  and  the  total  energy  consumer  was  read  directly 
on  the  watt-hour  meter.  The  current  was  measured  with  a 
hot  wire  ammeter  in  series  with  the  arc. 


Arc  Process 


In  some  of  the  experiments  an  interrupter,  /,  was  used. 
It  was  constructed  of  four  stout  wires  arranged  at  right 
angles  on  a  wooden  hub.  The  wires  dipped  into  a  trough 
of  mercury  and  were  so  arranged  that  the  circuit  was  open 
half  the  time  and  closed  half  the  time.  The  hub  made  125 
revolutions  per  minute,  interrupting  the  arc  500  times  per 
minute.  -  The  choke  coil  was  set  to  allow  the  consumption  of 
75  watts  per  hour  on  continuous  current  and  inasmuch  as  the 
current  was  flowing  during  only  one-half  of  the  time  the  ex- 
periment was  allowed  to  run  for  a  longer  time.  The  actual 
energy  consumption  was  read  directly  on  the  meter.     In  using 
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the  interrupter  the  air  flow  was  such  as  to  sweep  the  products 
of  the  arc  away  from  the  electrodes  while  the  arc  was  extin- 
guished. One  liter  of  air  was  passed  through  the  5-mm. 
tube  in  1  minute.  The  cross  section  of  the  tube  was  0.1963 
sq.  cm.,  giving  a  linear  velocity  to  the  gas  of  1000/0.1963,  or 
5102  cm.  per  minute.  The  arc  was  out  for  0.002  minute. 
The  gas  moved  10  cm.  during  this  time.  Since  the  height  of 
the  arc  was  between  2  and  3  cm.  aU  the  gas  must  have  been 
removed  from  the  region  of  the  arc  while  the  current  was  off, 
even  allowing  for  spreading  out  of  the  air  after  leaving  the 
nozzle. 


1 

1/5 

^ 

1 

/ 

• 

/ 

SDOO  ID  000  IS,  000  20,000 

Volts 

PiQ.  2 — Relation  between  Voltage  and  Yield  of  Nitrogen  Peroxide 


Tliis  apparatus  made  it  possible  to  keep  constant  the 
energy  input  (75  watts  per  hour),  the  electrode  material, 
the  electrode  distance,  the  air  pressure,  and  the  stream  lines. 
With  these  variables  ehminated  the  effect  of  the  other  factors 
was  studied.  For  110  volts  the  ordinary  alternating  current 
lighting  circuit  was  connected;  for  1100  and  2200  volts  a 
2-kilowatt,  oil-immersed  transformer,  T,  was  used,  and  for 
20,000  volts  a  Thordarson  1-kilowatt  transformer  served. 
Corrections  were  not  made  for  the  transformer  losses,  the 
energj'  input  being  measured  on  the  primary  side.  This  loss 
probably  did  not  amount  to  more  than  10  per  cent.  The 
interrupter  was  placed  ahead  of  the  transformer  so  that 
its  losses  were  not  included. 

Results 

The  e.\periments  of  Table  I  show  the  influence  of  voltage 
and  air  velocity,  with  an  energy  consumption  of  75  watts 
per  hour. 


Table  I— Effect  c 

F  Voltage  and  A 

R  Velocity  on  Yield 

Air  Flow 

Yield  N2O. 

Volts 

Liters/Minute 

Grams/Kilowatt- Hour 

110 

1.00 

1.5 

110 

1.00 

0.3 

1100 

0.48 

7.5 

1100 

0.90 

7.9 

1100 

0.91 

7.6 

1100 

0.94 

4.9 

1100 

1.00 

4.8 

noo 

1.00 

7.5 

1100 

Fast 

5.0 

1100 

Fast 

8.2 

1100 

Fast 

S.O 

2200 

1.00 

12.3 

2200 

1.00 

12.8 

2200 

1.00 

10.2 

2200 

1.00 

13.3 

20,000 

0.95 

9.0 

20,000 

1.00 

12.8 

20,000 

1.00 

15.8 

20,000 

1.10 

14.4 

20,000 

1.30 

16.1 

tory,  but  these  variations  seem  to  be  a  failing  common  to 
aU  similar  investigations,  due  possibly  to  slight  fluctuations 
in  the  arc.    Average  values  are,  however,  significant. 

The  110-volt,  1100- volt,  and  2200- volt  arcs  were  yellow 
in  color,  but  the  20,000  volt  arc  was  whitish.  The  current 
with  the  1100- volt  arc  was  0.7  ampere  and  with  the  20,000 
volt  arc,  0.2  ampere.  It  is  obvious  that  the  power  factor  was 
low  on  account  of  the  large  amount  of  inductance  in  the 
circuit. 

In  Table  II  are  shown  the  influence  of  various  changes  in 
the  arc.  In  all  these  experiments  the  energy  input  was  75 
watts  per  hour  and  the  voltage  20,000. 


Table  II — Effect  of  Changes  in  Arc 


Description  of  Arc 
Spark  discharge 


Large  condenser,  fat  blue  spark 


Flow 
iters/Mini 
0.95 
0.97 
1.00 
0.95 
1.00 
Fast 
Very  slow 
1.00 
1.00 
1.00 
1.00 
0.95 
1.00 
1.00 
1.00 
1.00 


Yield  NiO. 
Grams/ 
Kilowatt-Hour 
2.0 
4.8 
4.9 
12.8 


Low 
Low 

4.2 


14.0 
13.5 
13.4 


The   agreement   between   experiments   performed   under 
supposedly  constant  conditions    is    not    entirety    satisfac- 


With  large  electrodes  the  yields  decreased,  and  in  fact  with 
electrodes  of  too  large  cross  section  the  thermal  conduction 
was  so  great  as  completely  to  prevent  the  maintenance  of  an 
arc  at  the  low  wattages.  If  the  electrodes  were  too  small, 
on  the  other  hand,  they  were  melted  by  the  arc.  Terminals 
of  stout  platinum  wire  were  fused  at  once. 

Several  experiments  with  direct  current  at  110  volts  gave 
low  yields  wliich  were  about  the  same  as  those  with  the  al- 
ternating current  at  110  volts. 

Since  the  second  silica  gel  tube  showed  no  increase  in 
weight,  it  was  assumed  that  the  recovery  of  the  fixed  nitrogen 
was  complete.  The  first  silica  gel  tube  returned  to  its  orig- 
inal weight  after  heating  to  350°  C,  in  a  slow  stream  of  air 
(1  or  2  cc.  per  minute),  and  no  nitric  acid  was  observed  either 
in  the  connecting  tubes  or  in  the  tube  surrounded  by  ice  and 
salt  in  which  the  nitrogen  peroxide  was  liquefied.  These 
facts  showed  that  all  the  fixed  nitrogen  was  removed  as 
nitrogen  peroxide,  even  though  some  nitric  acid  may  have 
been  formed  from  the  water  on  the  silica  gel. 

The  most  important  feature  of  the  investigation  consisted 
in  keeping  the  energy  input  constant  throughout  the  experi- 
ments. The  maximum  yield  of  16  grams  of  nitrogen  peroxide, 
or  22  grams  of  nitric  acid  per  kilowatt-hour,  is  only  about  a 
third  of  the  yield  frequently  obtained  with  large  arcs  in  in- 
dustrial practice. 

Conclusions 

Adsorption  wth  silica  gel  offers  an  excellent  method  for 
the  recovery  of  o.xides  of  nitrogen  from  the  arc,  since  in  this 
way  nitrogen  peroxide  may  be  removed  from  rapid  air  cur- 
rents at  low  concentrations.  By  heating  the  silica  gel  the 
concentrated  nitrogen  peroxide  may  be  recovered  ready  for 
liquefaction,  or  for  absorption  in  water  to  give  concentrated 
nitric  acid.  The  silica  gel  is  then  ready  for  further  adsorp- 
tion. 

The  yield  of  nitrogen  peroxide  per  kUowatt-hour  increases 
rapidly  with  the  voltage  up  to  a  few  thousand  volts,  after 
wliich  further  increase  in  voltage  does  not  greatly  affect  it. 
The  relation  between  voltage  and  jield  per  kilowatt-hour, 
for  an  energy  input  of  75  watts  per  hour  in  the  apparatus 
described,  is  shown  in  Fig.  2.  The  curve  is  roughly  of  the 
exponential  type  and  is  similar  to  saturation  curves  obtained 


November,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


1175 


in  certain  ionization  experiments.  It  suggests  that  possibly 
an  increase  in  voltage  increases  tlae  fraction  of  energy  wliich 
can  be  made  to  do  cliemical  work,  but  that  some  other  in- 
fluence, sucli  as  concentration,  or  possibly  an  intermediate 
step  of  slow  velocity,  limits  the  production  for  the  larger 
yields. 

Small  variations  in  the  velocity  of  the  air  through  the  arc 
do  not  affect  the  yield  within  the  experimental  range  studied. 
When  the  velocity  is  high  enough  to  render  the  arc  unstable 
the  yield  decreases  appreciably.  At  very  low  velocities  it  is 
to  be  expected  that  the  yield  would  decrease.  Cramp  and 
Hoyle^  in  an  exhaustive  study  of  the  arc  found  that  increas- 
ing the  velocity  of  air  through  the  arc  increased  the  yield 
of  nitrogen  peroxide  per  ampere  up  to  a  maximum  and 
then  decreased  it.  It  is  important  to  point  out,  however, 
that  their  results  were  not  on  the  basis  of  jneld  per  given 

*  J.  Inst.  Eke.  Ens.,  43,  319  (1909). 


energy  input,  but  on  the  basis  of  yield  for  a  given  current. 

Haber  and  Platou^  foimd  that  increasing  the  velocity 
of  air  from  approximately  0.5  liter  per  minute  to  2  liters 
per  minute  increased  tlie  yield  of  nitric  acid  about  one-third. 

Interrupting  the  arc  so  as  to  sweep  out  the  gases  from  an 
extinguished  arc  does  not  give  increased  yields.  This  fact 
shows  that  after  the  current  is  shut  off  the  kinetic  energy  of 
the  molecules  is  not  decreased  instantaneously  to  a  condi- 
tion (temperature)  at  which  the  nitric  oxide  is  stable. 

Spark  discharges  give  less  nitrogen  pero.xide  per  kilowatt- 
hour  than  arcs.    The  use  of  condensers  is  disadvantageous. 

No  increase  in  yield  results  from  previously  ozonizing  the 
air. 

Pure  nitrogen  peroxide  may  be  readily  obtained  from  air  on 
a  small  scale  with  the  use  of  silica  gel  in  connection  with  an 
electric  arc. 

»  Z.  Eleklrochem.,  16,  802  (1910). 


Determination  of  Nitrate  Nitrogen' 

In  the  Presence  of  Cyanamide  and  Some  of  Its  Derivatives 

By  Kenneth  D.  Jacob 

Fixed  Nitrogen  Research  Laboratory,  Washington,  D.  C. 


IN  CONNECTION  with 
investigations  on  the 
rate  of  nitrification  of 
commercial  calcium  cyana- 
mide' and  some  of  its  deriv- 
atives in  the  soil  an  accurate 
method  for  the  determina- 
tion of  nitrate  nitrogen  in 
the  presence  of  these  com- 
pounds is  desired.  Of  the 
numerous  methods  pro- 
posed for  the  estimation  of 
nitrate  nitrogen,  alone  or 
in  the  presence  of  other 
forms    of    nitrogen,    those 

based  upon  colorimetric  or  reduction  procedures  have  as  a 
rule  proved  the  most  satisfactory.  Colorimetric  methods 
give  accurate  results  when  the  quantity  of  nitrate  present 
is  comparatively  small,  their  relative  accuracy  decreasing  as 
the  amount  of  nitrate  increases.  It  is  also  often  difBeult 
to  obtain  a  colorless  solution  of  the  nitrate,  especially  with 
soils  containing  considerable  organic  matter  and  soluble 
salts.  Of  the  reduction  methods  that  using  Devarda's  alloy 
in  dUute  sodium  hydroxide  solution  has  under  ordinary  con- 
ditions given  consistent  and  accurate  results  in  the  hands 
of  different  investigators,  as  shown  by  the  excellent  work 
of  AUen^  and  of  Da\asson.''  While  the  method  gives  satis- 
factory results  in  the  presence  of  considerable  soil  organic 
matter,  it  is  unreliable  in  the  presence  of  cyanamide  and 
many  of  its  transformation  products.  Modifications  of  the 
Allen  method  which  ehminate  these  interfering  substances 
are  here  presented. 

Preliminary  experiments  on  the  recovery  of  added  nitrate 
nitrogen  from  mixtures  containing  cyanamide,  urea,  dicyano- 
diamide,  or  guanylurea  sulfate,  by  reduction  with  Devarda's 

1  Received  June   18,   1923. 

2  Hereafter  referred  to  as  cyanamide, 
s  This  Journai.,  7,  521  (1915). 
*Ibid.,  10,  600  (1918). 


Cyanamide  and  certain  of  its  derivatives  interfere  in  the  deter- 
mination of  nitrates  by  reduction  with  Devarda's  alloy. 

Cyanamide,  dicyanodiamide.  and  guanylurea  are  quantitatively 
removed  by  precipitation  with  silver  sulfate.  Urea,  if  present, 
is  converted  into  ammonia  by  the  action  of  urease  and  the  nitrogen 
contained  in  the  urease  extract  removed  with  silver  sulfate. 

After  elimination  of  the  interfering  compounds  the  nitrate  is 
determined  by  the  Devarda  alloy  method. 

These  analytical  methods  were  used  at  this  laboratory  in  con- 
nection with  a  series  of  soil  nitrification  studies  on  cyanamide, 
dicyanodiamide,  guanylurea,  and  urea,  and  have  given  entirely 
consistent  and  satisfactory  results  on  several  hundred  separate 
analyses. 


alloy,  gave  in  all  cases  re- 
sults that  were  from  10  to 
20  per  cent  above  the  theo- 
retical. This  fact  had  pre- 
viously been  observed  by 
Cowie*  in  the  course  of 
nitrification  experiments 
with  cyanamide  and  dicy- 
anodiamide. The  high  re- 
sults for  nitrates,  in  the 
presence  of  cyanamide  and 
its  derivatives,  are  due  to 
the  gradual  decomposition 
of  the  latter  compounds  in 
hot  alkahne  solution  with  a 
slow  evolution  of  ammonia,  part  of  which  appears  as  nitrate 
in  the  final  analysis.  In  order  to  obtain  accurate  results  the 
interfering  nitrogen  must  be  removed  before  proceeding  with 
the  nitrate  determination. 

For  the  removal  of  cyanamide,  dicyanodiamide,  and  gua- 
nylurea, an  adaptation  of  Caro's  method,  as  improved  by 
Brioux,^  for  the  determination  of  combined  cyanamide  and 
dicyanodiamide  was  used.  Brioux's  method  involves  the 
precipitation  of  these  compounds  from  a  water  solution  with 
sOver  nitrate  and  potassium  hydroxide.  This  procedure 
suggested  a  means  of  freeing  the  solution  of  cyanamide  and 
dicyanodiamide,  but  silver  nitrate  could  not  be  used  as  a 
precipitant  because  it  introduced  additional  nitrate  nitrogen. 
By  using  100  cc.  of  a  saturated  solution  of  silver  sulfate 
(containing  about  0.75  gram  AgjSOj)  the  interfering  nitrogen 
from  a  solution  containing  as  much  as  50  mg.  of  cyanamide, 
dicyanodiamide,  or  guanylurea  sulfate  is  satisfactorily  re- 
moved. The  interference  due  to  the  presence  of  urea  is 
also  reduced,  but  is  not  completely  removed  by  this  pro- 
cedure. 

Urea  may  be  completely  hydrolyzed'  to  ammonia  and 

»  J.  Agr.  Set..  9,  113  (1919). 

«  Ann.  sci.  agron.,  27,  Pt.  1,  241  (1910). 

'  Fox  and  Geldard,  This  Journai,,  15,  743  (1923). 
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carbon  dioxide  within  a  very  short  time  by  the  action  of  the 
enzyme  urease  present  in  jack-bean  flour.  This  procedure 
is  effective  in  removing  the  interfering  urea,  since  the  am- 
monia formed  can  be  easily  removed  by  distillation  before 
determining  the  nitrate.  However,  the  extract  of  jack-bean 
flour  itself  contains  nitrogen  compounds  which,  on  boiling 
with  dilute  sodium  hydroxide,  slowly  evolve  ammonia.  The 
extract  from  170  mg.  of  jack-bean  flour,  analyzed  for  nitrate 
nitrogen  by  Allen's"  method,  showed  0.39  mg.  of  nitrogen 
appearing  as  ammonia  and  0.62  mg.  as  nitrate.  The  inter- 
fering nitrogen  from  the  jack-bean  flour  extract  is  almost 
completely  removed  by  precipitation  with  silver  sulfate  and 
potassium  hydroxide,  as  shown  later. 

Analytical  Methods 

1.  NiTR.iTE  Nitrogen  in  Absence  of  Interfering  Com- 
pounds— This  method  is  essentially  that  devised  by  Allen. 
A  suitable  aliquot  of  the  solution  containing  the  nitrate  is 
measured  into  an  800-cc.  Kjeldahl  flask,  5  cc.  of  20  per  cent 
sodium  hydroxide  are  added,  and  the  total  volume  is  made 
up  to  350  cc.  The  flask  is  connected  to  a  distilling  apparatus, 
fitted  with  an  efficient  type  of  scrubber  bulb,  and  boiled  until 
300  cc.  of  distillate  collect  in  the  receiver.  Tliis  removes  all 
ammonia,  either  free  or  combined.  To  the  50  cc.  of  solution 
remahiing  in  the  flask  are  added  200  cc.  of  water  and  1.5  to 
2  grams  of  nitrogen-free  Devarda's  alloy  (about  60  mesh). 
The  flask  is  immediately  connected  with  the  distilling  appa- 
ratus, and  200  cc.  are  ddstilled  into  a  known  quantity  of  0.1 
•or  0.05  iV  sulfuric  acid,  in  the  course  of  about  1  hour.  The 
nitrogen,  as  ammonia,  found  by  titrating  the  excess  sulfuric 
acid  with  0.05  N  sodium  hydi-oxide,  using  methyl  red  as  an 
indicator,  represents  the  nitrate  present  in  the  origmal  ahquot. 

The  Kjeldalil  flasks  should  be  free  from  all  traces  of  De- 
varda's alloy  or  zinc  before  distilluig  off  the  original  am- 
monia; otherwse  some  of  the  nitrate  may  be  reduced  and 
thus  fail  to  appear  in  the  final  nitrate  determination. 

2.  Modification  for  Nitr.ate  Nitrogen  in  Pres- 
ence OF  Cyanamide,  Dicyanodi.^mide,  and  Guantlurea — 
To  a  measured  sample  containing  these  forms  of  nitrogen 
are  added  100  cc.  of  a  saturated  solution  of  silver  sulfate  and 
10  cc.  of  a  15  per  cent  solution  of  potassium  hydroxide. 
The  precipitate  is  allowed  to  stand  for  about  1  hour,  with 
frequent  stirring,  and  is  then  filtered  directly  into  an  800-cc. 
Kjeldahl  flask.  The  precipitate  is  washed  six  times  with 
10-cc.  portions  of  water,  5  cc.  of  20  per  cent  sodium  hydroxide 
are  added  to  the  flask,  and  the  total  volume  is  made  up  to 
about  350  cc.  After  distilling  off  the  ammonia  the  nitrate 
nitrogen  is  determined  as  in  the  preceding  method.  Urea 
is  only  partly  removed  by  this  procedure. 

Blank  determinations  should  be  run  on  all  samples  of  silver 
sulfate,  as  tliis  compound,  unless  especially  purified,  usually 
contams  an  appreciable  quantity  of  nitrate. 

3.  Modification  for  Nitr.\te  Nitrogen  in  Pres- 
ence OF  Urea — A  neutral  aliquot  of  the  original  solution 
containing  urea,  nitrate,  and  other  forms  of  nitrogen  is 
treated  with  10  cc.  of  a  neutral  2  per  cent  extract  of  jack- 
bean  flour  and  allowed  to  stand  for  1  hour.  At  the  end 
of  tliis  time  the  enzvTue  urease  will  have  converted  the  urea 
present  into  carbon  dioxide  and  ammonia.  In  order  to  free 
the  solution  of  the  nitrogen  added  in  the  jack-bean  ex-tract, 
it  is  treated  with  silver  sidfate  and  potassium  hydroxide 
solutions  as  in  the  pre\dous  procedure,  and  the  nitrate  nitro- 
gen is  determined  as  usual,  after  first  distilling  off  the  am- 
monia. Cyanamide,  dicyanodiamide,  and  guanylurea  are 
also  removed  bj'  tliis  procedure. 

Experimental  Results 

In  obtaining  the  data  the  distillations  were  carried  out  on 
an  ordinary  Kjeldahl  rack,  using  the  scrubber  distilling  bulb 


described  by  Davisson,'  the  bulb,  condenser  tube,  and  adapter 
being  made  of  Pyrex  glass  and  thus  eliminating  danger  of 
alkah  from  the  glass  parts. 

All  the  results  have  been  corrected  for  the  blank  on  re- 
agents, and,  in  the  case  of  soil  extracts,  the  nitrate  nitrogen 
present  in  the  soil.  The  soil  used  was  a  Susquehanna  loam 
that  had  been  under  cultivation  as  a  garden  for  about  15 
years,  and  contained  a  comparativelj^  large  quantity  of 
organic  nitrogen. 

In  order  to  determine  to  what  extent  cyanamide,  dicyano- 
diamide, urea,  and  guanylurea  interfere  in  the  usual  method 
for  determining  nitrates  by  reduction  with  Devarda's  alloy, 
two  sets  of  analyses  were  made,  one  using  these  compounds 
in  water  solution,  and  tlie  other  in  the  presence  of  soil  ex- 
tract. In  the  first  case,  quantities  of  the  nitrogen  com- 
pounds, each  equivalent  to  20.88  mg.  of  nitrogen,  were 
weighed  into  separate  Kjeldahl  flasks,  350  cc.  of  distOled 
water  added,  and  the  usual  nitrate  determination  was  carried 
out.  For  the  analyses  in  the  presence  of  soil  extract,  quan- 
tities of  the  compounds,  each  equivalent  to  20.88  mg.  of 
nitrogen,  were  mixed  with  separate  portions  of  100  grams 
of  air-dried  soil  and  each  sample  was  immediately  extracted 
wth  500  cc.  of  water,  .\liquots  equivalent  to  8.35  mg.  of 
added  nitrogen  were  analyzed  for  nitrates  by  the  procedure 
applicable  in  the  absence  of  interfering  compounds. 

Table   I — Interference  op  Cyanamide,   Dicyanodiamide,  Urea,  and 
Guanylurea  in  Determination  of  Nitrate  Nitrogen  by  Reduction 
WITH  Devarda's  Alloy 
Added  Organic  Nitrogen  Appearing  as  Nitrate  Nitrogen 

Nitrogen  ^ A'^ — >  ^ Bb ■ 

Compound  Mg.  Per  cent  Mg.  Per  cent 

Cyanamide  4.39  21.02  1.S6  22.27 


4!23 

20.26 

1.51 

18.08 

Dicyanodiamide 

3.76 
3.51 

18.01 
16.81 

1.42 
1.51 

17.00 
18.08 

Urea 

2.23 
2.15 

10.68 
10.29 

0.64 
0.65 

7.66 

7.78 

Guanylurea 
sulfate 

3.01 
2.90 

14.41 
13.  S8 

0.38 
0.38 

4.55 
4.55 

a  In  pure  solution.     Added  organic  nitrogen  =  20.88  mg. 

6  In  the  presence  of  soil  extract.     Added  organic  nitrogen  =  8.35  mg. 

■  Although  the  results  given  in  Table  I  are  not  entirely 
comparable  because  of  the  varying  quantities  of  organic 
compounds  used  in  the  two  cases,  they  show  that,  even  in 
the  presence  of  comparatively  small  quantities  of  cyan- 
amide and  some  of  its  derivatives,  an  appreciable  portion 
of  the  organic  nitrogen  appears  in  the  final  analysis  as  nitrate. 

In  order  to  determine  the  efficiency  of  the  method  for  the 
removal  of  interfering  nitrogen  due  to  the  presence  of  cyan- 
amide, dicyanodiamide,  and  guanylurea,  quantities  of  these 
compounds,  each  equivalent  to  20.88  mg.  of  nitrogen,  were 
thoroughly  mixed  with  100-gram  portions  of  air-dried  soil, 
and  the  whole  was  immediately  extracted  with  500  cc.  of 
water.  Mquots  equivalent  to  8.35  mg.  of  added  nitrogen 
were  treated  as  described  under  (2)  of  "Analytical  Methods," 
with  the  follovving  results: 

The  interfering  cyanamide,  dicyanodiamide,  and  guanyl- 
urea nitrogen  can  be  removed  practically  to  within  the  limits 
of  experimental  error  by  precipitation  with  silver  sulfate 
and  potassium  hydroxide.  The  interference  caused  by  the 
presence  of  urea  is  reduced  by  this  procedure,  but  its  removal 
is  not  complete. 

In  order  to  determine  the  efficiency  of  the  method  for  the 
removal  of  interfering  urea  nitrogen,  soil  extracts  containing 
urea  were  prepared  in  the  same  manner  as  those  used  in 
obtaining  the  results  given  in  Table  II.  Aliquots  equivalent 
to  8.35  mg.  of  urea  nitrogen  were  analyzed  by  the  method 
previously  described  for  the  removal  of  urea  nitrogen. 

The  average  results  given  in  Tables  II  and  III  compare 
very  favorably  with  respect  to  the  removal  of  the  added  forms 

>  This  Journal,  11,  465  (1919). 
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TablB  II — Efficiency  of  Method  for  Removal  op  Cyanamide,  Dicyano- 

DIAMIDE.    AND    GUANVLUREA 

(Added  organic  nitrogen    =   S.35  Mg.) 

Added  Organic  Nitrogen  Appearing 

as  Nitrate  Nitrogen 

Nitrogen  Compound                              Mg,  Per  cent 

Cyanamide                                                   0.031  0.37 

0.023  0.27 

0.057  0.68 

0.031  0.37 

Av.  0.035  0.42 

Dicyanodiamide                                          0.023  0.27 

0.031  0.37 

0.031  0.37 

0.040  0.47 

Av.     0.031  0.37 

Guanylurea  sulfate         ■                           0.065  0.78 

0.098  1.17 

0  040  0.47 

0.048  0.57 

Av.     0.063  0,75 

Urea                                                               0.452  5.41 

0.528  6.32 

Av.     0,490  5,86 

of  organic  nitrogen.  In  order  to  determine  the  efficiency 
of  the  procedures  as  regards  the  recovery  of  added  nitrate 
nitrogen  in  the  presence  of  the  organic  nitrogen  compounds, 
soil  extracts  were  prepared  in  the  same  manner  as  those 
previously  used.  Aliquots  containing  3.89  mg.  of  added 
nitrate  nitrogen  in  the  form  of  potassium  nitrate  and  8.35 
mg.  of  added  organic  nitrogen  were  analyzed  by  one  of  the 
procedures  dependent  upon  the  nature  of  the  organic  nitrogen 
present. 


Table  III — Efficiency  op  Method  for  Removal  of  Interfering  Urea 
Nitrogen 

(Added  urea  nitrogen    =  8.35  mg.) 
Added  Urea  Nitrogen  Appearing  as  Nitrate  Nitrogen 

Mg.  Per  cent 

0.092  1.10 

0.045  0.53 

0.019  0.22 

0.019  0.22 

0.027  0.33 

Av.     0.040  0.4S 

Table  IV — Recovery  of  Nitrate  Nitrogen  in  Presence  op  Cyanamide 
and  Some  of  Its  Derivative.s 

(Added  nitrate  nitrogen  =  3.89  mg..  added  organic  nitrogen  =  8.35  mg.) 
Organic  Nitrogen                             Added  Nitrate  Nitrogen  Recovered 

Compound                                               Mg,  Per  cent 

None                                                              3.930  101.03 

3.920  100.77 

A  v.     3.925  100.90 

Cyanamide                                                   3. 894  100.10 

3.928  100.97 

3.955  101.67 

3.898  100.21 

Av.     3.919  100.74 

Dicyanodiamide                                         3.932  101.08 

3.974  102.16 

3.879  99.71 

3.960  101.80 

Av.     3.936  101.19 

Guanylurea  sulfate                                    3.896  100.16 

3.852  99.02 

A  v.     3.874  99.59 

Urea                                                               3.886  99.89 

3.877  99.66 

3.919  100.74 

Av.  3.894  100.10 


Colloidal  Copper  Hydroxide  as  a  Fungicide' 


By  Henry  D.  Hooker,  Jr. 

University  of  Missouri,  Columbia,  Mo. 


AT  PRESENT  there  is  no  entirely  satisfactory  fungicide 
available.  The  two  most  important  ones  are  Bor- 
deaux and  lime-sulfur,  but  both  burn  the  foliage 
under  certain  climatic  conditions,  and  neither  is  remarkable 
for  its  sticking  or  spreading  properties.  Bordeaux  is  difficult 
to  prepare  correctly  and  the  ready-made  mixtures  on  the 
market  have  not  proved  ideal.  Lime-sulfur  does  not  control 
some  fungus  diseases,  such  as  apple  blotch,  and  consequently 
fruit-growers  must  supplement  lime-sulfur  sprajdng  by  sub- 
sequent applications  of  Bordeaux  where  this  disease  is  prev- 
alent. Lime-sulfur  is,  moreover,  a  most  disagreeable  ma- 
terial to  handle. 

It  was  thought  that  a  colloidal  copper  compound  would 
prove  an  ideal  fungicide.  If  a  material  having  a  positive 
electrical  charge  could  be  prepared,  it  should  have  in  col- 
loidal suspension  the  sticking  and  spreading  qualities  of  lead 
arsenate.  It  was  thought  that  the  burning  properties  of 
Bordeaux  might  be  eliminated  by  preparing  an  insoluble 
compound  such  as  copper  hydroxide  in  coDoidal  suspension 
because  plant  membranes  are  impermeable  to  colloids. 

Preparation  of  Copper  Hydroxide 

Colloidal  copper  hydroxide  was  prepared  by  using  a  mod- 
ification of  the  method  reported  by  Bradfield^  for  the  prepa- 
ration of  colloidal  iron  hydroxide,  aluminium  hydroxide, 
and  silicic  acid.  A  10  per  cent  solution  of  sodium  hydroxide 
was  added  to  a  solution  of  copper  sulfate  with  constant 
stirring  until  the  supernatant  liquid  lost  its  color.  Copper 
hydroxide  was  thrown  down  as  a  pale  blue  precipitate. 
An  excess  of  alkali  leads  to  the  formation  of  a  deep  blue 
precipitate  which  changes  on  standing  to  black  copper  oxide. 

"  Received  July  23,  1923. 

'J.  Am.  Chem.  Soc,  44,  965  (1922). 


This  must  be  avoided  and  it  is  better  to  leave  some  copper 
sulfate  in  solution  than  to  attempt  to  reach  an  end  point. 
The  mixture  so  prepared  contains  sodium  suKate,  a  small 
amount  of  copper  sulfate  in  solution,  and  a  precipitate  of 
insoluble  copper  hydroxide  which  holds,  probably  by  ad- 
sorption, a  considerable  amount  of  copper  sulfate.  The 
preparation  of  colloidal  copper  hydroxide  depends  on  the 
removal  of  the  electrolytes — namely,  the  copper  sulfate 
and  sodium  sulfate  in  solution  and  likewise  a  large  part  of 
the  adsorbed  copper  sulfate.  Tliis  was  accomplished  by 
agitation  and  repeated  washing  by  sedimentation.  Dis- 
tilled water  was  used. 

When  first  thrown  down  by  the  addition  of  sodium  hy- 
droxide solution,  a  mixture  was  obtained  that  was  far  from 
homogeneous.  This  was  pumped  under  pressure  with  a 
hand  pump  through  a  spray  nozzle  from  one  receptacle  to 
another,  to  break  up  the  precijntate  and  render  the  mixture 
as  homogeneous  as  possible.  This  procedure  was  repeated 
after  every  few  washings.  The  mixture  was  transferred  to  a 
tall  glass  vessel  and  allowed  to  settle  for  24  hours.  The  su- 
pernatant liquid  was  siphoned  off,  distilled  water  was  added, 
and  the  whole  was  mixed  thoroughly  by  vigorous  stirring. 
After  a  dozen  such  washings  by  sedimentation  practically 
all  the  free  salt  was  removed .  As  long  as  the  copper  hydroxide 
was  washed  in  relatively  small  volumes  of  water — 50  parts 
of  water  by  weight  to  one  of  copper  hydroxide — the  super- 
natant liquid  remained  clear.  After  the  free  salt  had  been 
removed,  the  volume  of  wash  water  was  increased  to  200 
parts  of  water  by  weight  to  1  part  of  copper  hydroxide,  and 
the  process  of  washing  by  sedimentation  continued.  After 
several  washings  the  precipitate  settled,  leaving  an  opalescent, 
supernatant  liquid.  This  contained  a  very  small  amount 
of  copper  hydroxide,  which  settled  out  after  standing  for 
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several  days.  As  the  washing  was  continued  the  amount 
of  copper  hydroxide  remaining  in  suspension  after  the  set- 
tling of  the  larger  particles  increased  until  what  might  be 
termed  an  incipiently  colloidal  solution  was  obtained  which 
contained  1  part  by  weight  of  copper  hydroxide  in  1000  of 
water.  At  this  concentration  and  dispersion  the  solution 
foamed  readily  on  shaking.  This  was  the  maximum  con- 
centration and  dispersion  obtained  by  the  process  described. 
The  material  so  prepared  is  a  delicate  robin's-egg  blue  by 
reflected  light  and  blue-green  by  transmitted  light.  The 
copper  hydroxide  remained  in  suspension  for  several  weeks, 
but  the  solution  became  stratified. 

By  centrifuging  in  a  supercentrifuge  the  copper  hydroxide 
is  thrown  out.  This  may  be  ground  up  with  small  amounts 
of  water,  resuspended,  and  shaken  according  to  the  Brad- 
field  procedure.  After  centrifuging  a  few  times  a  true  col- 
loidal solution  can  be  prepared. 

Various  modifications  of  this  method  might  be  suggested. 
It  would  undoubtedly  require  fewer  wasliings  to  prepare 
colloidal  copper  hydroxide  from  a  monovalent  salt  such  as 
copper  cliloride.  Several  devices  might  be  used  to  remove 
larger  percentages  of  water  from  the  copper  hydroxide  than 
is  possible  by  sedimentation,  thus  making  each  washing  more 
thorough.  The  addition  of  small  amounts  of  acetic  acid 
will  peptize  the  copper  hydroxide.  The  object  of  this  work, 
however,  was  to  prepare  colloidal  copper  hydroxide  from  the 
cheapest  materials  by  the  simplest  procedure.  If  a  supply 
of  soft  water  had  been  available,  tliis  would  have  been  used 
instead  of  distilled  water,  thus  reducing  still  further  the  cost 
of  manufacture. 

Spraying  Experiments 

Two  distinct  types  of  copper  hydroxide  were  used  in  the 
spraying  experiments.  One  was  a  sediment  from  which 
all  free  soluble  salts  had  been  washed,  but  wliich  showed  no 
tendency  to  go  into  colloidal  suspension.  'Wlien  washed  in 
a  large  volume  of  water  it  settled  out  quickly,  leaving  a  clear 
supernatant  hquid.  The  other  was  an  incipiently  colloidal 
preparation  purified  as  far  as  possible  by  the  sedimentation 
method.  This  material  remained  in  suspension  for  a  long 
period  and  foamed  when  shaken. 

Experiments  were  carried  out  in  a  neglected  apple  orchard 
that  had  not  been  sprayed  for  several  years.  The  materials 
were  used  in  the  following  concentrations: 

Parts  by  Copper  Used 

Weight  of  Compared 

Concen-            Water  to  with  3:  4:  60 

Trees          tration                 1  Part  Bordeaux 

Copper  Hydro.xidB      Sprayed            %                  Cu(OH)2  % 

Sediment:  i  «q  n 

1st  dilution 2                0.4                        250  143.0 

2ad  dilution 1                0.2                        500  71.5 

3rd  dilution 2               0.1                      1000  35.8 

4th  dilution 4                0.05                    2000  17.9 

"^"istd/lution  1  0.076  1315  27.0 

2nd  diCon  .■:.:::      2       o.oss        2630  13.5 

3rd  dilution 3  0.019  5260  6.8 

The  trees  sprayed  were  Ben  Davis.  A  power  spray  was 
used  and  the  material  was  appUed  with  a  spray  gun.  The 
first  application  was  a  calyx  spray  on  May  11.  This  was 
followed  by  sprays  on  May  21  and  June  4.  On  the  two 
latter  occasions  lead  arsenate  was  added  at  the  rate  of  3 
pounds  of  powder  to  100  gallons  of  spray.  Fifteen  trees  in 
the  same  orchard  were  sprayed  at  the  same  time  with  3 : 4 :  50 
Bordeaux  and  fifteen  others  with  3: 100  lime-sulfur.  A  large 
number  of  trees  were  left  unsprayed  as  checks.  The  only 
water  supply  available  for  diluting  the  spray  material  was  a 
muddy  stock  pond.  This  water  was  used,  though  clear 
water  would  have  been  preferable,  as  mud  is  a  negative 
colloid  and  throws  copper  hydroxide  out  of  suspension. 

The  early  part  of  the  season  was  characterized  by  cool, 
wet  weather,  particularly  favorable  to  Bordeaux  burning. 


When  the  last  spray  was  applied  it  was  observed  that  all  the 
apples  in  the  trees  sprayed  with  the  copper  hydroxide  sedi- 
ment had  been  burned,  presumably  by  the  first  application. 
Contrary  to  expectations  the  first  dilution  of  the  colloidal 
preparation  produced  exceptionally  severe  burning;  the  second 
dilution  gave  burning  approximately  equivalent  to  the  3 : 4 :  50 
Bordeaux;  the  lowest  dilution  produced  very  little  burning, 
not  much  more  than  lime-suLfur.  The  first  dilution  of  the 
sediment  gave  severe  burning,  though  not  so  severe  as  the 
strongest  concentration  of  the  coUoid;  the  second  burned 
about  equal  to  3:4:50  Bordeaux;  the  third  and  fourth,  slightly 
less.  It  was  distinctly  noteworthy  that  dilution  of  the  col- 
loidal preparation  reduced  burning  to  a  greater  ex'tent  than 
did  similar  dilution  of  the  sediment. 

On  July  12  the  fruit  was  removed  from  each  of  the  sprayed 
plots  and  from  check  trees  to  determine  the  fungicidal  value 
of  the  sprays.  The  unsprayed  fruit  showed  both  apple 
scab  and  apple  blotch.  Approximately  20  per  cent  of  the 
fruit  was  diseased,  13  per  cent  by  scab  and  7  per  cent  by 
blotch.  The  fruit  on  all  sprayed  trees  was  clean,  not  a  single 
sign  of  scab  or  blotch  being  found  on  any  of  the  apples 
from  trees  sprayed  with  copper  hydroxide.  The  trees  treated 
with  the  first  dilution  of  the  sediment  and  of  the  colloid  had 
lost  all  their  apples,  apparently  as  a  result  of  the  severe 
burning. 

The  fact  which  merits  emphasis  is  that  under  the  condi- 
tions of  the  experiment  complete  protection  from  both  scab 
and  blotch  was  afforded  by  the  weakest  concentration  of 
the  colloidal  copper  hydroxide  used  and  that  this  spray  pro- 
duced very  little  burning,  much  less  than  3: 4;  50  Bordeaux 
and  very  httle  more  than  lime-sulfur.  The  amount  of  cop- 
per used  was  one-fifteenth  that  used  in  3:4:50  Bordeaux. 
These  preliminary  tests  would  indicate,  therefore,  that  a 
great  saving  in  the  cost  of  fungicidal  spray  materials  could  be 
made  by  using  prepared  colloidal  copper  hydroxide.  Should 
the  results  be  confirmed  by  subsequent  tests  under  a  wide 
variety  of  chmatic  conditions,  1  pound  of  copper  as  col- 
loidal copper  hydroxide  would  suffice  to  spray  2  to  3 
acres  of  apple  orchard  once.  It  is,  of  course,  possible  that 
an  even  more  dilute  concentration  may  give  adequate  pro- 
tection and  no  burning. 

Additional  experiments  on  a  small  scale  have  shown  that 
colloidal  copper  hydroxide  can  be  mixed  with  nicotine  sulfate. 
A  colloidal  solution  containing  1  part  of  the  hydroxide  in  5000 
parts  of  water  was  sprayed  on  one  peach  tree  and  on  one 
cherry  tree.  Tliis  work  was  done  with  a  hand  pump  and  a 
rod  with  a  disk  nozzle.  No  evidence  of  burning  on  either 
kind  of  fruit  could  be  found.  However,  no  additional  in- 
formation concernmg  the  fmigicidal  properties  of  copper 
hydroxide  was  obtained. 

Conclusion 

Preliminary  experiments  indicate  that  copper  hydroxide 
prepared  as  a  coUoid  is  fungicidal  to  apple  scab  and  apple 
blotch  in  concentrations  of  1  part  of  hydroxide  to  5000  of 
water.  At  tliis  concentration  it  produced  very  shght  burn- 
ing. It  has  excellent  sticking  properties  due  to  its  positive 
charge  and  spreads  well  m  dilute  solution.  It  can  be  used 
in  conjunction  with  lead  arsenate  and  nicotine  sulfate. 
Although  it  would  be  hazardous  to  estimate  the  cost  of  man- 
ufacture, it  is  clear  that  colloidal  copper  hydroxide  would  be 
much  less  expensive  than  either  Bordeaux  or  Ume-sulfur. 


From  Germany  comes  announcement  of  the  death  of  P.  Fried- 
lander,  privat-dozent  for  organic  chemistry  and  technical  or- 
ganic technology  in  the  Technical  Hochschule  at  Darmstadt. 
Professor  Friedlcinder  is  well  known  for  his  investigations  on 
the  chemistry  of  dyestuffs  and  for  his  work  "Fortschritte  der 
Teerfarbenfabrikation,"  which  appeared  in  twelve  volumes. 
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Studies  of  the  Activity  of  Organic  Nitrogenous 
Compounds — IF' 

By  C.  S.  Robinson,  O.  B.  Winter,  and  Selma  Bandemer 

Michigan  Agriculturai.  Experiment  Station,  East  Lansing,  Mich, 


In  a  precious  publication'^  it  was  shown  that  a  more  or  less  intimate 
relationship  existed  between  the  nitrogen  present  in  an  acid  hydroly- 
sate  as  amino  acids  and  acid  amides  and  that  evolved  as  ammonia 
upon  oxidation  with  alkaline  permanganate  solution  as  prescribed 
by  the  official  methods  of  the  A.  O.  A.  C* 

In  the  present  article  the  action  of  permanganate  is  further 
studied  using  two  samples  of  protein  and  several  of  common  base 
goods  of  the  fertilizer  trade.  Previous  work  dealt  only  with  the 
ultimate  quantities  of  ammonia,  acid  amide,  and  amino  nitrogen 
obtained  upon  decomposition.  In  the  work  herein  reported  an 
effort  was  made  to  ascertain  whether  or  not  any  connection  exists 
between  the  rates  of  decomposition  of  various  materials  and  their 
fertilizer  values.  The  study  of  the  several  factors  influencing  the 
results    with    the    permanganate    digestion    was    also    undertaken. 


THIS  work  may  per- 
haps be  characterized 
as  an  analysis  of  the 
alkaline  permanganate 
method.  In  it  an  attempt 
has  been  made  to  follow 
the  progress  of  the  digestion 
and  distillation  by  analyz- 
ing the  digestion  mixture  at 
regular  intervals  and  by 
collecting  the  distillate  in 
fractions  in  each  of  which 
the  ammonia  was  deter- 
mined. 

The  procedure  finally  fol- 
lowed was  the  outgrowi.h  of 

a  lengthy  study  of  the  problem  and  of  many  attempts  to  de- 
velop a  method  as  closely  analogous  as  possible  to  the  official 
technic.  One  plan  tried  out  involved  running  the  experi- 
ments in  regular  Kjeldahl  flasks  and  sampling  the  contents 
at  intervals.  It  was  thought  that  satisfactory  results  could 
be  obtained  by  assuming  that  the  total  nitrogen  present 
in  the  system  at  any  time  equaled  the  amount  originally 
present  less  the  ammonia  removed.  Only  after  consider- 
able work  had  been  done  and  a  number  of  other  possibilities 
eliminated  was  it  discovered  that  nitrogen  escaped  in  some 
form  other  than  ammonia  (apparently  as  free  nitrogen), 
which  fact  introduced  appreciable  errors  into  the  results. 
It  was  found  necessarj'  actually  to  determine  in  each  frac- 
tion both  the  ammonia  in  the  distillate  and  the  total  nitro- 
gen in  the  residue. 

ApP.'i.H.'i.TUS 

The  apparatus  consisted  of  twelve  pairs  of  test  tubes, 
2.5  cm.  in  diameter  and  25  cm.  long,  each  tube  being  fitted 
with  a  perforated  rubber  stopper  through  which  passed  two 
pieces  of  glass  tubing  about  6  mm.  in  diameter.  One  of 
these  reached  almost  to  the  bottom  of  the  test  tube  and 
terminated  in  a  bulb  perforated  with  a  number  of  holes  which 
served  to  break  up  into  small  bubbles  the  air  stream  drawn 
through  it,  while  the  other  was  flush  with  the  bottom  of  the 
stopper.  One  test  tube  in  each  pair  served  as  a  reaction 
vessel  and  the  other  as  a  receptacle  for  standard  acid  to 
catch  the  ammonia  evolved,  the  outlet  tube  of  the  former 
connecting  with  the  inlet  tube  of  the  latter. 

Procedure 

In  making  the  determinations  one-third  of  the  amount  of 
sample  necessary  to  furnish  50  mg.  of  water-insoluble  ni- 
trogen— i.  e.,  one-third  of  an  official  sample — was  weighed 
into  each  reaction  tube.     The  connection  with  the  companion 

'  Received  July  27,  1923. 

2  Journal  Article  No.  25  from  the  Chemical  Laboratory  of  the  Michigan 
Agricultural  Experiment  Station.  Published  by  permission  of  the  Director 
of  the  Experiment  Station,  The  material  contained  in  this  article  was  origi- 
nally to  be  published  in  two  papers,  the  second  and  third  in  the  series.  As 
such  they  were  read  by  title  at  the  Birmingham  and  Pittsburgh  meetings, 
respectively,  of  the  American  Chemical  Society. 

'  This  Journal,  13,  933  (1921), 

'  Assoc.  Official  Agr.  Chem,,  Methods,  1920,  p.  11. 


tube  containing  acid  was 
then  made  and  40  cc.  of  an 
alkaline  permanganate  solu- 
tion (one-third  the  official 
quantity)  were  introduced 
through  the  inlet  tube, 
slight  suction  being  applied 
to  the  outlet  of  the  acid 
tube  for  the  purpose.  The 
reaction  tubes  were  then 
thoroughly  shaken  and  set 
in  a  water  bath  (95°  C.) 
while  the  attached  tubes 
were  held  outside  of  the 
bath  by  means  of  clamps. 
In  working  with  pro- 
teins it  was  found  that  complete  solution  was  effected 
during  the  15  minutes  allowed  for  the  temperature  of  the 
contents  of  the  tubes  to  rise  from  that  of  the  room  to 
that  of  the  bath.  This  procedure  was  arbitrarOy  followed 
with  all  the  other  materials,  assuming  that  the  alkali- 
soluble  matter  would  be  dissolved  during  this  prelimi- 
nary stage.  Time  was  counted  from  this  point  and  one 
tube  removed  every  5  minutes  for  30  minutes,  an  interval 
corresponding  to  that  specified  for  the  digestion  of  the 
sample  in  the  official  A.  0.  A.  C.  methods.  Each  tiibe  was 
removed  with  the  acid-containing  one  attached  and  im- 
mediately cooled  to  room  temperature  to  stop  the  reaction. 
The  outlet  of  the  acid-containing  test  tube  was  then  at- 
tached to  a  suction  pump  to  remove  any  ammonia  remaining 
in  the  digestion  mixture  and  the  excess  acid  titrated  as 
usual.  The  digestion  residue  was  transferred  to  a  volumetric 
flash,  acidified  with  sulfuric  acid,  diluted  to  the  mark,  and 
used  for  the  determination  of  total  and  amino  nitrogen. 

At  the  end  of  the  30  minutes,  when  the  sixth  pair  of  tubes 
had  been  removed,  the  remaining  six  were  transferred  to 
an  oil  bath.  After  10  minutes  one  tube  was  taken  out  and 
another  at  the  end  of  each  subsequent  10-minute  interval, 
so  that  the  total  time  consumed  in  the  experiment,  exclusive 
of  the  preliminary  "solution"  period,  was  90  minutes.  The 
oil  bath  used  during  the  last  60-minute  stage  was  held  at 
such  a  temperature  (140°  C.)  that  only  a  small  amount  of 
liquid  remained  in  the  last  tube  when  it  was  removed.  By 
this  procedure  its  contents  were  subjected  to  the  conditions 
prescribed  by  the  official  methods. 

It  must,  of  course,  be  admitted  that  this  procedure,  which 
differs  markedly  from  that  specifically  fixed  in  the  official 
method,  may  in  some  cases  lead  to  very  different  results. 
The  rather  good  agreement  between  the  final  values  for  the 
active  insoluble  nitrogen  as  determined  by  the  two  procedures 
indicates  that  such  differences  are  but  little  in  excess  of  those 
normally  to  be  expected  with  the  official  method.  The 
writers,  therefore,  feel  confident  that,  in  spite  of  the  radical 
differences  in  technic,  the  conclusions  drawn  from  the  present 
work  are  applicable  to  the  official  procedure. 

All  determinations  were  made  in  duplicate  and  the  dupli- 
cates agreed  as  well  as  could  be  expected. 

For  purposes  of  comparison,  determinations  using  the  same 
strength  of  alkali  but  omitting  the  permanganate  were  also 
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made,  thus  making  it  possible  to  calculate  the  actual  results 
due  to  the  permanganate. 

The  results  are  shown  in  the  accompanying  figures. 

Effect  of  Alkali  Alone  and  of  Alk.\line 
Permanganate 

The  chief  result  of  the  action  of  alkali  on  protein  compounds 
is  one  of  hydrolysis  with  the  formation  of  ammonia  and  amino 
acids,  the  former  being  produced  cluefly  from  acid  amides, 
although  there  are  some  secondary  reactions  whereby  some 
compounds  other  than  acid  amides  are  made  to  jdeld  am- 
monia. While  the  relative  amounts  of  ammonia  and  amino 
nitrogen  produced  by  protein  hydrolysis  vary  with  different 
substances,  the  quantity  of  amino  nitrogen  is  always  much 
greater  than  the  ammonia.  In  the  most  common  animal 
proteins  the  ammonia  formed  during  acid  digestion  amounts 
to  about  5  to  10  per  cent  of  the  total  nitrogen,  while  the  amino 
fraction  approximates  60  to  70  per  cent.  Data  are  not 
available  on  the  alkaline  hydrolysis  of  many  materials, 
but  these  figures  would  be  somewhat  changed,  the  anunonia 
tending  to  increase  at  the  expense  of  the  amino  nitrogen. 

Inspection  of  the  graphs  illustrating  the  results  of  the 
action  of  alkali  alone  upon  the  materials  used  in  the  present 
work  shows  that  the  quantities  of  ammonia  are  unusually 
high,  that  the  amino  nitrogen  values  are  low,  and  that  their 
sum  is  usually  not  equal  to  the  ammonia  and  amino  nitrogen 
ordinarily  found  in  protein.  Hence  it  may  be  concluded 
that  hydrolysis  is  incomplete  under  the  conditions  of  these 
experiments.  In  general,  both  forms  of  nitrogen  increase 
during  the  progress  of  the  digestion  and  the  maximum  is 
not  reached. 

The  permanganate  graphs  show  an  entirely  different 
picture.  Here  the  amino  nitrogen  is  almost  negligible  in 
quantity  and  tends  to  decrease  in  amount  as  the  digestion 


progresses.  In  the  case  of  the  full  sample  of  glue  hair  where 
the  permanganate  color  was  discharged  at  the  end  of  20 
minutes,  the  amino  nitrogen  tends  to  increase,  the  curve 
assuming  more  closely  the  form  of  that  for  the  alkaline  di- 
gestion. With  the  full  sample  of  cottonseed  meal  the  same 
condition  exists  during  the  middle  part  of  the  experiment, 
but  during  the  last  20  minutes  an  increased  formation  of 
ammonia  is  accompanied  by  a  decrease  in  the  amino  nitrogen. 
While  it  is  apparent  that  some  of  the  ammonia  in  all  cases 
is  produced  at  the  expense  of  the  amino  nitrogen,  the  lack 
of  agreement  between  the  total  amounts  produced  indicates 
that  this  is  not  the  whole  story,  but  that  the  action  of  the 
permanganate  is  more  deep-seated,  producing  ammonia 
from  Unkings  not  ammonified  by  alkali  alone. 

Action  of  Permanganate  in  Relation  to  Measurement 
OP  Nitrogen  Activity 

Two  fundamental  criticisms  of  the  alkaline  permanganate 
method  have  been  made.  It  has  been  stated  that  results- 
cannot  be  accurately  duphcated  because  of  the  terminal 
conditions  wliich  deal  with  an  incomplete  reaction  progress- 
mg  with  considerable  rapidity  and  necessitating  a  control 
of  conditions  not  ordinarily  possible.  It  has  also  been  shown 
that  with  substances  which  decolorize  the  reagent  the  results 
obtained  are  due  to  quite  different  causes  than  those  secured 
with  materials  which  do  not  decolorize  the  permanganate 
solution.  The  writers  have  stated  in  a  pre^^ous  paper^ 
that  the  former  criticism  was  of  greater  theoretical  than 
practical  importance.  It  does,  however,  become  significant, 
as  was  stated  in  a  later  paper,*  in  cases  where,  because  of 
foaming,  the  duration  of  the  digestion  and  distillation  is 
protracted  beyond  the  specified  90  minutes.  The  curves 
herewith  presented  substantiate  these  statements. 

5  J.  Assoc.  Official  Agr.  Chem.,  S,  448  (1922). 
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The  total  quantity  of  ammonia  produced,  which  is  a  meas- 
ure of  the  activity  of  the  materials  under  consideration,  is 
the  sum  of  two  factors:  (1)  that  formed  during  the  prelim- 
inary digestion  or  "solution"  period,  and  (2)  that  formed 
during  the  measured  digestion  and  distillation  periods. 
The  former  constitutes  most  of  the  ammonia  in  the  first 
tube  removed,  while  the  latter  is,  of  course,  the  rest  of  the 
ammonia  collected  in  the  other  eleven  tubes.  The  ammonia 
fraction  may  be  further  subdivided  into  that  which  is  lib- 
erated by  the  alkali  alone  and  that  set  free  by  the  perman- 
ganate. With  the  exception  of  the  "base  goods"  the  values 
for  the  first  portion  vary  between  5  and  12  per  cent  of  the 
total  nitrogen.  The  "base  goods"  showed  25  per  cent 
ammonia  in  the  first  sample  taken  in  the  alkali  digestion. 
This  material  was  composed  of  garbage,  beet  slop,  and 
leather,  and  had  been  mixed  in  the  usual  way  with  rock 
phosphate  and  sulfuric  acid  and  allowed  to  stand  in  a  den. 
The  nature  of  the  resulting  product  is  problematical.  Had 
the  organic  nitrogen  been  anunonified,  it  would,  of  course, 
have  been  washed  out,  as  only  the  water-insoluble  portion 
was  used  for  this  work.  It  is  hard  to  conceive  of  a  degradation 
product  which  would  be  so  readily  ammonified  as  this  is. 
With  this  exception  the  initial  ammonia  contents  show  noth- 
ing of  interest  or  importance. 

The  quantities  of  ammonia  produced  up  to  the  taking  of 
the  first  sample  are  given  in  Column  4  of  Table  I.  Column 
5  shows  the  ammonia  produced  during  the  remainder  of 
the  digestion  and  distillation.  It  is  a  rather  interesting  fact 
that,  by  bringing  the  temperature  up  to  the  digestion  point 
during  15  minutes  and  holding  it  there  for  5  minutes,  results 
are  obtained  which,  with  few  exceptions,  have  the  same 
relative  magnitudes  as  those  obtained  by  the  official  method, 
which  requires  90  minutes  to  carry  out.  Many  analysts 
assume  that  materials  having  50  per  cent  or  more  of  this 


insoluble  nitrogen  in  the  active  form  are  made  from  base 
goods  of  satisfactory  quality.  If  a  passing  value  of  30  per 
cent,  instead  of  50  per  cent,  were  used,  all  the  materials 
would  pass  by  about  the  same  margins  that  they  do  in  the 
present  official  method. 


Table    I — Action    of 

Permanganate    on 
Compounds 

Organic 

Nitrogenous 

Materiai. 
Casein 
Dried  blood 

Cl)« 
74.35 
68.70 

(2) 
82.35 
70.00 

(3) 
70., 59 
64.70 

(4) 
46.58 
46.84 

(5) 
35.77 
23.16 

Glue  hair 

(       Full 
\      Half 

67.45 
66.66 

62.25 
72.00 

55.78 
62.35 

43.93 
39.94 

18.32 
32.06 

Chrome  uppers 

64.35 

68.47 

61.10 

42.18 

25.29 

Cottonseed  mea 

(       Full 
(      Half 

52.60 
66.08 

56.95 
62.10 

42.30 
52.18 

32.27 
36.50 

24.68 
25.60 

Garbage  tank 

[    I.  full 
I,  half 

■  n,  fuu 

In,  half 

28.38 
45.60 

33.47 
47.15 
25.10 
42.86 

29.19 
42.58 
23.31 
38.80 

17.28 
22.08 
16.40 
24.91 

Tartar  pomace 

(        Full 
i       Half 

33.79 
42.06 

34.24 
46.69 

29.76 
38.48 

14.43 
26.40 

Tobacco  stem 

(        Full 
(       Half 

22.68 
34.36 

25.09 
31.41 

20.08 
27.70 

16.35 
19.75 

Base  goods,  I 

(       Full 
{       Half 

32.28 
52.64 

4i'38 

°(1)  Active 

(2)  Active 

(3)  .Active 

(4)  Ammot 

nsoluble  n 
nsoluble  n 
nsoluble  n 
ia    formed 

trogen,  official  method, 
trogen,  step  method, 
trogen.  at  60  minutes, 
during    preliminary    digestio 

1    plus    a 

mmonia 

(5)  Ammonia  formed  after  pre 

iminary  digestion. 

The  influence  of  the  initial  ammonification  is  especially 
noticeable  in  the  cases  of  the  distinctly  low-grade  materials, 
garbage  tankage,  tartar  pomace,  and  tobacco  stems.  Al- 
though both  the  slopes  of  the  curves  and  the  amounts  of 
ammonia  produced  during  the  solution  period  are  less  than 
those  in  the  high  or  medium  grade,  it  is  the  initial  ammonifi- 
cation factor  that  determines  the  final  value.  The  impor- 
tance of  this  will  be  taken  up  later. 

The  last  column  shows  the  ammonia  liberated  during 
the  regular  digestion  and  distillation  periods  less  the  first 


/ 


1       Garfaqe  TanHaqe  U 
I    t^Full  Sample  *=  Half  Sample 
(NH}  onlij) 

10      20      30      40      SO      60      70 
Fig.  10 


I    1 

Colorlesi4^^ 

^      r 

T 

/ 

^        Tartar  Pomace 
J       ofullSamplex'HalfSMpk 
\^X          (tlHjOnlyl 

20       30      40       SO       60      10 
Fio.  11 


Tobacco  Stem 
o "  Full  Sample  x = Half  Sample 
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20       30      40      SO       60        70 

Fig.  12 
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5  minutes  included  in  the  first  sample  taken.  A  compari- 
son of  these  values  \\-itli  those  in  the  preceding  column  shows 
that  by  far  the  larger  part  of  the  ammonia  is  produced  prior 
to  the  true  digestion  and  distillation. 

Assuming  that  the  rate  of  reaction  decreases,  the  evolution 
of  ammonia  should  be  rather  slow  by  the  time  the  distillation 
is  completed,  since  the  greater  part  is  given  off  prior  to  its 
commencement.  An  inspection  of  the  curves  shows  this  to 
be  true,  their  direction  sharplj^  approaching   the   vertical 

with  the  comiBence- 
ment  of  s  a  m  p  li  n  g. 
80  There  are  some  differ- 
ences in  the  rates,  casein 
and  the  half  sample  of 
gc  glue  hair  showing  a 
somewhat  more  rapid 
evolution  of  ammonia 
than  the  others 
throughout  the  course 
of  the  reaction.  The 
differences  in  the  slopes 
of  the  curv^es  at  the 
end  of  the  distillation 
indicate  the  i  m  p  o  r  - 
.^     .'0     20    30     40    50    bo     lo  ^^^^^  ^f  ^.j^g  griticism 

Fig.  13  •        i  *■         j 

previously  mentioned 
— i.  e.,  that  at  the  end  of  the  process  the  reaction  is  stiU 
progressing  so  rapidly  that  accurate  results  are  not  ob- 
tainable. In  the  cases  of  casein,  both  samples  of  cotton- 
seed meal,  and  to  a  lesser  extent  the  half  sample  of  glue  hair, 
the  curves  stUl  de\aate  from  the  vertical  axis,  indicating  that 
ammonia  is  still  being  gjven  off  rather  rapidly  (from  3  to  7 
per  cent  during  the  last  10  minutes) ;  while  in  the  other  cases 
the  curves  practically  coincide  with  the  vertical   axis,   in- 


Table  II— 

-Per  cent  o 

p  Active  Insoluble  Nitrogen  as  Determined  b 

THE  OFFICIAI,  and 

Modified  Methods 

Official 

Modified 

Official 

Modified 

Sample 

Method 

Method 

Sample 

Method 

Method 

1 

1.08 

1.05 

144 

1.26 

1.31 

146 

0.42 

0.47 

148 

0.46 

0.46 

150 

0.20 

0.21 

153 

0.54 

0.61 

162 

0.51 

0.53     • 

169 

0.42 

0  39 

172 

0.30 

0.33 

182 

0.22 

0.23 

208 

0.93 

1.02 

388 

0.11 

0.12 

389 

0.18 

0.19 

396 

0.42 

0.44 

404 

0.30 

0.32 

412 

0.38 

0.40 

415 

0.13 

0.14 

417 

0.81 

0.77 

419 

0.22 

0.23 

420 

0.19 

0.19 

425 

0.20 

0.20 

455 

0.62 

0.64 

465 

0.48 

0.55 

476 

0.61 

0.64 

478 

0.23 

0.24 

480 

0.35 

0.37 

481 

0.36 

0.37 

483 

0.27 

0.29 

487 

0.14 

0.16 

495 

0.40 

0.42 

500 

0.43 

0.45 

501 

0.67 

0.69 

502 

0.28 

0.29 

505 

0.18 

0.20 

508 

0.17 

0.17 

512 

0.40 

0.43 

515 

0.52 

0.45 

523 

0.39 

0.42 

712 

0.17 

0.18 

716 

0.57 

0.58 

717 

0.19 

0.20 

721A 

0.24 

0.22 

721B 

0.41 

0  42 

723 

0.19 

0.19 

725 

0.28 

0.29 

726 

0.13 

0.14 

728 

0.49 

0.48 

730 

0.48 

0.49 

731 

0.31 

0.30 

24860 

3.42 

3.18 

24862 

3.46 

3.42 

5-22-1 

0.47 

0.47 

15 

3.30 

3.38 

U 

2.93 

2.82 

3577 

1.23 

1.24 

2-1-2 

0.52 

0.56 

2-12-2 

0.93 

0.93 

3-10-4 

1.38 

1.36 

4-8-8 

2.36 

2.25 

1-5-10 

CIS 

0.21 

18 

0.51 

0.60 

.5-21-15 

3  90 

4.45 

2-21-46 

3.94 

4.02 

4213 

0,28 

0.29 

6-21-2 

3.06 

3  41 

11-21-1 

4.52 

5.10 

11-21-7 

2.19 

2.13 

11-21-S 

0.47 

0.52 

Peat  I 

1.07 

1.11 

Peat  II 

0.62 

0  65 

Peat  III 

0.85 

0.76 

2-1-2 

0.57 

0.60 

1-8-5 

0.79 

0.82 

dicating  that  less  than  1  per  cent  of  the  nitrogen  is  being 
converted  into  ammonia  during  the  last  10  minutes.  In 
some  cases,  therefore,  the  reaction  e\'idently  has  approached 
completion  and  little  care  need  be  exercised  in  accurately 
controlling  the  final  conditions.  In  others,  however,  this 
is  not  true. 

Most  of  the  curves  reflect  the  increase  in  temperature 
with  the  commencement  of  the  distillation,  but  are  fairly 


straight  above  and  below  this  point.  The  most  noticeable 
exception  is  the  sharp  break  in  the  curve  for  the  full  sample 
of  cottonseed  meal,  due  probably  to  the  increase  in  the  con- 
centration of  the  reagents  during  the  last  20  minutes  of  the 
distillation. 

To  the  second  factor — viz.,  a  deficiency  in  permanganate 
— Jones'  ascribed  the  anomalous  results  with  cottonseed 
meal.  He  also  showed  that  the  admixtures  of  reducing  sub- 
stances with  dried  blood  lowered  the  acti\'ity  of  this  material 
as  estimated  by  the  alkaline  permanganate  method.  This 
is  corroborated  by  the  authors'  work.  Fig.  2  shows  the  re- 
sult of  mixing  starch  with  dried  blood.  These  curves  were 
obtained  as  follows;  Dried  blood  and  starch  were  mixed  in 
such  proportions  that  the  dried  blood  composed  100,  80,  60, 
40,  and  20  per  cent  of  the  mixture.  These  materials  were 
then  handled  in  the  usual  manner,  the  samples  being  weighed 
out  on  the  basis  of  the  insoluble  nitrogen  content.  In- 
creasing proportions  of  starch  cause  corresponding  decreases 
in  the  acti\ity  of  the  dried  blood  until  the  amoimt  of  nitrogen 
ammonified  is  reduced  from  60  to  20  per  cent.' 

Attention  has  been  called  to  the  fact  that  most  of  the 
ammonia  is  produced  during  the  early  stage  of  the  digestion, 
and  it  has  been  pointed  out  that  the  sequence  of  materials 
when  arranged  in  order  of  the  percentages  of  nitrogen  am- 
monified is  the  same  whether  based  on  the  ammonia  formed 
during  the  first  20  minutes  or  on  the  whole  period  of  reaction. 
This  suggested  the  possibUity  of  modifjing  the  present  al- 
kaline method  so  as  to  reduce  the  time  and  attention  re- 
quired. In  previous  attempts  to  accomphsh  this,  stress  was 
laid  on  the  relative  amounts  of  sample  and  reagent  in  try- 
ing to  remedy  the  above-mentioned  defects  in  the  method. 
The  following  suggested 
modification  does  not 
do  this.  The  results  by 
it  are  no  more  reliable 
than  those  obtained  by 
the  official  procedure 
and  whatever  can  be 
said  m  this  respect  for 
or  against  the  one  can 
be  likewise  said  of  the 
other.  However,  the 
results  by  the  modified 
method  appear  to  be 
just  as  valuable  as  those 
with  the  present  official 
method,  and  they  are 
obtained  with  consider- 
able economj'   of  time 

and  trouble.  After  several  trials  the  following  procedure 
has  been  selected  as  giving  results  comparable  to  those  ob- 
tained by  the  official  method: 

A  sample  containing  50  mg,  water-soluble  nitrogen  as  deter- 
mined by  the  official  method  is  weighed  into  a  500-cc.  Kjeldahl 
flask,  the  prescribed  amount  of  alkaline  permanganate  solution 
added,  and  the  flask  connected  with  a  condenser.  A  small 
flame  under  the  flask  is  regulated  so  that  about  100  cc.  of  dis- 
tillate passes  over  in  45  min.  The  distillate  is  caught  in  stand- 
ard acid  and  at  the  end  of  this  time  the  excess  i.s  titrated.  If 
the  solution  tends  to  foam  a  few  drops  of  octyl  alcohol  may  be 
added. 

By  this  procedure  the  actual  time  involved  is  reduced  to 
one-half  of  that  demanded  by  the  present  official  method. 
The  attention  required  is  also  reduced  since  the  process  is  a 
continuous  one  and  not  di\ided  into  two  parts.  This  method 
has  been  compared  with  the  official  one  on  seventy-three 
different  materials.  The  results  by  the  two  methods  check 
as  weD  as  do  duplicates  by  the  official  method.     (Table  II) 

•  Annual  Report.  Vermont  Agr.  Eipt.  Sta.,  1899,  p.  139. 
'  Work  done  by  A.  W.  Lowell. 
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Determination  of  Total  Sulfur  in  Soils  and  Silicate  Rocks' 

By  W.  M.  Shaw  and  W.  H.  Maclntire 

Agricultural  Experiment  Station,  University  op  Tennessee,  Knoxville,  Tenn. 


THE  determination  of 
sulfates  involves  a 
number  of  chemical 
considerations  which  have 
been  studied  in  particular 
by  Allen  and  Johnston,'-* 
Blumenthal  and  Guern- 
sey,' and  Hirst  and 
Greaves.^ 

Mucli  difficulty  has  been 
encountered     in      making 

speedy  and  accurate  determinations  of  total  sulfur  in  soils. 
At  its  1919  meeting  the  Association  of  Official  Agricultural 
Chemists  directed  the  junior  author,  as  Referee  for  SoUs, 
to  study  the  problem.  In  connection  with  that  study,'"'"''^ 
the  present  mode  of  procedure  was  developed. 

Most  soils  are  of  low  sulfur  content  and  large  charges  are 
necessary  to  insure  sufficient  analji^ical  quantities  of  barium 
sulfate.  Assurance  of  complete  combustion  and  absolute 
disintegration  of  the  mass  must  be  had.  When  these  two 
requirements  are  met  there  is  the  further  difficulty  of  insuring 
complete  removal  of  the  oxidized  sulfur  from  the  insoluble 
residue.  In  studying  methods  the  authors  endeavored  to 
secure  complete  oxidation  and  removal  of  sulfates  from  the 
insoluble  siUceous  residue  by  boOing  with  concentrated 
nitric  acid  and  filtering  through  a  10-cm.  Biichner,  the  use 
of  which  facilitated  washing  of  a  thin  layer  of  soil.  No 
assurance  was  obtained  that  complete  oxidation  of  native 
sulfur  materials  was  effected.  It  was  also  found  by  tlie 
authors  and  their  collaborators'^  that  with  longer  periods  of 
boUing  of  soil  with  nitric  acid  and  subsequent  replacement 
of  nitric  acid  by  hydrochloric  acid,  lower  sulfate  recoveries 
were  obtained.  It  appeared  that  this  inverse  relationship 
of  time  to  recovery  was  due,  in  part  at  least,  to  the  inter- 
ference of  barium.  The  common  occurrence  of  barium  in 
soils  was  shown  by  Failyer.''  It  is  obvious  that  this  element 
win  be  dissolved  by  hydrocliloric  acid  ex-tractions  of  the 
melts  secured  by  the  several  fusion  methods. 

The  presence  of  iron  and  aluminium  in  hydrochloric  acid 
solution  has  been  considered  detrimental  to  the  accuracy 
of  barium  sulfate  determinations.  Williams"  showed  that 
sulfate  determinations  in  soils  were  consistently  higher  if 
the  iron  was  removed  by  ammoniacal  precipitation.  It  is  not 
clear,  however,  whether  the  higher  results  obtained  from  the 
ammoniacal  eliminations  by  WiUiams  are  due  to  (a)  pre- 
vention of  the  solvent  action  of  ferric  and  aluminium  chloride, 
(6)  obviating  the  loss  of  sulfate  from  a  double  iron  barium 
sulfate — a  point  advanced  also  by  Talbot,"  or  (c)  to  sulfate 
impurities  in  the  ammonia.  No  mention  was  made  by 
Williams  of  blanks  upon  ammonia.  The  writers  have  found 
that  the  amoimt  of  ammonia  used  must  be  definite  and 
corrected  for,  even  with  the  best  high-grade  chemical.  Mac- 
lntire and  Shaw'-  have  further  pointed  out  that  precipitation 
of  barium  sulfate  from  solutions  of  equal  ferric  chloride 
content  is  influenced  by  concentration  and  by  temperature. 
It  was  shown  further  that,  after  applying  empirical  blanks, 
three  ammoniacal  precipitations  are  necessary  to  prevent 

'  Received  August  20,  1923. 

*  Numbers  in  text  refer  to  bibliography  at  end  of  article. 


A  rapid  and  efficient  method  is  offered  for  the  determination  of 
total  sulfur  in  large  charges  of  soils  by  fusion  at  a  relatively  low 
temperature  and  without  use  of  platinum.  Complete  oxidation 
and  absolute  disintegration  is  assured.  Aqueous  extraction  and 
filtration  of  the  melt  insures  removal  of  aluminium,  iron,  man- 
ganese, and  alkali  earths,  and  eliminates  any  interference  of  native 
barium  which  vitiates  results  obtained  by  the  generally  followed 
hydrochloric  acid  extraction.  Necessity  for  silica  dehydration  is 
obviated  and  a  minimum  of  potassium  salts  is  insured. 


occlusion  of  sulfate  in  the 
hydrated  ferric  oxide. 

Hart  and  Peterson^  com- 
pared the  official  (Hilgard), 
modified  Van  Bemmelen 
aqua  regia,  and  Osborne  so- 
dium peroxide  methods. 
They  concluded  that  the 
latter  was  superior,  even 
without  elimination  of  fer- 
ric and  aluminium  chlorides 
and  silica  from  solution  prior  to  precipitation  of  barium 
sulfate.  The  Osborne'''  method,  apphed  to  soUs,  calls  for 
the  solution  of  the  sodium  hydroxide-peroxide  melt  with 
hydrochloric  acid,  and  addition  of  an  indefinite  amount  of 
ammonia  to  neutrality.  The  original  Fraps^  method  using 
potassium  nitrate  ignition  after  a  prehminary  digestion  with 
nitric  acid,  and  its  subsequent  modification'  calhng  for 
calcium  nitrate  instead  of  potassium  nitrate  when  applied 
to  soUs,  both  called  for  hydrochloric  acid  solution  of  ignited 
residue.  Hart  and  Peterson'^  made  a  hydrochloric  acid 
solution  of  the  peroxide  melt  without  elimination  of  iron 
and  at  a  volume  sufficient  to  inhibit  precipitation  of  silica. 
Shedd'*  also  obtained  a  strong  hydrochloric  acid  solution  of  the 
peroxide  melt,  leaving  iron  and  silica  in  the  solution  and 
guarding  against  inclusion  of  sihca  in  the  barium  sulfate 
by  hydrofluoric  plus  sulfuric  acid  ignition.  In  the  A.  0.  A.  C. 
official  method^  the  1-gram  soU-charge  fusion  with  5  grams 
of  sodium  carbonate  is  extracted  -with  hydrocliloric  acid  and 
made  to  volume,  0.2  or  0.4-gram  equivalent  aliquots  being 
used  for  the  determination  of  barium  sulfate.  In  using  magne- 
sium nitrate  to  effect  oxidation,  Swanson  and  Latshaw'^  made 
a  hydrochloric  acid  solution  of  the  pulverized,  ignited  residue. 
In  all  the  foregoing  it  will  be  observed  that  the  melt  was 
dissolved  in  hydrochloric  acid.  This  the  authors  believe  to 
be  a  serious  disadvantage,  if  not  an  error,  for  several  reasons: 
first,  the  excess  of  acid  necessary  to  effect  solution  is  stronger 
than  permissible  for  the  precipitation  of  barium  sulfate; 
secondly,  native  barium  and  strontium  present  as  carbonates 
are  dissolved  and  during  the  prescribed  digestion  some 
barium  sulfate  is  occluded  in  the  acid-insoluble  portion  of 
the  melt;  thirdly,  the  interfering  elements  iron,  aluminium, 
and  possibly  manganese  are  dissolved;  and  fourthly,  the 
alkali  and  alkali-earth  silicates  are  dissolved  and  ma.ximum 
silica  content  is  carried  by  the  hydrocliloric  acid  solution. 
In  the  procedure  advanced  by  the  writers,  the  melt  is 
disintegrated  by  aqueous  digestion  and  filtered  before 
acidifying.  By  this  process  all  iron,  barium,  and  some 
aluminium  are  retained  as  sUicates  or  carbonates  in  the 
water-insoluble  residue,  while  much  of  the  silica  is  ehmmated 
as  silicates. 

In  only  the  Hillebrand'  method,  where  potassium  nitrate 
is  used,  does  it  appear  that  the  melt  is  dissolved  in  water 
and  filtered  from  alkaline  solution.  Practically  the  identical 
technic  used  by  Hillebrand  has  been  advanced  recently 
by  Thomas,"  and  by  Mahin  and  Carr.'^  In  the  present 
method  the  minimum  of  undesirable  potassium  salts  is  in- 
sured and  the  advantageous  features  of  several  different 
procedures  have  been  incorporated. 
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Procedure 

The  instructions  and  notes  sent  out  to  A.  0.  A.  C.  col- 
laborators are  here  given. 

Prepar.\tion-  of  Mixture — Place  a  5  to  10-gram  charge 
of  O.o-nun.  fineness  into  a  100-cc.  nickel  crucible;  add  equal 
weight  of  C.  P.  anhydrous  sodium  carbonate,  and  mix  well 
with  a  stout  nickel  stirring  rod  of  such  length  as  to  permit 
introduction  into  the  furnace  to  be  used  in  the  fusion. 
Pipet  carefully  4  cc.  of  water  into  each  10  grams  of  soil;  stir 
well  to  a  stiff  paste,  adding  more  water  if  necessary,  a  few 
drops  at  a  time.  Inmiediately  add  successive  portions  of 
about  1  gram  of  sulfur-free  sodium  pero.xide,  stirrmg  well 
after  each  addition  to  ob\-iate  excessive  frothing  and  overflow. 
Continue  to  add  peroxide  until  the  mixture  becomes  dry 
and  granular,  and  then  add,  as  a  surface  coating,  enough  to 
make  the  total  peroxide  addition  25  grams  per  each  10  grams 
of  soil.     Place  the  mixture  in  an  electric  furnace. 

Fusion  of  Mixture — Maintain  a  temperature  of  between 
400°  and  500°  C.  during  the  first  half  hour,  then  raise  the 
temperature  rapidlj'  to  bright  red  heat  (about  900°  C.)  and 
continue  the  fusion  at  this  temperature  for  about  10  minutes. 
Withdraw  the  crucible  from  the  muffle  quickly,  manipulate 
so  as  to  cause  the  melt  to  spread  out  in  a  thin  sheet  over 
the  interior  of  the  crucible,  and  cool  rapidly  by  contact  with 
some  good  conductor  in  cool  atmosphere. 

DisixTEGRATiox  of  ]Melt — Placc  the  chUled  crucible 
sideways  in  600-cc.  beaker;  immerse  in  distilled  water.  Add 
about  5  cc.  of  ethyl  alcohol  to  decompose  sodium  manganate. 
Cover  beaker  with  watch  glass,  place  on  a  cold  electric  hot 
plate,  and  apply  heat.  Boil  briskly  until  all  the  melt  is 
disintegrated  (30  minutes  are  orthnarily  sufiicient).  When 
the  suspension  has  assumed  a  flesh-colored,  flocculent  appear- 
ance, with  no  glassy  green  lumps  of  the  melt  in  the  interior 
of  the  crucible,  remove  the  crucible  and  rod  from  the  beaker 
and  wash  any  flaky  particles  back  into  beaker  ■nith  the  aid 
of  a  policeman,  rinsing  several  times  with  hot  water.  (Should 
small  glassy  particles  still  cUng  to  the  inside  of  the  crucible, 
disintegrate  by  boiling  water  in  the  crucible  over  the  hot 
plate  or  a  small  flame  and  add  crucible  content  to  main  vol- 
ume.) Filter  immecUateh-  bj-  suction  tlirough  a  9-cm. 
Biiclmer — a  liter  beaker  placed  under  a  bell  jar  being  the 
most  convenient  arrangement. 

FiLTR.\TiON  AND  WASHING — When  no  more  of  the  liquid 
can  be  drawn  through  the  filter,  return  residue  together  with 
the  filter  paper  to  the  original  beaker,  washing  any  adhering 
particles  carefully  from  the  fimnel.  Add  about  1  gram  of 
sodium  carbonate,  macerate  with  the  stirring  rod,  add  75  to 
100  cc.  of  water,  and  bring  to  a  brisk  boil  while  stirring  vigor- 
ously. Again  tlu'ow  on  to  a  Biichner  filter,  suck  nearly  dry 
and  wash  three  or  four  times,  with  about  20  cc.  of  hot  water, 
to  a  volume  of  500  cc,  or  700  cc,  for  the  5  and  10-gram  charges, 
respectively. 

ACIDUL.VTION  OF  Filtrate  ant)  Dehydr.\tion  of  Silica^ 
Cover  the  beaker  containing  the  filtrate  with  a  watch  glass 
and  (important)  place  a  supported  fumiel  with  its  stem  bent 
so  it  just  reaches  into  the  lip  of  the  beaker.  Through  the 
funnel  pour  gradually  about  80  cc.  of  concentrated  hydro- 
chloric acid  per  each  10-gram  charge  of  soil,  taking  care  that 
the  acid  runs  down  the  side  of  the  beaker.  Slightly  lift 
the  cover  glass  and  gently  stir  with  a  stirring  rod,  watching 
for  strong  effervescence.  If  effervescence  does  not  ensue, 
add  more  acid  immediately  until  effervescence  occurs.  // 
the  filtrate  remains  dear  when  concentrated  to  a  volume  of 
400  cc,  the  barium  sulfate  precipitation  may  be  effected 
immediately  by  the  addition  of  laarium  chloride  solution, 
with  the  sflica  remaining  in  solution.' 


However;  to  cover  all  cases,  proceed  as  foUows:  Transfer 
acidulated  filtrate  to  a  shallow  porcelain  evaporating  dish 
of  1000-cc.  capacity  as  soon  as  efTervescence  has  ceased. 
Place  the  dish  1  to  2  inches  above  an  electric  hot  plate  at  full 
heat.  When  crystallization  begins,  raise  the  dish  about 
3  inches  from  the  hot  plate.  Permit  evaporation  and  dehy- 
drate without  stirring,  breaking  the  surface  crust  occasionally 
to  expedite  evaporation. 

Precipitation  of  B.vrium  Sulfate — To  the  dehydrated 
mass  add  0.5  cc.  hydrochloric  acid  and  200  cc.  water.  Dis- 
solve the  salts  completely  by  warming.  Filter  off  the  siUca 
on  a  Hirsch  funnel  using  Xo.  2  Whatman  filter,  or  paper  of 
equivalent  texture.  Wash  six  times  with  hot  water  to  a 
volume  of  about  400  cc  Heat  the  filtrate,  add  slowly  10  cc. 
of  5  per  cent  barium  chloride  solution,  and  allow  to  stand 
over  night.  Filter  barium  sulfate  on  a  Gooch  asbestos 
filter,  ignite  in  an  electric  furnace  (or  place  Gooch  in  a  porce- 
lain crucible  over  a  burner  flame),  cool,  and  weigh. 

Notes  and  Suggestions 

Fusion  Mixture — Sodium  carbonate  serves  both  to  moderate 
the  speed  of  the  oxidative  process  and  to  eliminate  barium  as 
barium  carbonate  in  the  first  extraction.  Optimum  proportions 
of  charge  and  sodium  carbonate  have  been  determined  empirically 
by  means  of  charges  of  pure  quartz.  The  addition  of  sodium 
peroxide  should  be  so  regulated  as  to  permit  the  comfortable 
handling  of  the  crucible  with  the  fingers,  which  will  obviate 
excessive  frothing  and  loss  from  overflow.  Time  is  conserved 
by  the  simultaneous  mixing  of  a  number  of  charges.  Should 
solidification  of  the  mixture  occur  at  any  time  during  the  mixing 
process,  it  may  be  reverted  to  the  pasty  consistency  by  immer- 
sion of  crucible  into  hot  water  for  a  few  minutes. 

Fusion  op  Mixtutie — Speed  is  insured  by  the  use  of  a  large 
electric  furnace,  but  any  sulfur-free  heat  may  be  utilized.  It  is 
important  that  the  specified  temperature  be  not  exceeded  until 
the  preliminary  oxidation  process  has  been  insured,  after  which 
complete  disintegration  should  be  effected  at  a  higher  temperature. 
The  formation  of  a  thin  layer  of  the  melt  and  its  rapid  crystal- 
lization on  the  interior  of  the  crucible  are  essential  to  maximum 
efficiency. 

Disintegration  of  Melt — The  melt  is  usually  completely 
disintegrated  by  the  procedure  outlined.  Aqueous  digestion 
over  night  offers  no  advantage.  Furthermore,  the  successful 
use  of  the  hot  plate  is  conditioned  upon  the  fact  that  the  dis- 
integration is  started  with  a  clear  liquid  in  the  beaker  and  with 
all  the  melt  contained  in  the  crucible.  The  presence  of  suspended 
material  in  the  beaker  at  the  beginning  w  ill  make  the  use  of  the 
hot  plate  impossible  on  account  of  severe  bumping,  and  a  steam 
bath  or  water  bath  will  have  to  be  employed  with  a  consequent 
delay  of  2  or  3  hours  in  the  process.  The  disintegration  is  com- 
pleted by  the  action  of  the  boiling  water  alone  without  any  other 
mechanical  agitation. 

Filtration  and  Washing — The  filtration  of  the  alkaline 
aqueous  extract  removes  iron,  manganese,  a  good  portion  of 
the  aluminium,  all  the  barium,  and  earthy  bases — mostly  in  the 
form  of  carbonates  and  silicates. 

ACmULATIO.N  OF  FiLTRATE  AND  DEHYDRATION  OF  SiLICA — The 

covering  of  the  beaker  and  addition  of  acid  as  directed,  rather 
than  pouring  in  and  stirring  with  a  rod,  is  most  important.  Oflfn 
no  silica  precipitation  takes  place,  particularly  if  the  solution  is 
left  to  come  to  room  temperature  prior  to  addition  of  acid, 
even  after  subsequent  concentration  to  a  volume  far  below  that 
from  which  the  barium  sulfate  precipitation  is  made.  By  this 
procedure  the  dehydration  process  is  also  greatly  facilitated 
and  expedited.  The  silica  usually  comes  out  as  coarse  crystals 
after  some  sodium  chloride  has  crystallized  and  the  full  evapora- 
tion and  dehydration  is  accomplished  in  about  4  hours.  The 
use  of  inverted  tripods  on  the  hot  plate  affords  a  very  convenient 
means  of  adjusting  the  distances  for  the  evaporation  and  de- 
hydration of  the  silicic  acid. 

Barium  chloride  additions  show  no  detrimental  effect  upon 
sulfate  recoveries  and  sulfates  added  to  the  melt  as  barium 
sulfate  are  completely  recovered. 

Experimental 

Since  a  perfectly  clear  melt  is  obtained  by  the  fusion  tech- 
nic,  it  is  apparent  that  complete  disintegration  of  the  soil 
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Table  I — Effect  of  Soluble  and  Insoluble  Sulfate  Additions  to  Soils  upon  the  Sulfate  Recovery  Obtained  by  the  Proposed  Method 


Weight  of 
Sample 
G. 
5 
10 
5 
S 

BaS04  Equiv 
Addition  : 
FeSO. 

G. 
None 
0.1851 
None 
0.0755 
None 

'alent  of 

BaS04 

G. 
None 
None 
None 
None 
0.1000 

A 

G. 
0.0115 
0.2101 
0.0224 
0 .  09.80 
0.1217 

-BaSOi  Determined- 
B 
G. 

0.0125 
0.2085 
0.0223 
0.0992 
0.1225 

Recovery  of  BaSO*  Equiv- 
alent of  Sulfate  Addition 
Actual                  Variation 
G.                             G. 

0.1853                      6.6662 

0  6763                      6! 6668 
0.0998                  -0.0002 

Soil, 
Tennessee  4893 
Tennessee  4893 
Kansas  1 
Kansas  1 
Kansas  1 

Average 

G. 
0.0120 
0.2093 
0.0223 
0.0086 
0.1221 

mass  is  assured.  It  is  next  essential  (1)  that  complete  re- 
moval of  sulfate  be  secured,  and  (2)  that  barium,  and  possibly 
strontium,  exert  no  interference  in  the  removal  of  sulfates 
formed  during  the  oxidative  and  disintegrative  reactions  util- 
ized in  obtaining  a  perfect  melt.  Since  all  barium  and 
strontium  are  converted  into  carbonate  form  and  a  large 
excess  of  carbonate  is  present  in  the  aqueous  solution  of  the 
melt,  those  elements  may  be  considered  as  eliminated  as  sili- 
cates along  with  iron  and  aluminium  by  the  proposed  pro- 
cedure. To  assure  attainment  of  these  two  essentials,  two 
soils,  one  from  Tennessee  and  one  from  Kansas,  were  fortified 
with  soluble  and  insoluble  sulfates.  The  use  of  barium 
sulfate  for  the  latter  purpose  provides  both  an  insoluble 
sulfate  and  the  presence  of  the  interfering  element  barium. 
Full  recoveries  of  both  added  soluble  and  insoluble  sulfates 
are  shown  by  the  data  of  Table  I,  which  gives  the  differences 
between  the  two  soils  before  and  after  fortification. 

The  further  fact  that  the  presence  of  either  soluble  or 
insoluble  barium  in  the  soil  before  sodium  carbonate-peroxide 
fusion  is  of  no  effect  upon  the  recovery  of  sulfate,  is  also  shown 
by  the  data  of  Table  II. 

Table  II — Effect  of  Soluble  and  Insoluble  Barium  Additions  to 
Soil  upon  Sulfate  Recovery  by  the  Proposed  Methodo 

Variation  in  BaSO. 
Equivalent 
Recovery  as  In- 
BaSOi  Determined fluenced  by  Ba- 


0.0224 
0.0230 
0.1217 


0.0222 
0.0211 
0.1225 


0 .  0223 
0.0221 
0.1221 


a  A  5-gram  sample  of  Kansas  1  soil  was  used  ii 
i  BaCU  and  BaSOi  additions  may  be  considered  i 

and  BaC03  plus  NaiSO.,  since  the  NajCOa-NaiOj  fusi< 

to  the  carbonate  form  in  the  melt. 


The  removal  of  iron  and  aluminium  in  granular  form  by 
an  aqueous  extraction  and  filtration  of  the  melt  is  very  de- 
sirable. The  primary  consideration  in  mind,  however,  was 
that  of  elimination  of  the  barium,  for  the  hydrochloric  acid 
solution  of  the  melt  brings  into  play  the  undesirable  pre- 
liminary reaction   of  soluble   barium   chloride  and   soluble 


itated  from  a  hydrochloric  acid  solution  of  the  melt,  without 
the  removal  of  silica  by  dehydration,  an  excess  of  acid  exerts 
a  solvent  action  upon  the  barium  sulfate  formed  after  the 
addition  of  the  barium  chloride  solution.  Again,  this  excess  of 
hydrochloric  acid  may  not  be  killed  off  by  ammonia,  because 
of  (1)  the  undesirability  of  ammonium  salts,  (2)  the  necessity 
for  an  absolute  blank  upon  the  amount  of  ammonia  used, 
and  (3)  the  necessity  for  sufficient  excess  of  acid  to  care  for 
the  dissolved  iron,  aluminium,  and  manganese.  As  stated 
previously,  the  aqueous  extract  has  additional  advantages 
over  the  acid  solution  of  the  melt.  The  insoluble  residue 
from  the  melt  not  only  removes  all  barium,  strontium,  iron, 
manganese,  and  phosphorus  pentoxide,  but  it  leaves  these 
elements  for  separate  determination.  In  addition,  it  takes 
from  solution  more  silica  than  does  the  acid  solution. 

The  recoveries  of  sulfate  by  aqueous  and  hydrochloric 
acid  extractions  for  soil  and  soil  fortified  with  barium  chloride 
and  barium  sulfate  are  shown  by  the  data  of  Table  III. 
It  is  apparent  that  the  recovery  of  sulfate  by  the  acid  ex- 
traction is  consistently  lower  than  that  obtained  in  the  aque- 
ous alkaline  extraction.  It  is  also  apparent  that  a  constant 
of  sulfate  and  an  increase  in  barium  result  in  an  increased 
discrepancy  between  the  two  methods  of  extraction.  It  is 
still  further  emphasized  that,  with  high  sulfur  content,  sulfate 
unrecovered  by  the  acid  extraction  is  practically  equivalent 
to  the  amount  added.  But  in  the  aqueous  extraction  of  the 
fortified  soil  the  recovery  was  equivalent  to  the  amount  of 
insoluble  sulfate  added.  These  data  demonstrate  the  fallacy 
of  hydrochloric  acid  extraction  of  soil  melts;  this  point  has 
not  been  stressed  by  investigators,  so  far  as  the  writers  are 
aware.  The  data  of  this  table  afford  further  proof  that  nor- 
mal and  abnormal  occurrences  of  barium  are  of  no  effect 
in  hindering  sulfate  recovery  from  soil  melts. 

Variations  between  5  and  10-gram  charges  had  no  effect 
upon  the  accuracy  of  the  method.  In  comparisons  between 
these  two  charges  it  was  found  that  the  proportionate  re- 
coveries were  obtained  with  a  constant  ratio  of  soil  to  sodium 
carbonate-peroxide.  Comparisons  are  tlierefore  absolute 
when  the  results  from  the  more  feasible  5-gram  charges  of 


I— Comparison 

'  "nrv.E,: 

:n  Aqueous  an 

d  Hydrochloric  Acid  Solutions  of  Melts  of  Soil 
Barium  Sulfate 

AND  Soil  Forti 

PIED  WITI 

I  Barium  Chloride  , 

T)    c/^    r\ 

BaSO,  Equiv 
Barium  Add 
BaCl; 
G. 

ralent  of 

ition  as 

BaSO. 

G. 

A 
G. 

Aq 

ueous  Alka 

Extraction 

B 

G 

line 

Average 
G. 

-HCI  Extraction- 
B 
G. 

Average 
G. 

Variation  between  A 
Extract  and  Aqueoi 
Alkaline  Extract 
G. 

Soil" 

A 
G. 

Kansas  4 
Kansas  5 
Kansas  6 

None 
None 
None 

None 
None 
None 

0.0182 
0.0180 
0.0130 

0.0200 
0.0185 
0.0124 

0.0191 
0.0183 
0.0127 

0.0154 
0  Q124 
0.0107 

0.0170 
0.0140 
0.0102 

0.0162 
0.0133 
0.0104 

-0.0029 
-0.0051 
-0.0023 

Kansas  1 
Kansas  1 
Kansas  1 

None 

0.0230 

None 

None 
None 
0.1000 

0  0224 
0.0211 
0.1225 

0.0222 
0.0230 
0.1217 

0,0223 
0.0221 
0.1221 

0'6i40 
0.0224 

0^6i30 
0.02S5 

0!6i35 
0.0254 

-^6 '6686 
-0.0967 

1  A  5-gran 


nple  used. 


sulfate.  With  increased  concentration  of  the  hydrochloric 
acid  solution  of  the  melt  this  reaction  between  native  barium 
and  sulfur  may  be  minimized  during  the  preliminary  digestion 
prior  to  filtration.  However,  if  the  hydrochloric  acid  extract 
is  evaporated  to  effect  removal  of  silica,  as  prescribed  in  most 
of  the  acid  extractions  of  melt,  still  further  opportunity  is 
afforded  for  barium  sulfate  precipitation  and  loss  along  with 
the  dehydrated  silica.     Or,  if  the  barium  sulfate  is  precip- 


soils  of  high  organic  matter  content  are  compared  with 
analyses  of  10-gram  charges  from  soils  of  low  organic  matter 
and  sulfur  content. 

References 

1— Allen,  J.  Am.  Chem.  Soc.  32,  588  (1910). 

2 — Assoc   Official  Agr.  Chem..  Methods,  1920,  p.  317. 

3 — Blumenthal    and  Guernsey,  Iowa    Expt.    Sta.,  Research   Bull.   26 


1186 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  11 


4— Failyer,  U.  S.  Deft.  Agr.,  Bur.  Soils,  Bull.  72. 

5— Fraps.  J.  Am.  Chem.  Soc.  24,  346  (1902). 

6 — Hart  and  Peterson,  Wisconsin  Agr.  Expt.  Sta.,  Research  Bull.  14, 
(1911); 

7— Hillebrand,  U.  S.  Ceol.  Sun<ey.  Bull.  232  (1919) 

8— Hirst  and  Greaves,  Soil  Science.  13,  231  (1922). 

9— Lomanitz,  Texas  Agr.  Expt.  Sta.,  Bull.  302  (1922). 
10 — Maclntire,  J.  Assoc.  Official  Agr.  Chem.,  6,  52  (1922). 
11— Maclntire,  Ibid.,  S,  405  (1922). 


12— Maclntire  and  Shaw,  Ibid..  6,  320  (1923). 

13 — Mahin  and  Carr,  "Quantitative  Analysis,"  1923,  p.  262.     McGraw 
Hill  Book  Co  ,  New  York. 

14— Osborne,  J.  Am.  Chem   Soc,  24,  142  (1902). 

15 — Shedd,  Kentucky  Agr.  Expt.  Sta  ,  Bull.  174,  278  (1913). 

16 — Swanson  and  Latshaw,  5oi7  Science,  16,  421  (1922). 

17 — Talbot,  "Quantitative  Chemical  Analysis,"  4th  ed.,  1902,  p.  33. 

18— Thomas,  Soil  Science,  IS,  7  (1923). 

19— Williams,  J.  Am.  Chem.  Soc.  24,  658  (1902). 


Determination  of  Dissolved  Oxygen  in  the  Presence  of 

Iron  Salts' 


By  A.  M.  Buswell  and  W.  U.  Gallaher 

St.\te  Water  Survey  DrvisioN,  Urbana,  III. 


A  reoiew  oj  the  liieralure  on  the  deterrrtinalion  of  dissolved  oxygen 
is  gioen.  The  modified  Winkler  method  is  shown  to  give  erroneous 
results  in  the  presence  of  iron  salts.  These  errors  cannot  be  corrected 
by  applying  a  factor  based  on  the  amount  of  iron  present.  The 
Letts  and  Blake  modification  of  the  Levy  method  is  found  to  give 
results  which  check  the  gasometric  determinations  in  the  presence 
of  iron  salts  and  organic  matter. 


THE  determination  of 
dissolved  oxj^gen  is 
undoubtedly  the 
most  frequently  used  and 
the  most  important  of  all 
the  chemical  methods 
available  for  the  investiga- 
tion of  water  pollution  prob- 
lems. It  measures  the  capac- 
ity of  a  body  of  water  for  receiving  organic  matter  without 
causing  nuisance;  it  measures  one  of  the  important  factors 
affecting  fish  hfe;  it  is  one  of  the  important  steps  in  the  biologi- 
cal oxygen  demand  test  for  measuring  the  important  portion 
of  the  oxidizable  substances  in  the  sample;  and  it  furnishes 
valuable  information  concerning  the  biological  and  bio- 
chemical reactions  going  on  in  the  stream.  Naturally,  a 
determination  of  such  importance  has  received  considerable 
attention  in  the  past — in  fact,  no  less  than  thirteen  distinct 
methods  have  been  proposed. 

To  be  successful,  a  method  for  determining  dissolved  oxj'gen 
must  meet  two  requirements.  First,  on  account  of  the  small 
amount  of  substance  to  be  determined  (a  few  milligrams  per 
liter),  it  must  be  exact;  second,  it  must  be  carried  out  in  com- 
pact, light  apparatus  capable  of  field  operation,  since  the 
samples  cannot  be  transported  wdthout  undergoing  chemical 
change. 

PRE^aors  Work 

The  method  least  subject  to  chemical  errors  and  probably  the 
first  to  be  proposed  is  that  of  Bunsen.''  *  In  this  method  the  gases 
are  boiled  out  either  under  atmospheric  pressures  or  diminished 
pressures  as  practiced  by  Adeney,=  Thresh, ^  and  others.'  The 
gas  collected  is  then  determined  by  ordinary  absorption  methods. 
It  is  too  cumbersome  for  tield  work  (although  Birge^  has  designed 
a  metal  apparatus  for  field  use)  and  requires  considerable  skill 
for  accurate  manipulation,  but  it  is  still  the  standard  by  which 
all  new  volumetric  or  colorimetric  methods  are  judged. 

Shutzenberger'  made  use  of  the  absorption  of  oxygen  by 
sodium  hyposulfite.  The  determination  was  made  in  a  current 
of  hydrogen  with  indigo  as  an  indicator.  The  hyposulfite  solu- 
tion was  standardized  against  an  ammoniacal  copper  sulfate 
solution.  Investigators  differed  on  the  reliability  of  this  method. 
It  was  claimed  that  hydrogen  pero.\ide  was  formed  during  the 
titration  and  the  results  were  said  to  be  too  low,  with  variations 
of  0.5  cc.  from  gasometric  methods. 

i\Iohr'  made  use  of  the  oxidation  of  ferrous  iron  to  ferric 
iron    by    the   dissolved   oxygen    in    an  alkaline  solution.     To 


1  Presented  before  the  Division  of  Water,  Sewage,  and  Sanitation  at 
the  65th  Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn., 
April  2  to  7,  1923. 

*  Numbers  in  the  text  refer  to  the  bibliography  at  end  of  the  article. 


one  of  duplicate  samples  he 
added  a  solution  of  standard 
ferrous  iron,  made  the  water 
alkaline      with      ammonium 
hydroxide  and  then  acid;  to 
the     other    he     added    acid 
immediately,  then   standard 
ferrous  solution,  and  titrated 
both    with     standard     per- 
manganate.    The    difference 
between  the  two  titrations  is 
proportional   to   the   amount  of  oxygen  in   the   water.     Some 
investigators  have  declared  that  this  method  gives  low  results, 
while  others  say  the  results  are  too  high. 

LevyS  modified  Mohr's  method  using  potassium  hydroxide 
and  a  bulb  with  a  stopcock  at  both  ends  and  a  funnel  at  one  end 
to  introduce  the  reagents.  Letts  and  Blake^  used  a  separatory 
funnel  and  sodium  carbonate  as  the  alkali. 

Thresh's'  method  consists  in  the  oxidation  of  hydriodic  acid 
by  the  oxygen  in  the  water  to  give  free  iodine.  This  is  done  in 
the  presence  of  nitrites,  which  by  forming  nitric  oxide  furnish 
a  carrier  for  the  oxygen.  A  blank  is  run  to  correct  for  the  ni- 
trite added  and  that  present  in  the  water.  The  released  iodine 
is  titrated  with  standard  thiosulfate  in  a  current  of  coal  gas  or 
under  a  layer  of  petroleum.  This  method  is  accurate  but  too 
cumbersome  for  field  use. 

Direct  titration  of  the  dissolved  oxygen  was  accomplished  by 
Linossier.'"  He  avoided  precipitation  of  iron  by  the  presence 
of  sodium  potassium  tartrate  and  titrated  the  free  oxygen  with 
standard  ferrous  sulfate  solution  with  phenolsafranine  as  an  in- 
dicator. 

A  few  colorimetric  methods  have  been  proposed.  Ramsay" 
allowed  the  oxygen  in  the  water  to  oxidize  a  cuprous  salt  to  a 
cupric  salt,  thus  going  from  a  colorless  to  a  blue  solution.  The 
intensity  of  the  color  was  proportional  to  the  oxygen  present. 
He  used  standard  tubes  made  from  sodium  chloride  and  copper 
sulfate  reduced  with  sulfur  dioxide  gas  as  comparates.  His 
method  was  never  successful,  since  the  color  faded  from  the 
standards  on  standing,  and  the  color  of  the  water  interfered  as  also 
did  the  nitrites.  Mackay  and  Middleton"  absorbed  the  oxygen 
from  a  portion  with  alkaline  pyrogallol.  They  boiled  another 
equal  portion  to  get  rid  of  the  oxygen  and  after  the  addition  of 
pyrogallol  to  the  boiled  sample  added  air  until  the  color  matched 
the  first  sample.  From  the  amount  of  air  added  the  dissolved 
oxygen  was  calculated.  The  method  was  inaccurate  because  the 
air  added  could  not  be  easily  measured  and  the  apparatus  re- 
quired was  cumbersome. 

The  method  commonly  used  at  present  for  the  determination 
of  dissolved  oxygen  in  water  is  that  of  Winkler."  It  depends 
on  the  oxidation  of  bivalent  manganese  (AIn  +  +)  by  the  dissolved 
oxygen  in  an  alkaline  solution.  The  oxidized  manganese  oxidizes 
iodide  in  an  acid  solution,  giving  free  iodine.  The  liberated  io- 
dine is  titrated  with  standard  sodium  thiosulfate  solution.  This 
method  has  been  foimd  to  check  very  well  with  gasometric 
determinations.  It  gives  too  high  results  in  the  presence  of  ni- 
trites. Winkler"  recognized  this  fact  and  proposed  to  correct 
by  titrating  a  separate  sample  with  a  weak  manganese  chloride 
solution.     This  means  is  out  of  the  question  for  field  work. 
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The  modification  now  adopted  by  the  Standard  Methods  of 
the  American  Public  Health  Association  is  that  of  Rideal  and 
Stewart,"  which  oxidizes  the  nitrites  and  easily  oxidizable  mat- 
ter in  the  water  with  potassium  permanganate  in  acid  solution. 
The  excess  permanganate  is  subsequently  destroyed  with  sodium 
oxalate.  Hale  and  Melia'*  have  prevented  the  effect  of  nitrites 
by  adding  potassium  acetate  before  titration,  thus  repressing  the 
hydrogen-ion  concentration  and  preventing  the  interaction  of 
the  nitrites  with  the  hydrogen  iodide. 

Winkler"  has  recently  proposed  a  method  for  the  estimation 
of  dissolved  oxygen  in  the  presence  of  much  nitrate  and  organic 
matter.  He  oxidizes  the  organic  matter  with  hypochlorite.  One 
sample  is  run  as  a  blank  and  another  after  treatment  with  man- 
ganese chloride,  potassium  hydroxide,  and  potassium  iodide,  the 
same  as  in  his  original  method. 

WhOe  a  relatively  large  amount  of  work"  has  been  done 
in  correcting  the  Winkler  method  for  nitrites  and  organic 
matter,  no  attention  appears  to  have  been  given  to  the  possi- 
bility of  interference  from  other  sources.  Iron  salts,  for  ex- 
ample, would  be  expected  to  interfere  with  an  iodometric 
titration.  Whether  this  interference  is  quantitative,  and 
hence  possible  of  correction  by  calculation,  is  not  apparent 
from  the  literature. 

The  authors  had  met  with  the  interference  of  iron  salts 
in  attempting  to  determine  the  dissolved  oxygen  in  a  stream 
polluted  with  waste  liquor  from  a  galvanizing  plant  as  well  as 
domestic  sewage.  Since  no  solution  of  the  difficulty  was 
found  in  the  literature  the  question  was  submitted  to  the 
following  investigation : 

EXPERIMENT.\L 

A  series  of  glass-stoppered  bottles  containing  distilled 
water,  potassium  iodide,  acid,  and  iron  salts  was  set  up. 
The  amounts  of  iron  in  the  respective  bottles  varied  from  0 
to  170  p.  p.  m.,  as  shown  in  the  table.  They  were  allowed  to 
stand  and  then  titrated  with  standard  thiosulfate  solution. 
The  results  are  shown  in  Table  I. 


In  all  cases  4  cc.  concentrated 
solution  (1  cc.    =   0.03994  gram 
amount    of   iron   solution  (1    cc. 
to  stand  12  hours,  and  titrated  w 
Na.SsOs 
Solution 
for  100  Cc. 
Iron       Water      NanSaOs 
Solu-  (Av.  of  2         for 
tion  Titrations)   Bottle 
No.      Cc.         Cc.  Cc. 


Table  I 

HCl,  450  cc.  distilled  water,  and  10  cc.  KI 
KI)  were  used,  together  with  indicated 
=  0.0100294  gram  iron);  shaken,  allowed 
ith  NaiS-Oa  solution  (0.01317  N) 


0 


0 

2.74 
5.47 
10.04 
12.52 


0.0 
12.74 


Iron  in 

Original 

Solution 

P.  P.M. 

0.0 

21.5 

43.0 

85.7 

106.9 

149.3 

170.0 


Apparent 

Dissolved 

Iron  Reduced         Oxygen 

P.  P.M.    Percent   P.  p.  M. 


0.0 
20.2 
40.3 
74.1 
92.4 
120.8 
131.9 


0.0 
93.5 
93.7 
86.5 
86.4 
80.8 
77.6 


0.0 
2,89 
5.77 
10.58 
13.20 
17.25 
18.85 


Since  many  unpolluted  waters  contain  appreciable  amounts 
of  iron  but  seldom  as  much  as  20  p.  p.  m.,  the  smallest  amount 
used  m  the  first  series,  another  series  was  run  with  smaller 
amounts  varying  the  iron  from  0  to  20  p.  p.  m.,  in  order  that 
the  entire  range  of  probable  conditions  might  be  covered. 
These  results  are  showTi  in  Table  II. 

That  ii'on  ailects  the  determination  of  dissolved  oxygen 
by  the  Winkler  method  is  apparent  from  the  foregoing  data. 
This  efl'ect  may  be  brought  about  in  two  ways.  First,  when 
present  in  large  amounts  it  requires  so  much  of  e^-en  strong 
potassium  permanganate  to  oxidize  it  from  the  ferrous  to 
ferric  condition  that  the  dissolved  oxygen  in  the  reagent 
itself  is  appreciable;  second,  when  oxidized  to  the  ferric 
state  it  serves  as  an  oxidizmg  agent  itself  and  will  oxidize 
the  iodide  ion  to  free  iodine  which  will  give  high  results. 

The  chief  objection  to  the  use  of  the  Winkler  method  when 
iron  is  present  is  due  to  the  second  effect.  If  all  the  iron 
present  were  reduced  and  the  amount  of  iron  present  were 
known,  it  would  be  possible  to  correct  the  titration  with 
thiosulfate.     If,  however,  the  reaction 


Fe  +  +  +   +  lFiFe  +  +  +   V2I2 

does  not  go  to  completion,  then  the  correction  will  not  equal 
the  amount  of  iron  present.  From  the  tables  it  will  be  seen 
that  as  the  amount  of  iron  increases  a  smaller  percentage  of 
the  iron  is  reduced  (seventh  column).  This  means  then  that 
if  we  were  to  apply  a  correction  in  the  Winkler  method  when 
iron  is  present,  we  should  know  not  only  the  iron  content,  but 
also  the  percentage  which  acts  on  the  iodide  solution  forming 
free  iodine.  Such  a  percentage  value  would  vary  with  the 
temperature  and  foreign  sulistances  present,  as  well  as  with 
iron,  hydrogen-ion,  and  iodide-ion  concentration  in  solution. 
Table  II  shows  that  at  a  concentration  of  2  p.  p.  m.  all  the 
iron  in  solution  is  reduced  and  the  reading  on  titration  with 
thiosulfate  will  be  increased  directly  as  the  amount  of  iron 
present. 

Table  II 
In  all  cases  4  cc.  concentrated  HCl,  450  cc.  distilled  water    and  10  cc 
Kl  solution  (1  cc.   =  0.03994  gram  KI)  were  used,  together   with   indicated 
amount    of    iron    solution    (1  cc     =   0.001003  gram    iron):  shaken    allowed 
to  stand  12  hours,  and  titrated  with  NasSjOi  solution  (0.01308  N) 
NajSiOj 
Solution 
for  100  Cc. 
Iron       Water  Iron  in  Apparent 

Solu-  (Av.  of  2     Na2S203     Original  Dissolved 

tion  Titrations)  for  Bottle  Solution         Iron  Reduced     Cxygen 
No.       Cc.         Cc.  Cc.         P.  p.  M.     P.  p.  M.    Per  cent  P.  p.  M. 

1  0         0.00  0.00  0.00  0.00  0  0         0  00 

2  1  0.30  1.40  2.16  2  20  100"        031 

3  2.5     0.70  3.27  5.38  5,13         9r,  i         0  73 

4  5         1.36  6.38         10.69  9.96         93  2         143 

5  7.5     1.99  9.38         15.95         14.57         91.3         208 

6  10         2.55  12.09         21.16         18.68         88.3         267 
Tap  water          0.49  ...        About  2  ...  ..  0  51 


turatio 


I  0.04  p.  p.  m.  reduced  iron  over  actual  iron  in  solution  i 


'ilhii 


Ferric  iron  on  being  reduced  to  the  ferrous  condition  re- 
leases one  equivalent  of  iodine  per  atom  of  iron. 

Fe  +  +  +  -f-  HI   =   Fe  +  +  +   V2I2 

Oxygen,  on  reacting  with  manganese  hydroxide  forming  the 
higher  hydroxide  which  subsequently  reacts  with  the  iodide 
solution,  releases  one  equivalent  of  iodine  per  one-half  atom 
of  o.xygen. 

'A  Mn(0H)2  +  ^/iO  +  V2H2O  =  V2  Mn(0H)4 
V2  Mn(0H)4  -1-  HI  -f  'A  H2SO4  =  V2  MnSOi  -|-  I  -|-  2HjO 

Therefore,  one  atom  of  iron  equals  one-half  atom  of  oxygen, 
or  56  grams  Fe  =  8  grams  0. 

8/56   X  grams  Fe   =   grams  O2 

Tiie  presence  of  one  part  per  million  of  iron  would  indicate 
0.14  p.  p.  m.  dissolved  oxygen  more  than  is  actually  present. 
Since  only  about  90  per  cent  of  the  iron  is  converted  the 
correction  would  be  a  little  lower.  Although  in  most  cases 
this  correction  is  smaller  than  the  error  in  titration  in  the  field, 
when  the  amount  of  iron  is  high  as  in  the  discharge  from 
iron  and  steel  works,   it  amounts  to  an  appreciable  error. 

There  is  another  way  in  which  iron  affects  the  Winkler 
method.  The  thiosulfate  may  react  with  the  ferric  ii-on  it- 
self directly  according  to  the  equation: 

2Na2S203  -1-  2FeCl3  =  2NaCl  -f  2FeCl2  -f  NajSiOe 

However,  most  of  the  ferric  iron  has  been  reduced  before  this 
titration  is  made,  so  the  error  due  to  this  cause  is  rather  smaU, 
especially  in  low  iron-bearing  waters.  From  the  equation  it 
is  seen  that  the  error  in  the  titration  wiU  be  the  same  as  if 
that  amount  of  iodine  is  actually  present,  since  the  reaction 
is  almost  complete  to  the  right. 

Since  the  Winkler  method  apparently  could  not  be  modified 
for  use  in  the  presence  of  iron,  the  next  step  was  to  investi- 
gate some  other  method. 

Of  those  mentioned  above  the  Levy-Mohr^  method  seemed 
to  be  the  one  most  likely  to  work  in  the  presence  of  iron,  since 
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an  iron  solution  is  added  during  the  procedure  and  there- 
fore any  iron  already  in  the  water  should  have  no  effect. 

As  to  the  accuracy  of  the  Levj-  method  and  its  modifications 
there  is  considerable  difference  of  opinion.  The  Metropolitan 
Sewage  Commission  of  New  York"  liaKS  used  it  and  found 
close  agreement  with  gasometric  methods.  Letts  and  Blake' 
claim  high  results  in  the  presence  of  nitrites  or  organic  matter, 
while  others,  such  as  Clilopin,"  and  Tiemann  and  Preusse,-" 
maintain  that  it  gives  low  results,  the  magnitude  of  the  error 
depending  on  the  amount  of  time  allowed  for  the  precipitate 
to  stand,  the  degree  of  pollution  of  the  water  and  the  tem- 
perature at  which  the  experiment  is  run.  The  longer  the 
precipitate  is  allowed  to  stand  before  acidification  the  less 
the  error.  Waters  run  at  higher  temperature  have  given 
higher  results  than  some  run  at  a  lower  temperature,  which 
is  contrary  to  the  law  of  solubility  of  gases. 

With  the  end  in  \-iew  of  seeing  how  variable  amounts  of 
iron  affected  the  Levy  methotl,  a  series  of  runs  was  made 
varying  the  amount  of  iron  both  in  distilled  and  polluted 
water.  The  samples  were  tested  by  the  Le\'y  method,  Letts 
and  Blake  modification,  and  also  by  gasometric  methods.-' 
The  re'sults  are  shown  in  Table  III. 

Table  III — Comparison  of  Lrvy  and  Boiling  Ol'T  Methods 
Iron         Levy      Boiling      Levy"      Boiling" 
No.  r.p.M.  P. P.M.  P.p. M.      Cc.  Cc.  Remarks 

DisliUcd    Water 

1  107         7.70         7.68         5.39         5.38 

2  SI  7. .So         7.65         5.15         5.35 

3  54         7.56         7.36         5.2S         5.15 

Raw   Sewage 

4  81         0.77         0.86         0.54         0.60  (  Shaken  with  iron  solu- 

5  54         0.35         0.43         0.25         0.30-J  tion    and    allowed    to 

6  27         0.28         0.22         0.20         0.15/  stand  for  a  few  hours 
a  At  normal  temperature  and  pressure. 

There  is  in  general  a  close  agreement  in  the  results  by  the 
two  methods.  Whether  or  not  the  criticisms  of  this  method 
are  false  cannot  be  judged  without  a  much  fuller  investigation. 
The  data,  however,  show  that  tiie  Levy  method  can  be  used 
in  the  presence  of  iron  and  will  give  far  more  accuracy  than 
the  Winkler  method,  Rideal  and  Stewart  modification.  For 
instance,  a  water  containuig  107  p.  p.  m.  (Table  III)  which 
gives  a  correct  value  for  the  dissolved  oxj'gen  by  the  Levy 
method  would  give  (Table  I)  a  ^•ahle  about  10.6  p.  p.  m.  too 
high  by  the  Winkler  method  if  allowed  to  stand  some  time 
before  titration  with  thiosulfate. 

Another  phase  of  the  problem  to  be  studied  in  this  labora- 
tory is  the  effect  of  time  on  the  equilibrium  of  iron  and  hydro- 
gen iodide.     It  is  thought  that  it  plays  a  considerable  part. 

Conclusion 

Determination  of  dissolved  o.\ygen  with  the  Winkler 
method,  Rideal  and  Stewart  modification,  gives  high  results 
in  the  presence  of  iron. 

A  correction  cannot  be  made  for  iron  by  lowering  the  re- 
sults in  proportion  to  the  iron  present.  The  equilibrium 
Fe  +++  4-  HI  ;=±  Fe  +  +  +   V2I2 

must  be  considered. 

Reaction  gives  75  to  90  per  cent  of  iron  as  iodine.  Thus, 
the  presence  of  1  p.  p.  m.  iron  causes  a  high  value  of  0.10  to 
0.13  p.  p.  m.  in  the  oxygen. 

The  Levj'  method  gives  accurate  results  in  the  presence  of 
iron  and  organic  matter,  while  the  Winkler  method  gives  too 
high  results. 
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Fractional  Distillation  Apparatus' 

By  Edith  H.  Nason 
University  op  Illinois,  Urbana,  III. 

T^HE  types  of  apparatus  used  for  fractional  distillation 
*  under  diminished  pressure,  such  as  bird  cages  and  other 
varieties  designed  by  Kolbe,  Wechmar,  Gautier,  and  others, - 
are  expensive,  very  inconvenient  when  large  quantities  of 
distillate  are  to  be  obtained,  and  often  fragile.  The  following 
apparatus,  which  is  merely  a  modification  of  that  used  by 
Fischer  and  Harries,''  has  several  advantages.  It  is  very  in- 
expensive, easy  to  ma- 
nipulate, is  not  fragile, 
and  with  it  distillates 
of  any  size  may  be 
obtained. 

As  shown  by  the  dia- 
gram, the  apparatus 
may  be  made  with  an 
adapter,  .4,  a  pipet,  B, 
and  two  stopcocks,  I 
and  II.  The  adapter 
is  connected  with  the 
condenser  at  C  and  the 
receiver,  which  may  be 
of  any  size  depending 
upon  the  quantity  of 
distillate,  is  attached 
at  D.  The  apparatus 
is  connected  to  a  vac- 
uum pump  at  stopcock 
II.  After  the  first 
fraction  is  obtained, 
stopcock  I  is  turned 
to  admit  air  into  the 
receiver.  During  the 
exchange  of  receivers, 
the  distillation  may  be 

continued,  the  distillate  collecting  in  the  pipet.  Distillation 
will  only  momentarily  stop  while  the  second  receiver  is  being 
evacuated.  When  hea\'j'  liquids  are  to  be  distilled,  it  is  well 
to  have  the  bore  of  stopcock  I,  which  leads  to  the  receiver, 
of  good  size. 

■  Received  May  17,  1923. 

2  Houben-Weyl,    "Die    Methoden   der   organischen    Chemie,"    Vol.    I, 
2nd  ed.,p.  567. 

3  Ber.,  35,  2158  (1902). 
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Correlation  of  High  School  and  College  Chemistry 

Preliminary  Report  of  the  Committee  on  Chemical  Education  of  the 
American  Chemical  Society 


T^HE  Committee  on  Chemical  Education  of  the  American 
•^  Chemical  Society  which  has  been  charged,  during  the  past 
year,  with  correlating  courses  of  high  school  and  college  chem- 
istry, had  its  first  official  session  at  New  Haven  at  the  spring 
meeting  of  the  Society.  The  committee  decided  that  the  four 
following  objectives  would  help  most  in  solving  the  correlation 
problem: 

1 — To  encourage  the  teaching  of  chemistry  in  the  high  school. 

2 — To  have  such  a  course  given  in  high  school  that  it  would 
answer  for  students  who  go  to  college  as  well  as  for  students  who 
do  not  go  to  college. 

3 — To  outline  a  minimum  high  school  chemistry  course,  taking 
into  account  both  content  and  method. 

4 — To  have  colleges  recognize  high  school  chemistry,  at  least 
to  the  degree  of  having  a  different  course  for  those  students  who 
have  had  the  said  outlined  high  school  course. 

These  four  points  were  taken  before  the  Section  of  Chemical 
Education  and  after  some  discussion  were  approved,  and  hence 
the  committee  began  to  make  plans  for  their  development.  The 
most  direct  point  of  contact  was  the  preparation  of  the  high 
school  outline  which  the  committee  has  termed  "A  Standard 
Minimum  High  School  Course  in  Chemistry." 

The  following  objectives  have  governed  the  committee  in  its 
work: 

1 — To  prepare  an  outline  for  high  school  chemistry  which  is 
satisfactory  for  students  who  wish  to  get  a  general  knowledge 
of  chemistry  as  well  as  for  those  who  are  going  to  college. 

2 — To  list  only  the  minimum  essential  topics  which  are  common 
to  all  localities,  so  that  the  high  school  teacher  will  have  time  in 
developing  the  course  to  supplement  these  minimum  topics  with 
material  which  he  considers  especially  suitable  for  his  locality 
or  for  the  future  work  of  his  students.  See  list  of  topics  for 
supplementary  work  at  end  of  this  report. 

3 — To  prepare  an  outline  which  would  cover  the  essentials  of 
ajiy  State  requirements. 

4 — To  prepare  an  outline  which  would  be  in  tune  with  the 
syllabus  of  the  College  Entrance  Examination  Board. 

It  is  the  anticipation  of  the  committee  that  the  following  ob- 
jectives will  govern  the  high  school  teacher  in  developing  the 
outline : 

1 — To  show  the  service  of  chemistry  to  the  home,  to  health, 
to  medicine,  to  agriculture,  to  industry,  etc. — in  a  word,  to  show 
the  service  of  chemistry  to  the  Nation. 

2 — To  develop  this  service  in  chemistry  around  these  minimum 
standard  topics,  and,  in  doing  so,  to  see  that  these  minimum  re- 
quirements are  so  well  taught  that  they  may  be  buUt  upon  as  a 
foundation  in  college. 

3 — To  use  his  own  order  of  developing  the  listed  topics. 

4 — To  train  the  student  in  keen  observation  and  exact  reason- 
ing. 

5 — To  develop  a  careful  correlation  between  recitation  and 
experiment  with  the  minimum  amount  of  repetition. 

6 — To  encourage  students  to  keep  notebooks  which  shall  be 
an  accurate  record  ot  laboratory  experiences  expressed  in  concise, 
clear  EngUsh. 

7 — To  encourage  chemistry  being  placed  in  fourth  year  of 
high  school  after  the  students  have  had  a  year  of  general  science, 
and  a  year  of  biological  science  or  physics,  or  preferably  both. 

8 — To  build  upon  the  earlier  science  courses  and  knit  them 
together  in  the  best  possible  manner. 

9 — To  encourage  students  to  use  reference  books  in  addition 
to  their  textbook. 

10 — To  help  pupils  to  find  themselves — i.  e.,  to  discover 
whether  they  have  an  aptitude  for  further  study  in  chemistry 
or  applied  science,  and,  if  so,  to  encourage  such  students  to  con- 
tinue their  study  of  science  in  university  or  technical  school. 

11 — The  teacher  is  urged  throughout  the  course  to  stress  the 
general  principles  involved  in  the  specific  cases  studied. 


Topics  for  a  vStandard  Minimum  High  School  Course  in 
Chemistry 
1— Water 

(a)   General  distribution 

(&)   Pliysical  properties:   color,  odor,  taste,  density,  boiling  point,  freezing 

Cr)  Solution:  solvent,  solute,  saturated  solution,  process  of  solution,  de- 
grees of  solubility,  factors  affecting  the  solubility  of  a  substance,  sus- 
pensions 

(d)  Impurities  in  water:  what  constitutes  impurities;  purification  by  boil- 
ing, distillation  or  filtration 

(e)  Crystallization:  water  vapor,  water  of  hydration,  deliquescence  and 
efflorescence 

if)   Chemical  properties;  quantitative  composition  of  water  by  electrolysis 

and  by  synthesis  from  copper  oxide,  contrast  of  physical  and  chemical 

change,  contrast  of  elements  and  compounds:  stability  of  water;  inter- 
action of  water  with  active  metals;  order  of  activity;  interaction  with 

oxides 
2 — Oxygen 

(a)   Preparation 

Electrolysis  of  water 

Industrial 

Potassium  chlorate  (use  of  catalytic  agent) 
(4)   Properties 

Physical :  color,  odor,  solubility  in  water,  weight  relative  to  air,  weight  of 
22.4  liters 

Chemical:    tendency  to  form  oxides  in  air  and  in  oxygen,  explanation 
of  oxidation  and  combustion,  kindling  temperature 
(r)    Uses:    necessary  to  life 

(d)   Ozone,  briefly  as  to  its  preparation,  properties,  and  uses 
3 — Hydrogen 
(d)    Preparation 

Electrolysis  of  water 

Industrial 

Action  of  certain  metals — i,  e.,  sodium — on  water 

Replacement  in  acids  by  metals 
(6)   Properties 

Physical:  as  with  oxygen 

Chemical:  burns  in  air,  reduction  by  hydrogen 
((")   Uses  (practical) :    oxyhydrogen  fiame,  balloons,  hydrogenation  of  oils 
(,d)   Hydrogen  peroxide,  briefly  as  to  its  preparation,  properties,  and  uses 
4 — Laws,  Hypotheses,  and  Theories 
(a)   Law  of  Conservation  of  Mass 
(6)    Law  of  Definite  Composition  (proportion) 
({)    Atomic  Theory  (simple  treatment),  including  electron 
{d)   Law  of    Boyle    and    Law    of    Charles,    treated    briefly    with   special 

reference  to  gases,  not  experimentally,  but  rather  their  application  to 

the  interpretation  of  change  of  volume 
(c)   Law  of  Gay-Lussac  and  Avogadro's  Hypothesis 
5 — Symbols,  Weight,  and  Volume  Relations 

(a)   Atomic  weights  (not  their  experimental  derivative),  use  in  performing 

simple  chemical  calculations 
(6)   Molecular  weights  as  explained  by  Law  of  Gay-Lussac  and  Avogadro's 

hypothesis 

(c)  Symbols  and  formulas  (not  their  experimental  derivative),  especially 
their  use  in  writing  equations 

(d)  Valence,  with  special  reference  to  writing  formulas 

(t-)  Equations  and  their  use  in  expressing  chemical  changes,  including 
gravimetric  and  volumetric  equations 

(/)  Problems  involving  (1)  percentage  composition,  (2)  weights  of  sub- 
stance and  volume  of  gases  concerned  in  chemical  reactions,  and  (3) 
the  laws  of  gases 

(g)  Five  kinds  of  chemical  changes:  direct  combination,  decomposition, 
simple  replacement,  double  replacement,  and  oxidation  and  reduction 

(/])  Formulas  and  writing  of  equations  for  reactions  already  studied 
6— Air 

(a)   Percentage  of  oxygen  and  nitrogen  by  weight  and  by  volume 

(6)   Test  for  water  vapor  and  carbon  dioxide 

(c)  Liquid  air 

id)    Evidences  that  air  is  a  mixture  and  not  a  compound 
7 — Nitrogen 

(d)  Occurrence 
(6)   Properties 

Physical 

Chemical;  nonsupporter  of  combustion,  general  inactivity,  tests 
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(c)   Nitrogen  6sation,  as  illustrated  by  plants,  synthesis  of  ammonia,  and 

oxides  of  nitrogen 

{d)    Uses  (practical) 

8— Oxides  of  Nitrogen 

(a)  Nitric  oxide:  preparation,  properties,  tests,  and  uses 
(6)  Nitrogen  peroxide:  preparation,  properties,  tests,  and  uses 
O^Nitric  Acid 
(o)   Preparation 

Industrial  (from  the  air) 
Sodium  nitrate  with  sulfuric  acid 
(6)  Properties 

Chemical:    action  of  dilute  and  concentrated  nitric  acid  on  copper  and 
and  silver,  test  for  nitric  acid  or  a  nitrate,  decomposition  products  of 
different  nitrates 
(c)  Uses:  aqua  regia,  oxidizing  agent,  nitrocellulose  industries,  high  ex- 
plosives (briefly) 
10 — Ammonia 

(a)  Preparation 

Decay  of  nitrogenous  matter 

Industrial  (Haber  process) 

Destructive  distillation  of  soft  coal 

Action  of  ammonium  salt  with  nonvolatile  base 

(b)  Properties 
Physical 

Chemical:    basic  character  of  water  solution,  ammonium  radical  forma- 
tion of  ammonium  salts,  test 

(c)  Uses:  refrigerating  agent,  preparation  of  ammonia  water 
11— Acids,  Bases,  and  Salts 

(a)   Properties 

General:    taste,  action  on  litmus,  etc. 
(6)   Normal  and  molar  solutions 
(c)    Activity  of  acids  and  bases 
{d)   Solutions,  conductors  of  electric  current 
12 — Theory  of  Ionization  (briefly) 

(a)  How  theory  explains  electrolysis 
(6)    How  theory  explains  neutralization 

(c)  Acid  and  base  defined  in  terms  of  ions 

(d)  Atom  and  ion  distinguis'hed 

(e)  Chemical  equilibrium 
(/)   Reversible  reactions 

(g)  Why  reactions  go  to  completion 
(/i)   Common  ion  effect 
13— Sulfur 

(o)   Occurrence 

(b)  Extraction:  American  method  (Frasch  method) 

(c)  Allotropic  forms;  rhombic,  prismatic,  and  amorphous,  flowers  of  sulfur 
id)   Properties 

Chemical:  direct  combination  with  copper,  iron,  and  zinc 
(t.-)  Comparison  with  oxygen 
(/)   Uses:    vulcanizing  rubber,  making  matches,  making  sulfur  dioxide 

14 — Oxides  of  Sulfur 
(fl)  Sulfur  dioxide 

Preparation:  burning  sulfur,  roasting  of  sulfide  ores,  action  of  an  acid 

upon  a  sulfite 
Properties 
Physical 

Chemical:    action  with  water  Csulfurous  anhydride  test) 
Uses:  bleaching,  reducing  agent 
(6)  Sulfur  trioxide 

Preparation  (industrial) 
Catalysis  as  illustrated  by  its  manufacture 

Properties,  including  test  * 

Uses 
15 — Sulfuric  Acid 
(a)   Preparation 

Lead  chamber  process  with  simple  chamber  reactions  only 
Contact  process 
(6)    Properties 

Physical:    specific  gravity  and  boiling  point 

Chemical:    aflBnity  for  water,  dilute  acids  on  metals  and  concentrated 
acids  on  copper,  test  for  SO4  ion 
(c)   Uses:    preparation  of  other  acids,  with  reason  for  the  same;  manu- 
facture of  fertilizers;  refining  of  petroleum 
16 — Hydrogen  Sulfide 

(a)  Preparation:    ferrous  sulfide  and  dilute  hydrochloric  or  sulfuric  acid 

(b)  Properties 
Physical 

Chemical:   combustion,  action  on  metals,  action  on  salt  solutions  of 
metalhc  salts 

(c)  Uses:    precipitation  of   sulfides  with  special  reference  to  testing  for 
certain  metals 


17 — Periodic  Table  for  Classification  Only 

(a)  Elements  arranged  in  order  of  atomic  weights 

(b)  Relation  of  valence  to  group  numbers 

(c)  Gradual  transition  from  metals  to  nonmetals  in  passing  from  Group   I 
to  Group  II 

(<f)  Increase  of  metallic  nature  with  increase  of  atomic  weight  within  the 
group 
18 — Halogens 

A.  Chlorine 

(o)   Preparation:     one    industrial    method,    one    laboratory    method — 
oxidation  of  hydrochlonc  acid  using  a  chloride  and  manganese  dioxide 
(6)   Properties 
Physical 

Chemical:   direct  combination  with  other  elements  to  form  chlorides, 
tests,  comparison  with  oxygen 
(tr)   Uses:    bleaching  and  disinfecting  action 
(d)   Compound:    hydrochloric  acid  (gas  and  solution) 
Preparation:    a  chloride  and  sulfuric  acid 
Properties 
Physical 

Chemical:   a  typical  acid  shown  by  taste,  action  on  litmus,  and  re- 
action with  metals;  test  for  chloride  ion 
Use 

B.  Bromine  and  iodine 

(a)   Preparation  contrasted  with  chlorine 

(6)  Comparison  of  physical  and  chemical  properties  of  chlorine,  bromine 
and  iodine;  relative  replacement;  tests 

(c)  Uses  of  iodine 

(d)  Position  of  halogens  in  the  periodic  table 
19 — Carbon 

(a)  Occurrence 

General  distribution 

Allotropic  forms:   diamond,  graphite,  amorphous  forms 

(6)   Commercial  preparation  of  useful  forms:    graphite,  charcoal,  lamp- 
black, coke,  diamond,  bone  black 

(c)  Properties 
Physical 

Chemical:   affinity  for  oxygen,  action  with  calcium  and  silicon 

(d)  Uses:   common  fuels  including  carbon  or  carbon  compounds,  operation 
of  household  stoves  and  furnaces,  reduction  by  carbon,  decolorizer,  ad- 

20 — Carbon  Dioxide 

(a)  Occurrence:  relation  to  plant  and  animal  life 

(b)  Preparation:   burning  carbon  or  a  carbon  compound,  action  of  acid  on 
a  carbonate 

(c)  Properties 
Physical 

Chemical:  nonsupporter  of  combustion,  action  with  soluble  hydroxide, 
brief  treatment  of  its  solubility  in  water,  its  role  in  nature,  plant 
growth,  temporary  hard  water,  and  test  for  carbonate  ion 

(d)  Uses:    refrigerating,  beverages,  fire  extinguishers,  leavening  agent  in 
bread-making 

21 — Carbon  Monoxide 

(a)   Preparation:    from  oxaUc  acid,  reduction  of  carbon  dioxide  by  carbon 
(6)   Properties 

Physical 

Chemical!   combustibility,  reducing  power,  test 

(c)  Uses:    reducing  agent  industrially;  constituent  of  water  gas,  coal  gas, 
and  producer  gas 

(d)  Illuminating  and  fuel  gases:    manufacture  and  uses 
22 — Sodium 

(a)    Preparation 

Industrial:  electrolysis  of  sodium  hydroxide 
(6)   Properties 

Physical:    metallic  luster,  hardness,  color,  power  to  conduct    heat  and 

electricity 
Chemical:    flame  test;  action  with  water,  with  chlorine 
(c)  Compounds  of  sodium 

Hydroxide:    commercial   preparation   (either  lime  soda  or  electrolytic 
process);  properties  as  typical  base;  neutralization;  test  for  hydroxy  1 
ion;  use  (cleaning  agent,  soap-making) 
Chloride:    occurrence  in  sea  water  and  mines;  laboratory  preparation; 

uses;  role  in  industry 
Carbonate:    preparation  by  Le  Blanc  and  Solvay  process;  properties; 

use  (particularly  industrial) 
Acid  carbonate:    preparation   (laboratory  and  industrial);  properties; 

uses;  baking  powders 
Nitrate:  occurrence;  properties;  uses 
23 — Calcium  Compounds 
(a)  Carbonate: 

Occurrence:    marble,  limestone,  shells 

Properties;  solubility  in  water  containing  carbonic  acid  (temporary 
hard  water),  decomposition  by  heat,  action  with  acids 
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Industrial  uses:    building  material,  making  of  quicklime,  flux  in  iron 
furnaces,  glass 
(6)  Oxide:    preparation  (industrial);  properties;  industrial  uses 

(c)  Hydroxide:    preparation;  properties;  uses  (mortar,  its  hardening) 

(d)  Sulfate:    occurrence;  properties;  test;  uses;  permanently  hard  water 
and  contrast  with  temporary 

(e)  Bleaching  powder:    commercial  preparation;  uses,   (bleaching,  disin- 
fecting) 

(/)  Calcium  phosphates:   preparation;  uses  (fertilizers) 
(g)  Fertilizers;    presence  of  potassium,  nitrogen,  and  phosphorus  as  in- 
gredients 


24 — Iron 


ti— blast  f 


(a)   Metallurgy  (extraction  from  oxide  ores— 
(&)   Cast  iron:    physical  properties 

(c)  Uses  of  cast  iron:  castings,  etc. 

(d)  Steel:     manufacture  (Bessemer,  open  hearth,  and  electrical  processes); 
varieties  of  iron  and  steel  with  reference  to  their  industrial  uses 

(c)  Protective  coatings  to  prevent  corrosion  of  iron  and  steel:    tin   (tin 

ware),  zinc  (galvanized  iron),  nickel  plate,  enameled  ware,  paint 
(f)   Compounds  of  iron 

Oxides:  occurrence  and  uses 

Hydroxide:  preparation  (laboratory);  properties;  uses 
Sulfate:   preparation;  properties,  uses 

Chlorides   (ferrous  and  ferric):    preparation   (laboratory);    properties; 
uses;  ferrous  and  ferric  compounds;  oxidation  and  reduction  of  iron 
compounds;  change  of  valence 
25— Zinc 

(a)  Metallurgy  from  carbonate  and  sulfide 

(b)  Properties 
Physical 

Chemical:   action  with  dilute  acids,  electromotive  series 

(c)  Uses:   alloys,  primary  cells 
26 — Aluminium 

(a)  Metallurgy  (electrolytic  process) 
(6)   Properties 
Physical 

Chemical:    action  with  hydrochloric  acid  and  sodium  hydroxide,  am- 
photeric 
(c)    Uses:   utensils,  alloys 
(ti)   Compounds 

Hydroxide;    preparation  (laboratory);  properties;  uses;  purification  of 

water 
Sulfate  (alum):   preparation  (laboratory);  properties;  uses 
27 — Copper 


(a)  Preparation  (outline  of  process  only  with  reference  to  iron) 
(6)   Purification  by  electrolysis 

(c)  Electroplating 

(d)  Properties 
Physical 

Chemical:  action  with  air  and  acids 

(e)  Uses:  electrical  purposes,  alloys 
(/)  Compounds  of  copper 

Sulfate:    properties,  uses  (water  purification,  fungicide) 
28 — Compounds  of  Lead 
(a)  Properties 
(6)  Uses 
(c)  Compounds 

Lead  monoxide:    preparation;  properties;  uses 

Basic  lead  carbonate:    industrial  preparation;  properties;    uses   (paint 
29 — Sources  of  Organic  Compounds 

(a)   Destructive  distillation  of  wood:    methanol,  acetic  acid,  charcoal 
(6)   Destructive  distillation  of  coat:   gas,  ammonia,  benzene,  tar,  coke 
(c)    Distillation  and  cracking  of  petroleum:    gasoline,  kerosene,  vaseline 
paraffin 
30 — Organic  Compounds 

(a)  Sugar;  (6)  Starch;  (c)  Acetic  acid  (briefly) 


Optional  List 


Shall  these  topics  be  included? 
ions  are  solicited. 


If  so,  to  what  extent?     Opin- 


Arsenic 

Periodic  law 

Colloids 

Phosphorus 

Electrolysis 

Rare  gases  of  air 

Electronic  structure  of  matter 

Reacting  weights  (not  atomic) 

Energy  change 

Silver 

Fehling's  solution 

Zinc  chloride 

Mercury 

Zinc  oxide 

Other  alloys  than  those  contained 

Zinc  sulfate 

in  copper 

List  of  Topics  for  Supplementary  Work 

Glass.     Crown,  flint.  lead,  special  glasses,  coloring  of  glass 

Clay  Products.     Brick,  pottery,  chinaware,  porcelain 

Artificial  Stone.     Lime,  plaster,  mortar,  hydraulic  cement,  concrete  stucco, 

plaster  of  Paris 
Fertilizers.     Problems  of  soil  fertility,  elements  needed  by  growing  plant  and 

function  of  each.     Photosynthesis  and  carbon  dioxide  cycle.      Nitrogen 

cycle  and  function  of  nitrogen  fertilizers.     Use  of  limestone  and  phosphate 

rock 
Coal.     Composition  and  fuel  values  of  different  varieties.     Distillation  of 

coal  tar,  light  oil,  middle  oil,  heavy  oil,  tar,  pitch.     Relation  to  dyes  and 

explosives 
Petroleum.     Fractional  distillation  into  burning  oils,  solvent  oils,  lubricants, 

paraflins.     Problem  of  gasoline  supply  and  possible  exhaustion  of  petro- 

Wood.     Distillation  of  wood  to  produce   methanol,    acetone,  acetic  acid. 


tolu 


Black   powder,   nitroglycerol,   dynamite,   guncotton,   trinitro- 
Relation  to  nitrogen  fixation  by  arc,  Haber,  and  cyanide  proc- 


nd  driers,  varnish,  shellac,  copal,  linseed 


ching, 


By  alkalies:    caustic 
carbon   tetrachloride, 


Paint,  Varnish,  Etc.     Oil  paints  : 

oil.  oil  cloth,  linoleum 
Pigments.     White  lead,  red  lead,  iron  oxide,  lead  chromate,  etc. 
Textile  Fibers.     Natural  and   artificial  silk.     Wool:    scouring,   ble 

felting,  etc.     Cotton:    bleaching,  mercerizing,  etc. 
Dyeing.     Direct  and  mordant  dyes 
Cleansing  Agents.     By  acid:    oxalic,  hydrochloric. 

soda,    soap   eraulsification.      By   special    solvents: 

benzene.  Composition  of  trade-marked  cleaning  fluids 
Photography.  Blueprints,  plates,  films,  prints,  toning,  etc. 
Food    Constituents.     Starch   preparations  from  corn;   cooking   to  dextrin 

and  to  paste,  hydrolysis  to  glucose 
Sugars.     Preparation  and  refining  of  beet  and  cane  varieties;  conversion  to 

Fats.     Olive  oil,  cottonseed  oil,  butter,  oleomargarine,  hardening  oils  by 

hydro  ge  nation 
Proteins.     Albumins,  casein,  gluten,  peptones,  gelatin,  vitamins 
Beverages.     Charged   waters,   soda,    mineral,    infusions,    tea,    coffee,    fruit 

juices  (artificial  flavors),  fermentation 
Poisons  and  Common  Antidotes.     Common  inorganic  drugs 
Leavening  Agents.     Yeast,  soda,  baking  powders 
Matches.     Ordinary  and  safety  types 

Adhesives.     Gums,  paste,  dextrin,  glue,  casein,  water  glass  (sodium  silicate) 
Inks.     Various  types 
Refuse    Disposal.     Sewerage,    garbage ;    fermentation     and    putrefaction ; 

civic  problems;  disinfectants  and  deodorizing  agents 
Preserving.     Sterilizing,  pasteurizing,  desiccating,  pickling  by  salt  and  sugar; 

chemical  preservatives  and  tests  for  them 
Metals.     Extraction  processes;  oxide  ore,  iron,  sulfide  ore,  lead;  electrolysis, 

sodium  and  aluminium;  extraction  of  other  metals  may  be  studied  by 

comparison  with  these 
Metals.     Used  for  basic  purposes,  iron,  copper,  aluminium,  lead;  for  orna- 
ment, gold,  silver,  nickel;  for  alloys,  bronze,  brass,  solder,  type  metal. 

antifriction  or  bearing  metals,  fusible  metal 


The  piu-pose  of  placing  this  preliminary  report  in  This  Journal 
is  to  give  every  chemist  an  opportunity  to  criticize  it.  There 
will  be  subcommittees  in  various  sections  of  the  country  where 
arrangements  will  be  made  for  tabulating  such  criticisms.  If 
such  opportunity  is  not  offered,  suggestions  may  be  sent  directly 
to  the  chairman  of  the  national  committee,  Neil  E.  Gordon, 
University  of  Maryland,  College   Park,  Md. 


Neil  E.  Gordon,  Chav 
B.  S.  Hopkins 

J.  R.  KuEBLER 

L.  W.  Mattern 
L.  C.  NewelIv 


W.  D.  Richardson 
R.  E.  Rose 
Walter  Schmidt 
W.  Segerblom 
R.  E.  Swain 


1  "Reorganization  of  Science 
cation.   Bull.  26    (1920). 


Secondary  Schools,"    Bureau  of  Edu- 


At  its  recent  annual  meeting,  the  American  Pharmaceutical 
Association  made  the  following  grants  for  the  year  1923-24: 

To  E  Kremers  and  K.  H.  Rang,  of  the  University  of  Wis- 
consin, for  work  on  decolorized  tincture  of  iodine  and  on  such 
other  preparations  of  the  National  Formulary  as  time  permits — 
^250.00. 

To  W.  J.  McGill,  of  the  University  of  Michigan,  for  work  on 
the   electrometric  titration   of  alkaloids — $200.00. 

These  research  grants  are  made  annually  from  the  interest 
accruing  from  the  association's  research  fund,  which  represents 
the  profits  accruing  from  the  sale  of  the  National  Formulary. 
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The  New  Patent  Act  in  Canada 


By  Clayton  L.  Jenks 
120  Broadway,  New  York,  N.  Y. 


'T'HE  Canadian  patent  law  which  went  into  force  on  Septem- 
*^  ber  1,  1923,  is  so  different  from  the  old  law  that  an 
American  inventor  or  manufacturer  may  now  find  it  worth 
while  to  adopt  an  entirely  new  attitude  towards  the  Canadian 
market. 

Heretofore,  Canada  discriminated  against  foreigners  rather 
severely.  Under  the  old  law,  a  Canadian  patent  became  void 
if  an  article  covered  by  the  patent  was  imported  into  Canada 
one  year  after  the  patent  was  granted.  Furthermore,  the 
holder  of  a  patent  was  required  to  manufacture  in  Canada  within 
two  years  of  the  patent  date,  unless  the  patentee  volvmtarily 
agreed  to  grant  licenses  to  Canadian  manufacturers. 

Under  the  new  law,  a  patent  is  not  automatically  invalidated 
by  reason  of  importation,  and  the  working  requirements,  which 
are  patterned  after  the  British,  are  more  liberal. 

Working  Requirements 

A  patent  is  now  granted  under  certain  conditions  which  may  be 
summarized  as  follows,  ignoring  many  of  the  finer  points: 

(a)  The  patentee  shall  manufacture  the  invention,  or  work 
the  process,  in  Canada  sufficiently  to  satisfy  the  reasonable 
requirements  of  the  public. 

This  implies  that  one  need  not  work  the  patent  until  there  is 
a  public  demand  for  the  invention.  Hence  an  inventor  of  a 
new  product  is  no  longer  under  any  compulsion  to  manufacture 
in  Canada  within  a  specific  time  limit  whether  or  not  his  manu- 
facturing and  marketing  plans  have  been  developed. 

(b)  Any  interested  person  may  petition  the  Patent  Com- 
missioner, stating  that  the  reasonable  requirements  of  the  public 
have  not  been  satisfied,  and  ask  that  the  patentee  be  ordered  to 
supply  the  patented  article  at  a  reasonable  price  or  to  grant  li- 
censes for  using  the  invention  on  reasonable  terms. 

(f )  If  the  parties  do  not  come  to  an  agreement,  the  Com- 
missioner may,  after  giving  a  hearing,  order  the  patentee  to 
supply  the  article  within  reasonable  limits  at  a  price  fixed  by 
the  Commissioner  or  to  grant  a  license.  This  must  be  done 
within  a  specified  time  limit  on  pain  of  forfeiture  of  the  patent. 

(d)  Such  an  order  shall  not  be  made  within  three  years  of 
the  patent  date,  or  before  June  13,  1924;  nor  will  it  be  made  if 
the  patentee  gives  satisfactory  reasons  for  his  default. 

(e)  The  reasonable  requirements  of  the  public  shall  not  be 
deemed  to  have  been  satisfied: 

If  any  trade  or  industry  in  Canada  is  unfairly  prejudiced  by 
the  patentee's  failure  to  supply  the  article  or  carry  on  the  process; 
or 

If  the  patentee  will  not  grant  a  license  on  reasonable  terms;  or 

If  he  attaches  unfair  conditions  to  the  purchase  or  use  of  the 
invention. 

(/)  Not  less  than  three  years  from  the  date  of  the  patent  grant, 
and  after  June  13,  1924,  any  one  may  petition  the  Commissioner 
to  have  the  patent  revoked  on  the  ground  that  the  invention  is 
being  worked  mainly  outside  of  Canada. 

(g)  In  such  a  case,  if  the  patentee  cannot  furnish  a  satis- 
factory excuse  for  not  manufacturing  in  Canada,  the  patent  may 
be  revoked  at  once,  or  after  a  reasonable  inter\-al,  unless  the 
patentee  has  begun  working  operations  in  Canada  by  that  time. 

These  provisions  of  the  patent  law  are  new  and  have  not  been 
clearly  interpreted  as  yet,  but  it  is  to  be  noted  that  the  Com- 
missioner has  been  given  wide  latitude  and  discretion  in  the 
matter.  Since  patentees  living  in  this  country  have  not  been 
unduly  oppressed  in  the  past,  and  since  the  new  law  is  less  drastic 
than  the  old,  it  is  fair  to  assume  that  the  Commissioner  will 
apply  the  law  reasonably  and  without  imposing  a  heavy  burden 
on  United  States  inventors  and  manufacturers. 
<  Received  October  6,  1923. 


Patent  Applicatioxs 

Since  Canadian  patent  practice  differs  considerably  from  that 
on  this  side  of  the  line,  a  resume  of  some  of  its  main  features  as 
now  required  seems  worth  while.  Ordinarily,  an  American 
files  his  patent  application  first  in  this  country;  hence  the  law 
affecting  such  cases  should  be  particularly  noted.  The  main 
requirements  are  that: 

(a)  The  patent  application  in  Canada  must  be  filed  within 
one  year  after  the  filing  date  of  the  United  States  application. 

(b)  The  invention  must  not  have  been  patented  or  described 
in  any  printed  publication  more  than  two  years  before  the  date 
of  filing  in  Canada. 

((-)  The  invention  must  not  have  been  in  public  use  or  on 
sale  in  Canada  for  more  than  two  years  before  the  filing  date. 

It  should  be  noted  that  public  use  or  sale  in  any  country  other 
than  Canada  does  not  affect  one's  right  to  a  patent,  whereas 
a  published  disclosure  of  the  invention  in  any  country  counts 
against  him.  The  inventor  may  use  or  sell  his  invention  in  the 
United  States  for  more  than  two  years  before  filing  in  Canada, 
but  he  must  be  careful  that  no  description  of  the  invention  has 
been  published  an>-where  in  the  world  for  that  length  of  time,  if 
he  wishes  to  obtain  a  valid  patent. 

In  order  that  the  new  law  may  not  work  undue  hardships  on 
applicants,  it  gives  until  June  13,  1924,  within  which  time  in- 
ventors who  have  already  filed  United  States  applications  may 
file  their  Canadian  cases,  providing  the  requirements  concerning 
two  years'  public  use,  sale,  and  printed  disclosure  are  satisfied. 
The  law  in  regard  to  filing  such  applications  where  a  United  States 
application  has  been  filed  for  more  than  a  year  may  be  sum- 
marized as  follows: 

(a)  If  no  United  States  patent  has  been  granted,  the  Cana- 
dian application  must  be  filed  before  June  13,  1924. 

(b)  If  a  United  States  patent  has  been  granted  the  Canadian 
application  must  be  filed  within  one  year  from  the  date  of  the 
patent  and  before  June  13,   1924. 

The  Examiner  does  not  search  any  but  Canadian  patents; 
hence  it  is  always  advisable  to  fUe  the  United  States  application 
first  and  get  the  benefit  of  the  search  made  at  Washington 
before  the  Canadian  case  is  filed.  In  fact,  it  is  wise  to  hold  up 
the  latter  after  filing  until  the  patentability  of  the  claims  in  this 
country  can  be  determined,  so  that  the  Canadian  claims  may  be 
made  to  correspond  with  those  in  the  United  States  case. 

Since  the  Canadian  Office  does  not  print  its  patents,  the 
applicant  is  required  to  file  duplicate  copies  of  the  specification 
and  drawings,  as  well  as  a  third  copy  of  the  drawings  and  of  the 
patent  claims.  One  of  the  duplicate  copfes  of  the  complete 
application  is  held  in  the  Patent  Office  when  the  patent  is  granted, 
and  the  other  copy  is  attached  to  the  patent-granting  paper 
and  returned  to  the  inventor.  When  one  wishes  to  obtain  copy 
of  such  patent,  it  is  necessary  for  the  Patent  Office  to  make  a 
typewritten  or  photographic  copy  of  the  specification  and  a 
photograph  of  the  drawings  for  such  purpose.  This  costs  S-100 
as  against  ten  cents  for  a  United  States  patent. 

Foods  and  Medimnes 

Of  direct  interest  to  chemists,  it  may  be  noted  that  if  the  in- 
vention relates  to  a  food  or  medicine  prepared  by  a  chemical 
process,  the  inventor  should  claim  the  method  of  manufacture 
and  he  may  not  claim  the  substance  itself,  except  when  produced 
by  the  special  method  described  and  claimed. 
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Each  patent  for  the  preparation  of  a  food  or  medicine  shall 
be  subject  to  a  compulsory  license  granted  by  the  Commissioner. 
Any  person  applying  for  this  license  may  be  permitted  to  use  the 
invention  for  the  production  of  food  or  medicine,  but  not  other- 
wise. So  wide  are  the  powers  of  the  Commissioner  that  he  may 
settle  the  terms  of  the  license,  the  law  merely  stipulating  that 
he  have  due  regard  to  the  desirability  of  placing  the  substance 
in  the  hands  of  the  public  and  at  the  same  time  giving  the  in- 
ventor a  proper  reward  for  his  invention. 

IntbrferEnces 

If  two  independent  inventors  file  applications  covering  the 
same  invention,  a  board  of  arbitrators  shall  be  appointed  to 
award  the  patent  to  one  of  the  claimants.  In  the  United  States, 
such  a  decision  is  rendered  by  a  special  official  in  the  Patent 
Office,  from  whose  decision  one  may  appeal  to  various  other 
officials  and  the  courts.  In  Canada,  one  of  the  arbitrators  is 
■chosen  by  each  applicant  and  the  third  by  the  Commissioner. 
If  either  applicant  fails  to  choose  his  arbitrator,  the  patent  shall 
issue  to  the  other.  If  there  are  more  than  two  claimants,  the 
Commissioner  may  appoint  the  three  arbitrators,  provided  the 
claimants  do  not  unite  in  selecting  them.  The  arbitrators  are 
given  the  full  powers  vested  in  a  Civil  Court  to  investigate  the 
matter  and  the  award  signed  by  any  two  of  the  three  arbitrators 
shall  be  final. 

Restoration  and  Reissue  op  P.'^tents 

If  a  Canadian  patent  has  become  void  under  the  terms  of  the 
old  patent  act,  through  failure  to  pay  fees  or  to  manufacture 
in  Canada  or  because  of  importation,  the  patentee  has  a  chance 
under  the  new  act  to  have  his  patent  revived  within  two  years 
from  the  date  of  its  becoming  void,  but  any  third  party  who  has 
•commenced  lawfully  to  make,   use,  or  sell  in  Canada,   during 


the  period  when  the  patent  was  void,  may  continue  to  use  the 
invention  just  the  same  as  if  the  patent  had  not  been  revived. 
A  reissue  to  correct  inadvertent  mistalces  in  a  patent  must 
be  obtained  within  four  years  from  the  date  of  the  patent;  but 
any  patent  which  is  now  alive  may  be  reissued  if  the  application 
is  filed  before  June  13,  1924.  This  provision  is  important, 
since  it  gives  a  patentee  whose  Canadian  patent  was  granted 
before  his  United  States  patent  an  opportunity  to  revise  the 
Canadian  patent  in  agreement  with  the  other  case  and  thus  in- 
corporate in  it  such  claims  as  have  stood  the  test  of  patent 
searches  in  this  country. 

Value  of  a  Canadian  Patent 

Canada  is  a  country  of  about  9,000,000  people  and  has  over 
40,000  miles  of  railroads.  In  many  industries  its  importance 
for  manufacturing  purposes  is  far  out  of  proportion  to  its  popula- 
tion, since  the  United  Kingdom  is  its  market.  The  decision, 
therefore,  whether  or  not  to  take  out  a  Canadian  patent  should 
be  made  only  after  considerable  study  into  the  advantages  of 
manufacturing  in  Canada,  or  of  licensing  a  Canadian  under  the 
patent,  as  well  as  the  particular  conditions  which  affect  the 
market  in  Canada  and  the  British  Empire. 

Since  the  patent  cannot  be  attacked  for  at  least  three  years, 
that  period  may  be  sufficient  for  one  to  get  his  market  established. 
If  an  application  is  filed  the  patentee  thereby  secures  a  period  of 
grace  within  whicli  he  may  decide  as  to  the  value  of  Canadian 
patent  protection.  He  can  then  take  his  time  in  analyzing  the 
problem  as  to  whether  he  will  manufacture  in  Canada,  grant 
licenses  or  merely  do  nothing  and  wait  until  the  patent  is  attacked 
before  taking  any  steps  to  work  the  patent.  The  last  course  is 
one  that  is  often  adopted  with  reference  to  British  patents. 
Undoubtedly,  a  Canadian  patent  is  worth  while  in  a  large  number 
of  cases. 


Personals 


Alan  R.  Albright  has  resigned  his  position  in  the  Jackson  Lab- 
oratory of  the  E.  I.  du  Pont  de  Nemours  &  Company  to  organize 
a  research  laboratory  for  Gumpert  &  Co.,  Brooklyn,  N.  Y. 

Raymond  F.  Bacon,  C.  H.  Kidwell,  and  Elizabeth  N.  Kidwell 
have  reorganized  the  firm  of  Kidwell  &  Bascom,  Inc.,  under 
the  name  of  Kidwell  &  Co.,  Inc.,  chemists  and  chemical  en- 
gineers. The  newly  elected  officers  of  the  company  are:  C.  H. 
Kidwell,  president  and  treasurer;  Raymond  F.  Bacon,  vice 
president;  Elizabeth  N.  Kidwell,  secretary.  The  company  will 
continue  its  research  and  consulting  business  at  its  office  and 
laboratory  at  27  Thames  St.,  New  York  City. 

Andrew  Balfour,  for  the  past  ten  years  director-in-chief  of  the 
Wellcome  Bureau  of  Scientific  Research,  London,  resigned  on 
October  31.  C.  M.  Wenyon,  who  for  the  past  nine  years  has 
been  director  of  research  in  the  tropics  at  the  Wellcome  Bureau 
of  Scientific  Research,  has  been  designated  as  his  successor. 

Joseph  S.  Bates,  formerly  manager  of  the  Research  Division 
of  the  Marcus  Hook,  Pa.,  plant  of  the  National  Aniline  & 
Chemical  Co.,  is  now  employed  by  the  Textile  Service  Co., 
Philadelphia,  Pa. 

Russell  W.  Brandt,  formerly  development  chemist  for  the 
U.  S.  Gypsum  Co.,  Fort  Dodge,  la.,  has  taken  charge  of 
the  chemical  work  of  the  General  Fireproofing  Co.,  Youngstown, 
Ohio. 

Samuel  Byall,  formerly  assistant  research  chemist  at  the  sugar 
mill  of  Penick  &  Ford,  Marrero,  La.,  has  resigned  to  become 
chief  chemist  of  the  International  Sugar  Feed  Co.,  Memphis, 
Tenn. 

P.  G.  Daschavsky,  senior  and  supervising  chemist  of  the  lab- 
oratories of  the  Cudahy  Co.,  Omaha,  Neb.,  has  found  it  necessary 
to  take  an  indefinite  leave  of  absence  on  account  of  continued 
ill  health. 

F.  S.  Dickson  has  resigned  his  position  as  assistant  to  the 
president  of  the  Synthetic  Organic  Chemical  Manufacturers 
Association,  New  York  City,  to  go  into  private  business. 

Richard  Fischer,  formerly  of  the  Chemistry  Department  of 
the  University  of  Illinois,  has  accepted  a  position  as  research 
chemist  at  the  laboratories  of  the  Combustion  Utilities  Corp., 
Long  Island  Citv.  N.  Y. 


H.  C.  Howard  has  been  appointed  assistant  professor  of  chem- 
istry in  the  Department  of  Chemistry,  University  of  Missouri. 
For  some  time  Dr.  Howard  has  been  research  chemist  on  the 
staff  of  the  B.  F.  Goodrich  Company. 

Karl  G.  Krech  has  recently  been  appointed  assistant  process 
superintendent  of  the  new  Parco  refinery  of  the  Producers  & 
Refiners  Corp.,  Parco,  Wyo. 

Max  Kuniansky,  formerly  analyst  for  the  American  Cast  Iron 
Pipe  Co.,  Birmingham,  Ala.,  has  accepted  a  position  as  chemist 
with  the  Lynchburg  Foundry  Co.,  Lynchburg,  Va. 

The  honorary  degree  of  doctor  of  science  was  conferred  by  the 
University  of  Liverpool  upon  G.  N.  Lewis,  professor  of  chemistry. 
University  of  California,  during  the  recent  meeting  of  the  British 
Association  for  the  Advancement  of  Science. 

James  W.  Martin  has  recently  resigned  from  the  employ  of  the 
Union  Carbide  &  Carbon  Chemical  Corporation  to  accept  an 
appointment  as  assistant  to  the  general  superintendent  of  the 
Jones  &  Laughlin  Steel  Corp.,  Woodlawn,  Pa. 

August  Merz,  of  Heller  &  Merz,  has  been  elected  chairman  of 
the  dyestufis  section  of  the  Synthetic  Organic  Chemical  Manu- 
facturers Association,  New  York  City,  to  fill  the  vacancy  caused 
by  the  death  of  Fred  E.  Signer. 

WilUam  B.  Plimimer,  formerly  research  chemist  for  the  Gras- 
selli  Chemical  Co.,  is  now  associated  in  the  same  capacity  with 
the  Combustion  Utihties  Corp.,  Long  Island  City,  N.  Y. 

L.  W.  Ryan,  who  for  the  past  nine  years  has  had  charge  of  the 
research  laboratory  of  the  Lindsay  Light  Co.,  Chicago,  is  now 
employed  as  research  chemist  for  the  Titanium  Pigment  Co., 
Niagara  Falls,  N.  Y. 

Otto  M.  Smith  has  accepted  the  position  of  professor  of  chem- 
istry at  the  Oklahoma  Agricultural  and  Mechanical  College, 
Stillwater,  Okla.  During  tlie  past  year  he  was  connected  with 
the  chemical  department  of  the  Iowa  State  College. 

Richard  Sneddon  has  left  the  employ  of  the  Dominion  Flour 
Mills,  Ltd.,  Montreal,  where  he  has  been  employed  as  chief 
chemist  for  the  past  two  years,  to  go  to  California  for  his  health. 
John  Miller,  formerly  chemist  for  the  Shelly  Bakeries,  Vancouver , 
B.  C,  has  been  designated  as  his  successor. 
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AMERICAN  CONTEMPORARIES 


John  Uri  Lloyd 


T^O  KNOW  a  man  you  must  see  him  at  his  work.  To  do  this 
■^  in  the  case  of  John  Uri  Lloyd  you  amble  down  a  quiet  side 
street  in  Cincinnati  and  find  the  pharmaceutical  manufacturing 
concern  of  Lloyd  Brothers — three  of  them, 
one  of  whom  seems  to  watch  over  the  more 
impractical  two,  a  second  who  is  constantly 
at  molds  and  never  at  business,  and  the 
third  who  is  the  subject  of  this  sketch. 
To  find  him,  you  enter  the  business  office 
where  fast  work  is  necessary  if  advance  is 
to  be  made.  Better  an  appointment  ahead 
or  else  some  twenty  voices  are  likely  to  carry 
the  information  that  the  "Professor,"  as 
he  is  rightly,  appreciatively,  and  aiTection- 
ately  called,  is  off  the  premises  with  no 
prospect  in  the  visitor's  life  of  return.  And 
when  a  man's  soul  is  in  the  spirit  world  i-, 
this  not  the  truth?  But  if  you  can  give  the 
right  sign — and  an  ability  to  discuss  mass 
action  is  a  better  one  than  salesmanship — a 
friendly  hand  from  a  brother,  a  secretary, 
or  a  production  manager  urges  you  through 
a  door.  You  choose  between  walking  up 
four  flights  or  taking  the  freight  elevator. 
Again  you  feel  lost  until  "Edee,"  who  is  at 
once  cheerful  presence,  technical  assistant, 
and  guardian  lion  to  the  Professor,  guides 
you  with  gentle  voice  through  dark  corridors  into  one  of  two  or 
three  cubicles,  immaculately  clean,  spotlessly  in  order,  and 
strictly  at  work.  And  here,  either  from  his  desk  or  from  over 
some  beakers  the  Doctor  of  Science,  honoris  causa,  or  the  "Em- 
piricist and  Irregular,"  as  he  calls  himself,  welcomes  you. 

I  do  not  remember  a  time  when,  either  alone  or  with  a  group  of 
scientific  friends,  there  was  not  in  his  first  words  a  note  of  appre- 
ciation for  their  endeavors — a  proof  at  once  of  his  first-hand 
knowledge  of  the  other  man's  life  and  the  catholicity  of  his 
thought,  for  politicians,  practical  men,  and  theorists  who  put 
the  modern  builders  of  the  atom  to  shame,  all  seek  him  out. 
Such  greeting  is  followed  by,  "May  I  tell  you  a  story?"  And 
then  some  pearl,  fitting  well  into  the  setting  of  the  moment,  is 
brought  forth  from  his  seventy-odd  years  of  oyster  life  which 
even  the  great  must  pass  through.  In  the  pause  which  fol- 
lows he  speaks  again:  "I  have  prepared  an  experiment  which 
I  should  like  to  show  you."  In  those  who  have  had  this  ex- 
perience several  times,  a  warm  rush  of  blood  to  the  head  is  the 
emotional  response  which  foretells  that  now  some  new  decoration 
will  be  knocked  oflf  their  scientific  gargoyle.  Do  you  hold  the 
Guldberg-Waage  law  all  sufficient;  is  the  "dew"  on  plants  a 
settled  question  for  you;  do  you  think  that  the  tincture  preparer 
of  1850  knew  everything;  is  your  view  of  solubility  a  crooked  one 
because  you  know  only  water;  is  water  itself  just  H2O  to  you; 
is  biology  and  undertaking  confused  in  your  mind ;  are  you  sure 
that  you  know  where  the  alkaloids  come  from;  do  you  know 
why  plants  are  green,  or  sometimes  red,  or  maybe  black;  or 
why  flowers  are  white  and  sometimes  yellow?  Answer  care- 
fully if  your  philosophy,  your  faith,  or  your  religion  are  built 
up  on  the  demonstrable  in  nature  and  not  upon  the  interpolated 
texts  of  our  scientific  cook-book  makers. 

As  you  wait  for  a  solution  to  filter,  your  eyes  wander  into  the 
background.     What    are    those    vials    labeled    a   to   d?     "Just 


John  Uri  Llov 


alkaloids  separated  from ."     And  what  are  those  labeled 

I  to  IX.     "Another   set   from ."     But   you   were   sure 

that  each  of  these  infernal  plants  contained  but  one  alkaloid. 
Quite  so,  but  here  are  the  rest.  And  knowing  that  fat  reputa- 
tions have  been  built  upon  the  discovery  of  just  one  alkaloid, 
you  ask  when  the  Professor  will  publish  his 
results.  "I  am  not  yoimg  any  more  and  a 
bit  tired.  Let  me  tell  you  about  them  and 
then  you  publish  the  facts."  You  see  on 
the  table  a  pot  of  tar-like  material.  And 
what  is  that?  "Just  the  muck  which  you 
'regulars'  think  it  well  to  carry  along  with 
the  bits  of  active  material  in  your  standard 
pharmaceuticals  and  which,  after  twenty 
years  of  work,  I  have  learned  to  get  out  by 
my  studies  of  differential  solubility."  You 
feel  that  you  have  heard  just  an  overtone 
of  bitterness  in  his  voice,  but  a  look  at  his 
face  seems  to  belie  your  impression. 

You  digress  from  the  material  of  the  dem- 
onstration to  its  philosophic  consequences, 
and  philosophic  consequences  join  quite 
naturally  to  the  business  of  life  itself.  Is 
science  a  cloak  to  you  which  may  be  put  on 
and  off  during  convenient  working  hours? 
If  so,  John  Uri  Lloyd  does  not  interest  you 
for  to  him  it  is  life  itself.  Do  you  find  her  a 
yoke  gladly  to  be  cast  aside  were  the  rewards 
of  labor  not  so  necessary?  Again  oiu^  man 
does  not  interest  you  for  he  follows  her  as  lovers,  romance;  and 
children,  the  rainbow.  Alkaloids  are  not  things  to  be  made  into 
medicine,  but  voices  which  speak  from  another  world.  To  be  a 
practical  man  of  chemistry  is  simply  to  ease  the  material  life  of 
a  fellow  that  he  may  enjoy  better  the  fruits  of  the  spirit. 

You  rise  to  go.  You  find  yoiu  way  out  as  you  came  in,  but 
you  are  not  as  conscious  as  you  were  of  the  externals.  You  are 
more  conscious  of  the  internals.  You  have  lost  something — 
some  of  your  scientific  prejudices,  some  of  your  party  adherences, 
some  of  your  reverences  for  mere  tradition.  Also  you  have 
gained  something — a  more  mobile  state  of  mind,  a  larger  toler- 
ance, an  increased  generosity.  And  you  are  conscious  that  this 
is  because  for  a  little  while  you  have  been  away  from  commis- 
sions, committees  and  boards,  from  diagrams,  formulas,  and 
fudge,  and  from  canned  efficiency,  officialism,  and  Main  Street, 
and  for  the  same  length  of  time  have  lived  in  the  presence  of  the 
one  thing  that  moves  our  universe,  an  individual  and  a  man 
who  is  as  good  a  picture  in  flesh  and  blood  of  what  science  stands 
for  as  may  be  found  in  the  day's  journey. 

Martin  H.  Fischer 


New  Tabular  Data 

The  Editorial  Office  of  International  Critical  Tables  has  just 
finished  the  preparation  of  a  table  of  the  viscosity  of  water  at 
1-degree  intervals  between  0°  and  100°  C.  This  table  is  based 
upon  a  very  thorough  and  critical  evaluation  of  all  the  data 
available  on  the  subject.  While  prepared  primarily  for  the  use 
of  Cooperating  Experts  of  International  Critical  Tables,  a 
number  of  extra  copies  are  available  for  distribution  at  5  cents 
(stamps)  each.  Copies  of  the  16-page  pamphlet,  entitled 
"Fundamental  Constants  and  Conversion  Factors,"  are  also 
available  at  25  cents  (stamps)  each.  This  pamphlet  contains 
the  latest  data  on  the  fimdamental  constants  of  nature,  including 
definitions,    dimensional   equations,    conversion    factors,    etc. 
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Meeting  of  American  Electrochemical 
Society 

T^WO  features  mark  the  forty-fourth  meeting  of  the  American 
Electrochemical  Society,  at  Dayton,  Ohio,  September 
27,  28,  and  29,  1923,  as  probably  the  most  important  meeting 
which  this  Society  has  held.  Round-table  discussions  of  four 
of  the  major  problems  of  the  electrochemist,  held  behind  virtually 
closed  doors,  at  which  all  interested  were  invited  to  discuss 
freely  and  openly  their  problems  and  results,  brought  out  an 
immense  store  of  information  and  opinion  with  direct  practical 
bearing  which  could  not  have  been  gotten  in  formal  papers. 
The  symposium  on  gaseous  conduction,  which  occupied  the 
entire  second  day  of  the  meeting,  brought  together  in  one  place 
practically  all  the  present-day  knowledge  of  this  subject  from 
both  physicists  and  physical  chemists. 

The  first  session  of  the  Society,  held  at  the  Hotel  Miami,  was 
devoted  to  the  address  of  welcome  by  Charles  H.  Paul, 
president  of  the  Engineers'  Club  of  Dayton,  and  to  the 
reading  and  discussion  of  si.x  papers.  Water-line  corrosion  was 
the  subject  of  a  paper  by  Kenneth  M.  Watson,  which  was  dis- 
cussed with  much  interest  from  the  floor.  M.  A.  Hunter  and 
A.  Jones  have  studied  the  reduction  by  sodium  of  various  rare 
metal  chlorides,  particularly  those  of  beryllium,  chromium, 
zirconium,  uranium,  and  vanadium,  and  suggested  that  this 
method  offers  a  possible  commercial  process  for  producing  these 
metals.  George  S.  Tilley  and  Oliver  C.  Ralston  followed  with 
a  discussion  of  electrometric  methods  of  following  hydrolytic 
reactions.  Three  papers  from  the  research  laboratory  of  the 
Westinghouse  Electric  &  Manufacturing  Company  dealt  with 
various  phases  of  insulating  and  impregnating  compounds  used 
as  insulators  and  the  effect  of  age  and  heating  on  these.  E.  J. 
Casselman  discussed  the  phenol-formaldehyde  group;  H.  C.  P. 
Weber,  the  varnish  group;  and  D.  E.  Howes,  various  impregnat- 
ing compounds. 

Luncheon  the  first  day  was  served  to  four  groups  at  the  Engi- 
neers' Club  and  was  followed  by  rouud-tal^Ie  discussions.  H. 
W.  Gillett,  of  the  Bureau  of  Mines,  presided  over  the  most  inter- 
esting discussion  of  the  group  considering  "Electric  Furnace 
Brass  Foundry  Practice."  This  group  consisted  of  representa- 
tives of  the  central  power  companies,  and  the  designers,  builders, 
and  users  of  electric  brass  furnaces.  Walter  Fraine  presided  over 
the  symposium  on  the  "Development  and  Future  of  Electro- 
deposition;"  T.  J.  Thatcher,  over  that  on  "Organic  Electro- 
chemistry;" and  A.  H.  Hooker,  over  that  on  the  "Utilization  of 
Chlorine."  These  round-table  discussions  were  so  successful 
that  they  will  be  made  a  regular  feature  of  the  Society's  meetings. 

Those  not  detained  by  the  round-table  discussions  were  the 
guests  of  the  local  committee  on  a  tour  of  inspection  of  McCook 
Field,  the  engineering  station  of  the  U.  S.  Army  Air  Service, 
and  of  the  Miami  Conservancy,  the  immense  project  which  has 
been  completed  with  the  idea  of  preventing  the  recurrence  of 
the  floods  which  formerly  caused  much  damage  to  the  district 
around  Dayton. 

Thursday  evening  was  devoted  to  a  picnic  dinner  and  smoker 
at  Triangle  Park.  The  feature  of  this  dinner  was  the  informal 
address  of  Chas.  F.  Kettering,  president  of  the  General  Motors 
Research  Corporation,  on  the  future  of  research.  In  a  most 
picturesque  way,  Mr.  Kettering  appealed  for  closer  cooperation 
between  the  workers  in  the  various  fields  of  science.  "What 
we  need,"  he  said,  "is  correlation  among  the  so-called  sciences. 


All  of  us  are  studying  merely  the  relations  of  mass  and  energy." 
His  plea  was  for  the  reduction  of  the  expression  of  results  to  com- 
monly understandable  terms,  rather  than  "the  foreign  languages" 
in  which  chemists,  physicists,  engineers,  astronomers,  and  so 
forth,  now  express  the  same  simple  relations.  He  was  quite 
vehement  in  his  protest  against  "recognized  authority,"  which 
he  said  did  not  exist,  and  stated  that  the  more  standardized  an 
industry  is  the  more  fertile  a  field  it  offers  for  research. 

Friday's  sessions  were  devoted  to  a  symposium  of  sixteen 
papers  on  the  various  aspects  of  gaseous  conduction,  under  the 
chairmanship  of  Duncan  MacRae.  Its  importance  can  hardly 
be  overestimated,  particularly  when  it  is  considered  that  papers 
from  Holland,  England,  Canada,  and  Germany  were  included. 
The  application  of  these  studies  to  the  X-ray,  radio,  and  the 
electric  lighting  and  electric  arc  industries  was  brought  out. 
H.  B.  Wahlin  brought  the  symposium  to  a  fitting  close  with  an 
experimental  address  on  recent  work  in  this  field. 

An  intensely  interesting  program  on  the  electrodeposition 
of  metals  occupied  the  session  of  Saturday  morning.  Papers 
from  the  Bureau  of  Standards,  University  of  Pennsylvania, 
Niagara  Electrochemical  Company,  Massachusetts  Institute  of 
Technology,  Columbia  University,  University  of  Wisconsin, 
and  the  Northampton  Polytechnic  Institute  of  London,  formed 
part  of  this  program 

The  spring  meeting  of  the  Society  will  be  held  at  the  Bellevoie- 
Stratford,  Philadelphia,  Pa.,  AprU  24,  25,  and  26,  1924.  The 
subjects  to  be  discussed  will  include  electric  furnaces,  recent 
progress  in  electrodeposition,  and  organic  electrochemistry. 
Round-table  discussions  will  be  held  as  at  the  Dayton  meeting. 


Societies  Elect  Officers 

At  the  annual  meeting  of  the  Technical  Photographic  and 
Microscopical  Society,  held  at  Grand  Central  Palace,  New  York 
City,  September  21,  1923,  the  following  officers  were  elected: 

President:  Emile  M.  Chamot 

Vice  Presidents:    Frank  V.  Chambers,  Henry  Green,  and  Arthur 
W.  Carpenter 

Secretary-Treasurer:  Alfred  B.  Hitchins 

Executive  Committee:    Officers,  and  F.  F.  Renwick  and  Lloyd  I.  Snod- 

GRASS 


George  K.  Burgess,  director  of  the  Bureau  of  Standards,  was 
elected  president  of  the  American  Society  of  Steel  Treating  at 
the  association's  annual  convention.  The  other  officers  named 
were:  vice  president,  R.  M.  Bird;  treasurer,  Zay  Jeffries;  and 
director,  J.  F.  Harper. 


Calendar  of  Meetings 


American  Mining  Congress — New  York  City,  November  5  to  10, 
1923. 

Association  of  Official  Agricultural  Chemists — 39th  Annual 
Convention,  Washington,  D.  C,  November  19  to  21,  1923. 

American  Institute  of  Chemical  Engineers — Winter  Meeting, 
Washington,  D.  C  ,  December  5  to  8,  1923. 

American  Electrochemical  Society — Spring  Meeting,  Philadel- 
phia, Pa.,  April  24  to  26,  1924. 

American  Chemical  Society — 67th  Meeting,  Washington,  D.  C, 
April  21  to  25,  1924. 
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NOTES  AND  CORRESPONDENCE 


Sell  Chemistry  to  America 

Many  chemists  and  physicists  bewail  the  fact  that  their  con- 
tributions to  progress  are  neither  understood  nor  appreciated 
and  that  their  status  in  the  mind  of  the  general  public  is  a  lowly 
one. 

At  the  third  annual  dinner  of  the  Salesmen's  Association  of 
the  American  Chemical  Industry,  Charles  H.  Herty,  president 
of  Synthetic  Organic  Chemical  Manufacturers  Association, 
remarked  that  his  hearers  carried  the  chemical  industry  in 
their  grips  and  urged  them  to  sell  it  to  America.  Every  sales- 
man knows  that  it  is  easier  to  sell  an  article  that  has  been  well 
advertised  than  one  that  has  had  little  or  no  publicity.  At  the 
same  function  Edgar  Fahs  Smith,  provost  emeritus  of  the  Uni- 
versity of  Pennsylvania,  the  guest  of  the  evening,  urged  the 
recognition  of  chemistry's  claim  as  "the  most  human  science," 
one  that  served  each  and  every  one  in  countless  ways  every  day. 

For  the  lack  of  recognition  accorded  chemical  industry  the 
chemist  himself  is  largely  to  blame  because  he  has  failed  to 
advertise  the  service  he  renders.  When  you  meet  a  man  who 
says  he  is  a  civil  engineer,  at  once  you  visualize  the  one  who 
builds  roads  through  forests,  spans  rivers,  and  tunnels  mountains. 
Parallel  concepts  arise  when  you  meet  the  mechanical,  electrical, 
or  mining  engineer.  Those  in  other  professions — doctors, 
lawyers,  architects — all  occupy  positions  of  esteem  in  the  mind 
of  the  public  they  serve,  because  every  day  that  public  sees 
examples  of  their  products  and  knows  them  for  what  they  are. 
But  when  Mr.  Average  Citizen  meets  one  who  styles  himself 
chemist  he  pictures  a  pill-roller,  or,  ascending  the  scale  of  his 
imagination,  one  who  can  tell  him  how  to  detect  wood  alcohol 
in   the  bootleg  he  buys. 

The  chemist  and  physicist  bewail  the  fact  that  they  are  not 
accorded  the  respect  that  is  justly  merited  through  their  services 
to  American  industry,  and  yet  make  no  well-directed  or  con- 
certed effort  to  establish  the  status  they  claim  in  the  public 
mind.  Every  one  knows  that  Gustav  Lindenthal  conceived 
Hell  Gate  Bridge,  Cass  Gilbert  the  Woolworth  Building,  and 
A.  J.  Cassatt  the  Pennsylvania  Tubes  and  Terminal,  but  how 
many  know  a  single  name  of  the  many  chemists  and  physicists, 
who,  by  long  painstaking  research,  produced  steel  and  cement 
of  a  quality  that  made  possible  those  monumental  achievements. 
The  pubhc  accepts  as  a  matter  of  course  that  its  supplies  of  milk 
and  water  shall  be  pure  and  wholesome,  that  its  foods  shall  be 
unadulterated  and  nourishing — what  chemist  has  ever  tried 
to  advertise  the  service  his  science  renders  here?  Metropolitan 
life  as  it  exists  today  could  not  have  been  evolved  had  it  not  been 
for  the  services  rendered  by  our  chemists  and  physicists  which 
alone  have  made  possible  the  type  of  buildings  in  which  we  live 
and  work,  the  kind  of  clothes  we  wear,  and  even  modern  systems 
of  transportation  and  communication — and  yet,  relatively  few 
people  realize  these  facts.  The  day  should  not  be  very  far  dis- 
tant when  every  industrial  exposition  held  in  this  country  should 
have  an  American  Chemicvl  Society  booth,  wherein  will  be 
shown,  in  a  manner  calculated  to  win  popular  attention,  the 
principal  contributions  of  chemistry  and  physics  to  the  science, 
art  or  business  whose  interests  are  being  served  by  that  par- 
ticular exhibition. 

Although  chemistry  and  physics  are  fundamental  sciences 
and  are  employed  in  every  industry,  their  importance  is  not 
grasped  because  their  influence  on  ultimate  products  is  obscure. 
This  is  particularly  true  if  the  final  product  happens  to  be  one 
■of  an  art  or  science  which  because  of  its  very  limitations  can  be 


clearly  defined.  In  order  to  demonstrate  the  full  measure  of 
service  that  chemistry  renders,  one  would  have  to  show  a  cross 
section  of  all  industry,  a  task  manifestly  impossible.  On  the 
other  hand,  it  would  seem  practicable,  if  the  physicists,  chemists, 
and  chemical  engineers  are  really  desirous  of  establishing  them- 
selves on  a  higher  plane  in  public  esteem,  to  assemble  an  exhi- 
bition or  exposition  of  great  popular  appeal  which  would  have 
a  high  educational  value  and,  in  addition,  be  an  inspiration  to 
all  scientists.  Especially  would  such  an  exposition  be  prac- 
ticable were  cooperation  assured  by  all  those  engaged  in  indus- 
tries that  owe  their  existence  to  physicists  and  chemists. 

There  is  hardly  a  single  phase  of  American  industrial  or  com- 
mercial activity  which  does  not  have  its  association.  The 
Department  of  Commerce  in  "Commercial  and  Industrial 
Organizations  of  the  United  States"  arranges  the  national  and 
international  organizations  listed  under  one  or  another  of  seventy- 
one  classifications.  To  research  and  development  in  chemistry 
and  physics  at  least  one-half  of  the  industries  so  classified  owe, 
if  not  their  very  existence,  a  large  measure  of  the  knowledge  that 
makes  them  preeminent.  There  are  no  less  than  one  hundred 
and  nine  societies  or  associations  in  the  United  States  repre- 
senting industries  that  are  the  product  of  the  science  of  chem- 
istry alone.  Through  the  influence  of  chemists  who  are  members 
of  these  organizations  it  should  be  possible  to  bring  them  all 
together  for  united  effort  in  assembling  an  exposition  such  as  is 
suggested.  Among  these  organizations  there  are  widely  di- 
vergent interests  and  aims,  but  fundamentally  all  aie  the  children 
of  the  science  of  chemistry.  Probably  the  most  logical  body  to 
take  such  a  project  in  charge  and  to  bring  together  all  the  differ- 
ent interests  would  be  the  Section  of  Chemical  Education  of 
the  American  Chemical  Society. 

There  has  been  some  criticism  of  the  Ninth  National  Exposi- 
tion of  Chemical  Industries,  because  it  had  little  popular  appeal 
and  so  enhanced  the  importance  of  the  chemist  but  little 
in  popular  estimation.  The  critics  lose  sight  of  the  fact  that 
the  exposition  was  made  possible  in  large  part  by  those  desirous 
of  establishing  contact  with  prospective  customers  and  that  this 
purpose  was  served  to  the  satisfaction  of  those  most  interested. 

Consider  the  facts,  because  with  facts  before  one,  most  prob- 
lems answer  themselves.  If,  as  some  critics  contend,  the  chemist 
and  the  physicist  are  rated  unfairly  in  popular  esteem,  is  it 
because  a  perverse  public  refuses  credit  where  credit  is  due, 
or,  as  seems  more  probable,  because  the  exponents  and  prac- 
titioners of  the  twin  sciences  have  encased  themselves  in  cocoons 
of  hieroglyph  instead  of  spreading  clear  webs  of  expression  to 
catch  the  popular  imagination?  When  once  the  facts  are  under- 
stood and  a  sincere  desire  is  awakened  in  each  and  every  one 
concerned  to  correct  the  condition,  then  many  opportunities 
will  be  found  to  establish  the  physicist  and  chemist  on  the  plane 
to  which  thev  are  entitled. 


Paul  Mc  Michael 


New  York  City 
October  15,  1923 


The  Fourth  International  Congress  of  Chem- 
istry— Correction 

In  the  article  under  this  title  [This  Journal,  15,  1083  (1923)] 
under  Section  VIII,  the  conversion  factor  should  read:    1  calorie 

15°  C.  =  4.184  joules. 
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Determination  of  Ash,  Arsenic,  Cop- 
per, and  Zinc  in  Gelatin 

Editor  of  Industrial  and  Engineering  Chemistry: 

We  have  read  with  much  interest,  the  article  of  Roger  M. 
Mehurin,  entitled  "Determination  of  Ash,  Arsenic,  Copper,  and 
Zinc  in  Gelatin"  [This  Journal,  15, 942  (1923)  ].  As  a  result  of 
the  analyses  in  our  laboratories  of  some  ten  thousand  samples  of 
gelatin  during  the  past  fifteen  years,  we  do  not  feel  that  the  con- 
clusions of  the  author  of  the  above-mentioned  article  are  war- 
ranted. 

In  the  first  instance,  the  amount  of  sample  to  be  taken  for 
analysis  as  recommended  by  Mr.  Mehurin — namely,  10  grams — 
is  entirely  inadequate  for  the  accurate  determination  of  the 
minute  amounts  of  copper  and  zinc  present  in  most  samples  on 
gelatin;  and  in  many  cases  this  also  applies  to  the  determination 
of  arsenic.  It  follows,  then,  that  on  a  suitably  large  sample, 
50  to  100  grams,  the  ashing  procedure  is  impractical.  We  have 
found  from  our  experience  that  the  methods  as  outlined  by  the 
Association  of  Official  Agricultural  Chemists,  in  /.  Assoc.  Offi- 
cial Agr.  Chem..  5,  343  (1922),  and  revised  to  date  by  Claude  R. 
Smith,  of  the  Bureau  of  Chemistry,  offer  a  simple,  reliable,  and 
accurate  method  of  procedure  for  the  determination  of  the 
above-mentioned  impurities. 

We  have  found  that,  if  ordinary  care  in  manipulation  and  proper 
technic  are  used,  there  is  never  any  difficulty  experienced  in  the 
saturation  of  the  solution  with  hydrogen  sulfide  nor  in  its  sub- 
sequent filtration. 

Referring  to  the  statement  in  the  article  by  Mr.  Mehurin,  that 
"the  determination  of  copper  by  titration  with  sodium  thiosulfate 
is  open  to  a  considerable  error  because  of  the  difficulty  in  ob- 
taining a  definite  end  point  when  small  amounts  of  copper  are 
titrated,"  we  do  not  agree  with  the  author  in  this  respect.  This 
objection  has  often  been  raised  in  our  experience,  and  we  have 
always  been  able  to  demonstrate  that  with  proper  technic  it 
is  possible  to  obtain  end  points  which  are  sharp  and  remain 
so  for  half  an  hour  or  more.  Furthermore,  numerous  blank  and 
check  determinations  have  shown  conclusively  that  the  method 
can  be  relied  upon  to  give  accurate  results. 

We  have  no  criticism  to  make  of  the  method  for  the  determina- 
tion of  arsenic  given  by  Mr.  Mehurin,  as  we  do  not  feel  that 
there  is  any  very  essential  difference  between  it  and  the  A.  O.  A.  C. 
method. 

Irving  Hochstadter 

hochstadter  laboratories 

New  York  Citv 

September  12,  1923 


Editor  of  Industrial  and  Engineering  Chemistry: 

Referring  to  Mr.  Hochstadter's  letter  of  September  12,  pub- 
lished above,  it  will  be  noted  that  a  20  to  40-gram  sample  of  gel- 
atin, and  not  10  grams,  is  specified  for  the  determination  of  copper 
and  zinc.  In  the  tentative  A.  O.  A.  C.  method  referred  to  by 
Mr.  Hochstadter,  and  of  which  he  approves,  practically  the  same 
range  of  sample  is  used — namely,  20  to  50  grams — and  in  the 
Hertwig  method  [/.  Assoc.  Official  Agr.  Chem.,  7,  41  (1923)] 
a  20 -gram  sample  is  specified.  No  such  range  of  sample  as  50  to 
100  grams  is  mentioned  in  any  method  for  the  analysis  of  gelatin 
and  glue  that  has  come  to  the  attention  of  the  writer.  Since  the 
metals  are  usually  in  solution  with  the  gelatin  during  manufacture, 
they  are  uniformly  distributed  in  the  finished  product  and  there- 
fore as  little  as  20  grams  of  the  mixed  sample  will  usually  be 
found  sufficient. 

A  perfect  ash  will  be  obtained  if  the  directions  are  followed, 
and  as  many  as  twenty  samples  can  be  added  directly  to  a  fur- 
nace 4  X  O'/i  X  16  inches  without  previous  charring  and  without 


requiring  any  attention  whatever  during  the  ashing  process. 
From  this  point  it  has  been  the  experience  of  the  writer  that  an 
appreciable  time  is  saved  in  handling  small  volumes  of  solution 
containing  small  amounts  of  inorganic  salts  rather  than  large 
volumes  containing  large  amounts  of  organic  material. 

In  regard  to  the  copper  determination,  the  writer  has  often 
experienced  difficulty,  as  have  others,  in  obtaining  a  definite  end 
point  when  titrating  very  small  amounts  of  copper  with  thio- 
sulfate, and  has  obtained  much  more  uniform  results  with  the 
colorimetric  method. 

In  conclusion,  it  may  be  stated  that  the  method  was  not  offered 
with  any  intention  of  supplanting  or  criticizing  the  accuracy  of  the 
tentative  A.  O.  A.  C.  method  (with  the  possible  exception  of 
the  above-mentioned  copper  titration),  but  merely  with  the 
thought  that  it  would  be  found  to  be  less  time-consuming  in  cases 
where  it  is  necessary  to  analyze  a  large  number  of  samples  si- 
multaneously. In  this  connection  it  may  be  mentioned  that  this 
method  has  been  employed  for  some  time  past,  in  preference  to 
all  others,  by  the  laboratory  of  one  of  the  largest  gelatin  and  glue 
works  in  the  country. 

R.  M.  Mehurin 

Bureau  of  Animal  Industry 
Washington,  D.  C. 
September  17,  1923 


New  Treatment  for  Gasoline 

In  his  address  before  the  Mid-West  Section  of  the  Society  of 
Automotive  Engineers  in  Chicago,  October  12,  C.  F.  Kettering, 
president  of  the  General  Motors  Chemical  Company,  announced 
that  this  company  and  the  Standard  Oil  Company  (Indiana) 
had  entered  into  a  contract  for  the  distribution  of  ethyl  fluid. 

Ethyl  fluid  is  the  new  addition  agent  for  gasoline,  and  has  the 
effect  of  increasing  engine  efficiency  and  taking  the  knock  out  of 
an  engine,  no  matter  under  what  conditions  or  load  an  automobile 
is  driven.  It  is  the  result  of  several  years'  research  and  test  at 
the  laboratories  of  the  General  Motors  Research  Corporation  in 
Dayton,  and  has  met  with  enthusiastic  reception  from  motorists 
in  Dayton  and  in  Cincinnati,  Ohio,  where  it  has  been  placed  on 
sale  at  a  few  stations. 

Gasoline  treated  with  ethyl  fluid  has  a  characteristic  light  wine 
color,  which  distinguishes  it  from  other  automobile  fuels. 

Distribution  by  the  Standard  Oil  Company  (Indiana)  will  cover 
the  States  of  Indiana,  Michigan,  Illinois,  Minnesota,  Wisconsin, 
Iowa,  Missouri,  Kansas,  South  Dakota,  and  North  Dakota  as 
soon  as  installation  can  be  made.  The  southern  part  of  the  dis- 
tributing territory  is  being  equipped  this  winter  and  the  northern 
part  will  be  equipped  as  early  as  possible  in  the  spring,  in  order 
that  motorists  may  be  supplied  when  the  1924  motoring  season 
opens.  It  is  believed  that  all  the  Indiana  company  service  sta- 
tions will  be  open  and  ready  to  supply  the  treated  fuel  by  July  1, 
1924. 


Dictionary  of  Specifications 

The  work  which  the  Bureau  of  Standards  is  carrying  out  on  a 
dictionary  of  specifications  has  made  good  progress.  During 
the  past  month  existing  specifications  have  been  collected  from 
more  than  75  per  cent  of  the  important  national  technical  so- 
cieties, trade  associations,  and  governmental  publishing  agencies 
that  have  issued  specifications.  Leaving  out  all  duplications, 
it  would  appear  that  about  5000  specifications  are  available  from 
these  sources.  However,  not  all  of  these  specifications  can  proff 
eriy  be  classed  as  related  to  commodities  purcha.sed  by  the  Fed- 
eral, State,  and  Municipal  Governments  and  public  institutions. 
It  is  believed  that  about  20,000  commodities  do  come  within 
this  class  and  of  these  more  than  75  per  cent  of  all  commodities 
purchased  for  Government  consumption  are  not  covered  by 
available  specifications. 

Work  is  being  expedited  on  the  collection  of  existing  speci- 
fications with  the  object  of  making  the  collection  as  complete  as 
possible  so  that  the  first  step  in  the  preparation  of  the  dictionary, 
the  issuance  of  a  classified  hst  of  existing  specifications,  may  soon 
be  taken.  This  will  be  of  considerable  service  to  all  agencies 
interested  in  this  subject,  and  with  the  cooperation  of  the  ad- 
visory board  will  be  used  as  the  basis  for  selection  of  specifications. 
for  inclusion  in  the  dictionary. 
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WASHINGTON  NOTES 


Keen  Interest  in  Chemistry 

If  the  first  meeting  of  the  Local  Section,  which  was  held  at  the 
Cosmos  Club  on  the  evening  of  October  11,  can  be  taken  as  a 
criterion  of  what  is  to  follow,  the  coming  winter  may  easily 
become  a  record  one  so  far  as  things  chemical  are  concerned. 
Over  one  hundred  and  sixty  chemists  were  present,  thus  making 
the  meeting  one  of  the  best  attended  in  the  history  of  the  section. 
E.  W.  Washburn  was  the  speaker  of  the  evening,  lecturing  on 
"Physical  Chemistry  and  Ceramics."  After  his  address  the 
meeting  was  turned  into  an  informal  reception  to  the  following 
prominent  chemists  who  have  recently  cast  their  lot  with  us: 
C.  A.  Browne,  newly  appointed  Chief  of  the  Bureau  of  Chem- 
istry; George  L.  Coyle,  who  has  come  to  Washington  to  head 
the  Chemical  Department  at  Georgetown  University;  S.  C. 
Lind,  chief  chemist  of  the  Bureau  of  Mines;  J.  E.  Zanetti, 
chief  of  the  Division  of  Chemistry  and  Chemical  Technology  of 
the  National  Research  Council;  and  C.  S.  Hudson,  who  has 
returned  to  Washington  after  an  absence  of  several  years  and  is 
now  connected   with   the   Bureau  of  Standards. 

As  a  further  evidence  of  the  steadily  growing  interest  in  chem- 
istry, may  be  mentioned  the  following  addresses  before  the 
Women's  City  Club  on  the  evening  of  October  10:  "The  Ro- 
mance of  Chemistry,"  by  H.  E.  Howe;  "The  Chemistry  of  Food," 
by  W.  W.  Skinner;  and  "Chemistry  in  Business,"  by  F.  B.  Gorin. 
Again,  on  the  evening  of  October  17,  L.  I.  Shaw,  of  the  Bureau 
of  Mines,  addressed  the  Piney  Branch  Citizens  Association, 
choosing  "Helium"  as  his  subject. 

AivCOHOL  Trades  Advisory  Committee  Issues  Report 

The  proposal  to  create  a  separate  bureau  of  government  for 
the  enforcement  of  prohibition,  independent  of  departmental 
control  and  answerable  only  to  the  President,  is  condemned  in  a 
report  submitted  to  the  Bureau  of  Internal  Revenue  by  its 
Alcohol  Trades  Advisory  Committee,  composed  of  eleven  repre- 
sentatives of  scientific  societies  and  industries  in  which  alcohol 
is  an  indispensable  chemical  raw  material.  The  committee 
claims  that  such  a  procedure  would  be  contrary  to  long-estab- 
lished practice  under  our  system  of  government  and  that  it 
would  seriously  handicap  scientific  research  and  lawful  industry. 
The  committee  showed  that  a  similar  scheme  was  incorporated 
in  the  Ernst-Wood  Bill  (H.  R.  12035-S.  3713),  introduced  in 
the  last  Congress,  which  was  opposed  by  all  scientific  bodies  and 
legitimate  trades  and  failed  to  be  even  reported  by  the  House 
Judiciary  Committee  after  an  open  hearing.  They  add  that 
"the  proponents  of  such  a  bureaucracy  may  be  assured  that  it 
will  be  opposed  with  every  ounce  of  energy  that  can  be  put 
forward  by  those  engaged  in  lawful  professions  and  businesses 
in  which  the  chemical  alcohol  is  required  and  used." 

The  report  points  out  that  in  the  World  War  the  production 
of  nonbeverage  alcohol  was  rated  as  one  of  the  nation's  "key 
industries"  and  "is  admittedly  a  basic  chemical  essential  to  our 
national  defense,  industrial  and  economic  development,  and  even 
to  the  advancement  of  civilization  itself."  A  comprehensive 
chart  and  other  data  showing  the  innumerable  scientific  and 
industrial  uses  of  alcohol  are  appended  to  the  report.  It  asks 
"from  where  is  the  essential  future  supply  of  alcohol  for  govern- 
mental, industrial,  and  scientific  purposes  to  come?  Under 
present  conditions  of  prohibition  law  enforcement  we  have  real 
cause  to  be  concerned." 

The  committee  characterizes  the  attacks  upon  the  Secretary  of 
the  Treasury  and  the  Commissioner  of  Internal  Revenue  as 
being  as  unfair  as  unwarranted,  both  of  those  officials  having  but 
properly  and  justly  exercised  their  statutory  right  of  review. 
It  states  that  the  action  of  the  Government  in  ijlacing  in  the  hands 
of  a  Prohibition  Commissioner  without  essential  technical  and 
economic  training  the  duties  of  carrying  out  the  Congressional 
mandate  to  promote  the  use  of  alcohol  in  scientific  research 
and  development  of  lawful  industries,  was  illegal  by  implication, 
illogical  by  any  method  of  sound  reasoning,  economically  im- 
practicable, and  should  be  forthwith  corrected.  The  committee 
recommends  that  the  Commissioner  of  Internal  Revenue  desig- 
nate a  deputy  commissioner  or  appoint  an  industrial  alcohol 
commissioner  to  take  over  the  administration  of  that  phase  of 
the  law.  In  this  way,  they  claim,  efficient  and  scientific  ad- 
ministration would  be  assured  and  at  the  same  time  the  Prohi- 
bition Commissioner  would  be  relieved  from  routine  work  in- 
cidental to  serving  legitimate  industry  and  could  devote  the 


necessary  time  to  his  logical  police  duties.  The  committee 
states,  "we  yield  to  no  one  in  our  adherence  to  the  principle  of 
law  enforcement,  but  surely  the  National  Prohil>ition  Act  can 
be  so  administered  as  not  to  interfere  with  the  health,  economic 
needs,  and  the  national  defense  of  the  country." 

Tariff  Commission  Hearings 

Final  argument  on  the  application  of  coated  paper  manufac- 
turers for  a  50  per  cent  reduction  in  the  present  duty  of  2.5  cents 
per  pound  on  casein  was  heard  on  September  25.  Henry  A. 
Wise  appeared  as  counsel  for  the  consumers  of  between  75  and 
85  per  cent  of  the  casein  used  in  this  country,  and  argued  for  a 
lower  tariff  rate,  declaring  that  casein  was  absolutely  necessary 
to  the  coated  paper  industry  since  domestic  production  had  never 
been  adequate. 

The  hearing  on  rare  sugars  and  amino  acids,  scheduled  for 
September  27,  was  adjourned  because  no  witnesses  appeared. 

On  October  6  final  arguments  were  presented  for  an  increase 
of  50  per  cent  in  the  duty  of  3  cents  per  pound  on  sodium  nitrite. 
No  facts  relative  to  costs  of  production  were  presented,  but  the 
greater  part  of  the  time  was  consumed  by  an  argument  by  former 
Senator  McCumber,  attorney  for  the  American  Nitrogen  Prod- 
ucts Company,  and  joint  author  with  former  Representative 
Fordncy  of  the  1922  'Tariff  Act,  on  the  procedure  to  be  followed 
by  the  Tariff  Commission.  Mr.  McCumber  argued  that  the 
commission  has  no  authority  to  recommend  conclusions  to  the 
President,  but  must  confine  its  duties  to  investigations  and  the 
submission  of  reports  based  on  field  work  and  hearings;  that  the 
President  is  not  bound  to  accept  the  findings  of  the  commission, 
but  may  call  upon  any  other  agency  for  additional  reports  or 
advice;  and  that  witnesses  at  public  hearings  should  not  be  cross- 
examined  by  any  one  except  the  commissioners. 

Other  hearings  of  interest  to  chemists  and  thus  far  announced 
by  the  commission  are:  Oxalic  acid,  November  5;  diethylbarbi- 
turic  acid  and  its  derivatives,  November  7;  barium  dioxide, 
November  9;  logwood  extract,  November  12;  potassium  chlorate, 
November  14;  and  .sugar,  January  15,  1924.  In  connection  with 
the  last-named  hearing,  the  commission  has  announced  a  new 
policy  in  that  on  or  about  December  1  it  will  make  available  to 
interested  parties  a  statement  of  the  data  secured  on  costs  of 
production  in  the  pending  sugar  investigation,  as  well  as  a  state- 
ment of  basic  points  and  problems,  as,  for  instance,  the  rate  of 
interest  allowed  by  the  commission,  depreciation  allowances,  etc. 

Forest  Service  Expands 

Two  new  experiment  stations  have  been  established  under 
the  provisions  of  the  appropriations  for  the  Forest  Service  made 
at  the  last  session  of  Congress.  One  of  these,  the  Northeastern 
Experiment  Station,  will  have  headquarters  at  Amherst,  Mass., 
and  operate  in  conjunction  with  the  Massachusetts  Agricultural 
College.  The  other  one,  the  Lake  States  Forest  Experiment 
Station,  will  have  its  headquarters  at  St.  Paul,  Minn.,  under  a 
cooperative  arrangement  with  the  Minnesota  Agricultural  Col- 
lege. "The  establishment  of  these  stations  is  in  conformity  with 
the  program  of  the  Department  of  Agriculture  whereby  each 
important  forest  region  will  be  supplied  with  a  station  to  handle 
local  forest  problems.  It  is  expected  that  the  forest  experiment 
stations  will  aid  the  progress  of  forestry  as  much  as  the  agricul- 
tural experiment  stations  have  aided  the  progress  of  agriculture. 
S.  T.  Dana,  formerly  Forest  Commissioner  of  Maine,  has  been 
appointed  director  of  the  Northeastern  Station,  and  Walter  H. 
Meyer,  assistant.  Raphael  Zon  will  be  the  director  of  the  Lake 
States  Station. 
National  Research  Council  Endorses  Prize  Essay  Contest 

The  Interim  Committee  of  the  National  Research  Council  at 
its  meeting  on  October  17  adopted  the  following  resolution  upon 
recommendation  from  the  Division  of  Chemistry  and  Chemical 
Technology : 

Whereas,  The  encouragement  of  the  study  of  chemistry  among  high 
school  students  is  of  great  importance  in  stimulating  scientific  interest  among 
the  generation  which  will  later  supply  research  workers  in  science,  therefore, 
be  it 

Resolved,  That  the  National  Research  Council  considers  the  purpose 
of  the  Prize  Essay  Contest  established  by  the  American  Chemical  Society 
under  the  grant  made  by  Mr.  and  Mrs.  Francis  P.  Garvan  as  worthy  of  en- 
couragement and  approval. 


November,  1923 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


1199 


Enforcement  of  the  Naval  Stores  Act 
The  Bureau  of  Chemistry  has  distributed  to  the  trade  press, 
producers,  factors,  dealers,  and  users  of  turpentine  and  rosin, 
a  tentative  draft  of  proposed  regulations  for  the  enforcement  of 
the  Naval  Stores  Act  of  Klarch  3,  1923.  Twenty  such  regulations 
have  been  drafted  and  they  are  submitted  for  consideration  and 
to  permit  those  who  desire  to  offer  suggestions  for  amendment. 
Suggestions  for  amendment  or  requests  for  further  information 
should  be  addressed  to  the  Acting  Chief  of  the  Bureau  of  Chem- 
istry, Washington,  D.  C. 

Should  the  suggestions  for  amendment  warrant,  a  date  will  be 
set  for  a  public  hearing  at  which  any  interested  party  will  have  an 
opportunity  to  advance  arguments  for  proposed  changes.  Should 
no  material  amendments  be  suggested,  however,  it  is  probable 
that  the  regulations  will  be  issued  in  approximately  their  present 
form,  if  and  when  approved  by  the  Secretary  of  Agriculture. 
Meanwhile,  the  Bureau  of  Chemistry  is  carrying  on  naval 
stores  demonstration  work  in  the  South.  The  purpose  of  this 
work  is  to  ofler  to  individual  producers  of  rosin  and  turpentine. 


through  visits  to  stills  by  a  practical  operator  of  good  judgment, 
information  as  to  the  most  practicable  and  profitable  methods 
for  the  production  of  naval  stores,  and  to  aid  them  in  .solving  tech- 
nical problems  involved  in  the  manufacture  of  these  commodities. 
It  is  believed  that  this  work  will  aid  the  producers  in  complying 
with  the  act. 

Forestry  Advisory  Committee 

Twenty  leaders  in  the  American  pulp  and  paper  industry  have 
been  asked  by  Secretary  of  Agriculture  Wallace  to  form  an 
advisory  committee  to  work  with  the  Department  of  Agriculture 
in  formulating  and  carrying  out  its  forestry  policies  which  relate 
to  the  supply  and  use  of  timber  in  making  paper  and  kindred 
products.  It  is  thought  that  the  creation  of  an  advisory  com- 
mittee of  men  intimately  concerned  with  the  pulp  and  paper 
industry  will  be  beneficial  in  dealing  in  a  searching  way  with  the 
fundamental  problems  of  the  industry. 


PARIS  LETTER 


By  Charlbs  Lorhand,  4  Avenue  de  rObservatoire,  Paris,  France 


Effect  of  Japanese  Earthquake 

The  earthquake  which  devastated  Japan  has  affected  the 
market  of  chemicals  in  France.  In  the  days  which  followed 
the  announcement  of  the  catastrophe,  camphor,  menthol,  and  oil 
of  peppermint  doubled  in  price.  The  celluloid  industries  were 
afraid  that  they  would  not  be  able  to  supply  themselves,  and 
the  synthetic  camphor  factories,  which  are  rivals  of  those  of 
natural  camphor,  considered  equipping  themselves  to  increase 
their  production. 

When  more  circumstantial  evidence  was  obtained,  it  was  per- 
ceived that  speculation  alone  had  caused  the  rise  in  price  since 
the  camphor  plantations  are  in  Formosa  and  the  market  center  at 
Kobe,  far  enough  away  from  the  stricken  region  so  that  the  pro- 
duction of  camphor  could  not  be  injured. 

National  Fuel 

The  decree  obliging  importers  of  oil  to  buy  a  corresponding 
amount  of  alcohol  to  constitute  the  national  fuel  is  being  vigor- 
ously enforced.  It  has  been  decided  that  in  the  interests  of  the 
development  of  the  consumption  of  the  national  fuel,  absolute 
freedom  as  to  the  price  of  oil  and  alcohol  would  be  given  to  the 
manufacturers  and  importers.  Contrary  to  expectations  the 
minimum  selling  price  has  not  been  regulated. 

In  connection  with  this  question  of  national  fuel,  it  has  been 
necessary  to  study  the  means  of  preservation  of  the  alcohol  or 
the  alcohol-oil  mixture.  Preservation  in  tanks  of  great  volume 
necessitate  the  dehydration  of  the  air  in  the  tanks.  In  fact,  in 
damp  climates  atmosphere  saturated  with  water  vapor  soon  in- 
creases the  water  in  the  alcohol-oil  mixture.  The  variations  of 
temperature  of  this  more  or  less  humid  air  change  the  proportion 
of  concentration  of  the  alcohol  or  the  stability  of  the  alcohol-oil 
mixture. 

To  solve  this  problem,  M.  Dumanois  proposes  the  addition  of  a 
small  auxiliary  reservoir  to  the  large  storage  reser\-oir.  This 
reservoir  contains  a  large  number  of  baffles  and  is  filled  with  al- 
cohol at  95°  C.  All  the  manipulations  of  the  liquid  in  the  reser- 
voir cause  the  air  to  enter  or  leave  through  this  smaller  reservoir. 
The  alcohol  which  it  contains  absorbs  the  water  vapor  of  the  air 
when  the  air  is  exhausted.  Under  these  conditions  only  the  de- 
hydrated air  can  enter  the  large  reservoir. 

Fertilizer 

It  is  well  known  that  more  nitrogen  is  used  in  the  nitric  form 
than  in  the  ammoniacal  form,  but  a  satisfactory  explanation  to 
this  phenomenon  has  not  been  given.  It  is  estimated  at  present 
that  the  ammoniacal  salts  cause  in  the  plant  an  acid  secretion 
which  is  harmful  to  its  development.  By  avoiding  this  secondary 
action  by  some  means,  with  ammoniacal  compounds  a  product 
always  identical,  sometimes  superior,  to  that  obtained  by  the 
nitrates  would  be  obtained.  The  use  of  calcium  salts,  especially 
the  carbonate  and  the  sulfate,  with  the  ammoniacal  salts  would 
permit  these  results  to  be  obtained. 

Czechoslovakia  is  developing  considerably  its  agricultural 
industries  and  is  therefore  consuming  increasing  quantities  of 
fertilizer.     MM.  Jahn  and  Prikes  have  carefully  examined  the 


Czechoslovakian  soil,  and  have  succeeded  in  finding  new  de- 
posits of  potash.  These  deposits  are  estimated  at  70  million 
tons  as  a  minimum.  They  are  particularly  interesting  for  this 
country  where  the  cultivation  of  the  beet  is  extensive. 

Moreover,  the  Czechoslovakian  industries  have  just  opened 
up  at  Prague  an  Experimental  Institute  of  the  Sugar  Industry. 
This  institute  is  divided  into  five  sections:  (1)  Chemical  Section, 
(2)  Beet  Section,  (3)  Physico-chemical  Section,  (4)  Section  of 
Hygiene  of  the  Beet,  (5)  Machines  Section.  The  originality  of 
this  unique  institute  devoted  to  the  study  of  the  beet  and  to  the 
manufacture  of  the  sugar  consists  in  the  fact  that  it  is  organized 
to  receive  technicians  or  chemists  of  other  countries  who  desire  to 
go  thefe  to  study  the  latest  methods  of  work  accomplished  at  the 
institute. 

Scientific  Congresses 

Two  important  Congresses  have  been  held — one  at  Strassburg, 
and  the  other  at  Bologna. 

The  Congress  at  Strassburg  was  held  with  the  Pasteur  Ex- 
position and  had  for  its  object  the  study  of  refrigeration  from  the 
point  of  view  of  production  and  utilization.  Of  particular  note 
were  the  explanations  that  were  given  to  the  utilization  of  freezing 
in  the  preparation  of  vaccines  and  in  medicine.  It  was  pointed 
out  that  it  could  be  used  advantageously  to  replace  X-rays  or 
radium  in  the  treatment  of  cancer  and  tumors.  Here  is  a  field  of 
unexplored  work. 

There  was  also  proposed  a  means  of  using  low  and  constant 
temperatures  in  research  laboratories.  Without  descending  to 
temperatures  as  low  as  those  of  liquid  air,  it  is  certain  that  in  the 
investigations  of  temperatures  between  0°  and  —50°  C.  the 
chemical  reactions  and  phenomena  are  not  sufficiently  known  and 
merit  further  study. 

At  Bologna  was  held  the  Fish  Congress,  destined  to  extend  the 
use  of  this  food.  From  the  chemical  point  of  view  different  in- 
teresting questions  were  taken  up,  especially  the  relations  between 
the  saltiness  of  the  ocean  and  the  migrations  of  fish  beds,  and, 
finally,  on  the  chemical  properties  of  fish  oils,  notably  from  the 
point  of  view  of  their  richness  in  vitamins.  The  value  of  certain 
oils,  especially  the  oil  of  cod  liver,  is  attributed  to  their  richness  in 
vitamins,  and  it  seems  to  be  quite  certain  that  the  ocean  is  a 
medium  particularly  rich  in  all  sorts  of  vitamins. 

Along  the  same  line,  Mme.  Randoin  has  recently  pointed  out 
that  the  source  most  rich  in  vitamins  is  the  oyster.  It  is  the 
antiscorbutic  vitamin  which  the  oyster  contains  in  the  proper 
proportions  that  has  never  been  found  before  in  a  single  living 
organism.  The  oyster  could  be  a  source  of  vitamins,  not  only  for 
consumption,  but  to  facilitate  the  investigations  on  their  isolation. 

Death  of  M.  Violle 

M.  Violle,  dean  of  the  Section  of  Physics  of  I'Academie  des 
Sciences,  has  recently  died.  M.  Violle  studied  the  problems  of 
radiation  of  bodies  at  high  temperature.  To  him  we  owe  the 
establishment,  in  1884,  of  an  absolute  standard  of  light  given  out 
by  a  unit  of  surface  of  melted  platinum,  a  standard  which  is  uni- 
versally recognized  under  the  name  Violle. 

October  .5,  1923 
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LONDON  LETTER 


By  HcGH  GRiFFiTHa,  15  New  Bridge  Street,  London,  E.  C.  4.,  England 


Key  Industries  Act 

The  unsatisfactory  nature  of  the  operation  of  the  Key  Indus- 
tries Act  is  clearly  exemphfied  by  the  decisions  made  in  two  re- 
cent cases.  It  has  been  decided  by  the  referee  that  formaldehyde 
cannot  be  considered  as  a  fine  chemical,  and  it  has  accordingly 
been  removed  from  the  list  of  materials  subject  to  duty.  On 
the  other  hand,  Rochelle  salt  is  held  to  be  a  fine  chemical,  and  is 
to  be  retained  in  the  list. 

These  decisions,  when  all  the  evidence  is  read,  sound  to  be 
fairly  reasonable,  but  those  familiar  with  the  chemical  trade 
will  have  a  very  natural  feeling  that  there  is  something  con- 
flicting in  the  position  which  has  resulted.  A  movement  is 
afoot  to  get  the  whole  basis  of  this  act  altered. 
Resignation  of  A.  G.  Green 

A  mild  sensation  has  been  caused  by  the  resignation  of  A.  G. 
Green  from  his  position  as  director  of  research  to  the  British 
DyestufFs  Corporation.  It  will  be  recalled  that  not  very  long 
ago  two  of  the  technical  directors  resigned.  From  the  state- 
ments which  have  been  made  it  seems  pretty  clear  that  the 
business  men  in  this  organization  do  not  see  eye  to  eye  with 
the  technical  staff  on  the  subject  of  expenditure  on  research, 
and  while,  on  the  one  side,  it  is  urged  that  the  organization  cannot 
support  a  very  expensive  research  department,  it  is  equally  urged 
on  the  other  side  that  unless  the  research  proceeds  the  company 
catmot  maintain  its  position. 

This  difficulty  is  one  which  is  very  common  in  this  country 
at  the  present  time,  and  although  perhaps  research  work  is  now 
receiving  more  support  than  ever  before,  there  is  a  feeling  that 
business  depression  is  making  firms  niggardly,  and  the  only 
research  which  receives  anything  but  the  most  grudging  support 
is  of  a  purely  hand-to-mouth  character,  and  investigations  of 
fundamental  matters  are  being  left  more  and  more  to  academic 
institutions.  It  must,  however,  be  admitted  that  at  the  present 
time,  when  most  chemical  works  in  this  country  are  feeling  the 
effects  of  depressed  trade,  the  cost  of  research  organizations  may 
eat  up  a  large  proportion  of  the  gross  profit.  The  only  solution 
would  appear  to  be  to  take  a  leaf  from  our  neighbors — namely, 
in  subsidizing  research  from  the  pocket  of  the  taxpayer. 
New  Plant  Equipment 

At  the  Ship  Building  and  Engineering  Exhibition,  the  new 
stream-line  filter  is  being  demonstrated.  In  its  simplest  form 
this  filter  consists  of  a  pack  of  paper  sheets  held  together  between 
distributing  heads.  The  pack  is  perforated  by  a  large  number 
of  holes.  About  half  of  the  passages  so  formed  are  connected  at 
one  end  to  the  feed  chest  in  the  lead  of  the  press,  and  the  re- 
mainder to  the  filtrate  outlet  chamber. 

The  filtration  takes  place  at  the  edges  of  the  paper  sheets. 
It  is  stated  that  the  paper  employed  is  waterproof,  that  the 
apparatus  therefore  does  not  depend  upon  the  porosity  of  the 
paper,  and  that  the  only  apertures  for  filtration  to  take  place 
are  formed  by  the  spaces  between  the  sheets  due  to  roughness. 

When  the  apparatus  was  first  described  by  Hele  Shaw,  it 
was  thought  that  perhaps  there  would  be  difficulties  in  discharging 
the  solids,  but  a  very  simple  device  has  been  applied  to  these 
presses,  the  tubular  collecting  spaces  being  fitted  with  small 
plugs  which  can  be  operated  by  the  feed  pressure  to  the  filter. 
In  a  horizontal  press  it  is  consequently  possible  to  discharge  the 
deposited  solids  by  the  manipulation  of  valves,  which  cause  the 
plugs  to  travel  mider  the  fluid  pressure  in  either  direction,  so 
expelling  the  solid.  It  is  stated  that  in  many  cases  a  fairly  dry 
solid  material  can  be  obtained  which  is  extruded  from  the  appa- 
ratus as  a  continuous  rod. 

The  most  interesting  feature  of  this  apparatus  is  that  most 
extraordinary  claims  are  made  regarding  its  efficiency  as  an 
ultra-filter.  A  solution  of  an  organic  dyestuff  such  as  erythrosin 
can  be  passed  through  the  press  when  the  filtrate  emerges  ab- 
solutely colorless.  This  extraordinary  result  is  stated  not  to 
be  due  to  adsorption,  and  it  is  claimed  that  the  feeding  of  the 
erythrosin  solution  can  be  continued  without  getting  a  colored 
filtrate.  It  is  also  claimed  that  when  brine  is  passed  through 
the  apparatus  a  considerable  proportion  of  the  water  can  be 
separated  from  the  salt,  and  it  is  stated  that  in  this  case  the 
effect  is  not  merely  one  of  adsorption,  but  the  salt  is  actually 
filtered  out  from  the  water.  On  theoretical  grounds  one  would 
have  thought  that  this  would  be  impossible,  as  a  system  of 


apertures  sufliciently  fine  selectively  to  separate  molecules  of 
different  sizes  would  be  expected  to  render  liquid  flow  almost 
impossible.  It  is  suggested,  however,  that  possibly  salt  forms 
some  sort  of  hydrate  complex  with  water,  which  makes  this  sep- 
aration possible.  It  is,  however,  very  extraordinary  that  salt 
will  pass  through  a  dialyzer  such  as  the  well-known  osmogene, 
if  simple  filtration  will  effect  a  separation. 

Apart  from  this  astounding  result,  the  apparatus  would  appear 
to  have  attractive  possibilities  for  fine  filtration  work,  and  the 
compactness  of  construction  is  an  attractive  feature.  A  com- 
paratively small  and  insignificant  looking  press  is  stated  to 
be  capable  of  filtration  at  the  rate  of  250  gallons  per  hour  on  a 
simple  water  solution,  and  owing  to  the  small  diameter  of  the 
passages  employed  the  depth  of  the  deposited  layer  of  material 
is  small,  and  consequently  the  effect  of  the  thickness  of  deposit 
is  not  quite  so  great  as  in  an  ordinary  filter  press. 

Some  installations  of  this  type,  of  considerable  size,  are  at 
present  under  construction,  and  the  results  of  these  larger  in- 
stallations will  be  waited  for  with  the  greatest  interest.  This 
filter  is  reminiscent  of  the  Plauson  filter,  but  is  very  much  cheaper 
in  first  cost,  and  only  resembles  the  Plauson  filter  in  having  a 
laminated  filtering  medium. 

A  new  mill,  known  as  the  premier  mill,  has  recently  appeared, 
which  is  used  for  mixing,  emulsifying,  and  very  fine  disintegra- 
tion. In  its  application  this  machine  resembles  to  some  extent 
the  colloid  mill,  but  it  is  explained  that  the  operation  of  this 
new  machine  depends  simply  upon  hydraulic  shear.  In  prin- 
ciple the  mill  consists  of  a  conical  seating  in  which  a  conical 
rotor  revolves  at  a  very  high  speed,  the  clearance  between  the 
two  conical  surfaces  being  very  accurately  adjustable. 

If  a  mixture  of  a  liquid  and  a  solid  can  be  passed  into  this  ma- 
chine, the  action  of  the  shearing  forces  due  to  viscosity  as  the 
hquid  passes  between  the  working  surfaces  serves  to  produce  the 
desired  effect.  This  machine  has  already  received  a  number  of 
important  industrial  applications,  not  merely  for  disintegration 
purposes,  but  for  securing  contact  between  immiscible  liquids 
in  the  preparation  of  emulsions,  and  for  similar  work.  The 
machine  is  very  well  constructed,  and  not  too  expensive. 

The  vacuum  drying  machinery  used  in  this  country  is  sub- 
stantially imaltered  in  design  since  before  the  war.  From  time 
to  time,  however,  suggestions  come  forward  in  connection  with 
the  condensing  part  of  the  operation,  but  in  the  past  nothing  has 
been  found  which  would  compete  with  the  ordinary  vacuum 
pump  for  the  production  of  the  vacuum. 

Recently  in  this  country  there  has  been  a  tendency  in  power 
plants  to  employ  steam  ejectors  for  maintaining  vacuum,  and  it 
is  not  surprising  that  the  suggestion  to  apply  these  to  vacuum 
drying  and  evaporatitig  plants  should  arise.  In  the  past  the 
claims  made  by  the  makers  of  steam  ejectors  for  vacuum  pro- 
duction have  been  decidedly  modest,  and  when  one  examines  the 
figures  given  for  steam  consumption,  and  bears  in  mind  the  in- 
stability of  such  appliances  against  fluctuating  duties,  he  is  per- 
haps not  surprised  that  the  vacuum  pump  has  always  managed 
to  hold  its  own. 

An  English  firm  has  now  commenced  to  manufacture  a  vacuum 
drying  plant  in  which  the  vacuum  is  produced  by  a  two-stage 
steam  ejector  of  the  Delas  type,  having  water-jacketed  diffusers. 
It  is  suggested  that  the  exhaust  steam  from  the  ejector  can  be 
used  for  heating  the  vacuum  drier,  and  it  is  stated  that  this 
system  has  been  in  use  in  France  with  excellent  results. 

This  proposal  is  not  new,  for  in  the  past  similar  schemes  have 
been  tried,  but  they  have  invariably  been  proved  to  be  unre- 
liable. In  the  case  of  the  plant  now  under  notice,  it  appears 
that  the  superiority  claimed  depends  upon  the  use  of  the  special 
type  of  ejector  employed,  and  the  statement  has  been  published 
that,  even  though  the  steam  supply  to  the  ejector  should  fluctuate 
in  pressure  over  very  considerable  limits,  the  performance  is 
still  satisfactory. 

Much  more  interesting,  however,  is  the  experimental  work 
which  has  been  carried  out  by  a  large  chemical  firm  in  this 
country  on  the  methods  of  producing  vacuum  in  distilling  plants 
for  corrosive  liquids.  Some  very  excellent  work  in  this  direction 
has  been  done,  using  an  apparatus  very  similar  in  principle  to 
that  of  Siepermann.  This  apparatus  is  a  sort  of  reversed  air- 
lift pump  in  which  the  air  is  removed  by  means  of  a  full  tube 
something  after  the  fashion  of  the  Taylor  hydraulic  compressor. 
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This  apparatus  has  no  moving  parts,  and  the  working  fluid  in 
the  pump  may  consist  of  the  Hquid  which  has  to  be  finally  con- 
densed. The  mechanical  efficiency  is  not  very  high,  but  the 
wear  and  tear  is  negligible,  and  there  is  absolutely  nothing  to 
go  wrong.  It  would  not,  however,  be  suitable  for  ordinary 
vacuum  work,  as  the  cost  of  running  would  be  higher  than  that 
of  ordinary  vacuum  pump,  but  where  corrosive  materials  have 
to  be  handled  the  scheme  seems  to  be  very  attractive. 
CoTTERiLL  Plant  Interferes  with  Radio 
A  strange  complaint  has  been  heard  from  radio  enthusiasts 
in  the  north  of  England.     It  appears  that  a  certain  Cotterill 


dust-collecting  plant  creates  a  nuisance  and  effectually  jams 
out  broadcast  wireless  communications.  It  is  understood  that 
this  matter  is  at  present  under  investigation,  but  the  plant 
in  question  emits  the  disturbance  on  a  wave  length  of  about 
450  meters,  with  the  result  that  tuning  out  is  very  difficult. 
This  matter  is  rather  interesting  from  a  legal  point  of  view, 
but  it  is  difficult  to  believe  that  the  trouble  can  be  any  worse 
than  that  created  by  electric  trains,  except  that  of  course  it 
will  be  continuous,  and  there  can  be  no  doubt  that  something 
will  ultimately  be  done  to  abate  the  trouble. 
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By  Walter  Roth,  Gothen.  Ge 


Training  in  Industrial  Chemistry 

Recently  in  Germany  there  has  been  a  revival  of  interest 
in  the  problem  of  training  the  chemist.  During  the  war  ex- 
perience was  the  most  important,  so  that  in  technical  circles  the 
necessary  industrial  education  was  lacking.  Now,  therefore, 
there  comes  more  than  ever  the  demand  for  the  industrial  point 
of  view,  the  con.sideration  of  the  economic  aspects  of  the  prob- 
lem. A  new  branch  of  chemistry,  industrial  chemistry,  will  fill 
this  gap  in  the  education  of  the  chemist,  by  training  him  along 
economic  lines.  For,  today,  in  order  to  carry  out  a  large  chem- 
ical undertaking  a  mere  knowledge  of  the  subject  is  not  sufficient; 
questions  of  procuring  raw  materials,  or  the  possibilities  for  rev- 
enue of  a  process,  and  world  economic  problems  must  be  solved, 
and  for  this  a  broader,  industrially  experienced  point  of  view 
is  needed. 

New  Materials  for  Fuel  and  Power 

In  the  present  fuel  famine  one  naturally  turns  his  attention 
to  other  sources  of  energy  besides  coal  and  lignite.  But  the 
"white  coal"  will  for  Germany,  who  is  poor  in  water  power,  never 
be  able  to  play  a  large  part.  Still  less  is  to  be  expected  of  the 
"blue  coal" — the  using  of  the  tide,  by  its  ebb  and  flow — for  Ger- 
man industry;  and  the  large-scale  utilization  of  the  other  forms 
of  energy  of  earth  and  space — wind,  sun,  atmospheric  electricity, 
etc. — are  still  in  the  distant  future.  Successful  attempts  have 
been  made  here  and  there  to  turn  sewage  and  settling  plants  to 
purposes  of  light  and  power.  For  example,  the  City  of  Erfurt, 
in  Thuringen,  by  experiments  of  the  Erfurter  Trichter  Gesell- 
schaft,  has  obtained  out  of  a  total  quantity  of  4000  cc.  of  mud, 
over  1,000,000  cc.  of  gas  (marsh  gas),  and  turned  this  to  profitable 
use. 

Direct  Utilization  of  Rubber  Latex 

It  is  well  known  that  the  milky  juice  of  rubber,  the  so-called 
latex,  is  used  directly,  without  first  separating  the  rubber — 
for  example,  for  the  making  of  cord  thread,  of  latex  paper, 
etc.  According  to  Ditmar  it  is  suitable  only  where  the  latex 
can  be  given  the  form  of  the  desired  rubber  article  under  si- 
multaneous dehydration.  When  cement  or  plaster  of  Paris 
is  used  as  the  hardening  agent,  then  vulcanization  is  not  needed 
as  these  dehydrating  agents  act  at  the  same  time  as  vulcanizers. 
Through  treatment  with  latex  Ditmar  will  produce  mothproof, 
elastic  cushion  and  mattress  fillings,  since  the  loosened  filling  in 
the  natural  or  pasteurized  latex  is  wet  and  then  left  to  dry  off 
from  the  excess  milky  juice.  The  materials  are  thus  covered 
with  rubber,  and  therefore  are  mothproof,  as  rubber  is  not  at- 
tacked by  moths.  This  coating  with  rubber  Ditmar  calls  "la- 
texing,"  or  after  his  own  name,  "ditmarizing."  Ditmar  will 
also  use  latex  as  a  cementing  material.  He  recommends  latex 
glue,  especially  for  the  waterproof  cementing  of  panes  into 
windows. 

Chromium  Instead  of  Nickel  Plating 

The  Electrochromgesellschaft,  in  Berlin,  jointly  with  the 
Langbein-Pfanhauser  Werken  A.  G.,  Leipzig,  is  using  a  new 
galvanic  process  by  which  coatings  of  chromium  are  made. 
Metallic  chromium  is  separated  electrolytically  from  chromium 
solutions  in  a  form  capable  of  being  polished.  These  are  plat- 
inum-colored, heat-resisting  coatings,  which  are  especially  dis- 
tinguished through  their  great  hardness.  They  can  be  much 
thinner  than  nickel  coatings,  and  are  little  attacked  by  the  at- 
mosphere, alkalies,  acids,  or  salts.  Especially  can  medical  in- 
struments, typewriter  parts,  phonograph  plates,  burners,  lighters. 


valves,  etc.,   export   articles   with   shining  surfaces,   which   will 
not  stand  overseas  transportation,  be  plated  with  chromium. 

Dust  Explosions 

In  mills,  sugar  factories,  soap  factories,  etc.,  many  dust 
explosions  have  been  experienced  without  any  one  being  able  to 
find  their  cause.  In  sugar  factories  alone  in  the  last  thirty 
years  almost  seventy  such  explosions  have  taken  place.  In 
the  Frankenthal  plant  the  sugar  chemist,  Beyersdorfer,  has  been 
experimenting  for  a  year  and  has  found  out  that  most  explosions 
of  this  kind  can  be  traced  to  electric  causes.  The  dust  explosions 
are  to  a  certain  extent  "dust  storms"  by  which  the  incipient 
lightning  ignites  the  clouds  of  dust  and  causes  them  to  explode. 
Beyersdorfer  calls  technical  dust  of  this  kind  "colloid-chemical," 
and  sees  no  difference  between  suspended  dust,  smoke,  and  clouds. 

In  this  connection,  he  explains  the  rain  of  fire  of  Sodom  and 
Gomorrah  in  a  similar  way.  He  says  that  with  a  violent  out- 
break of  a  petroleum  well,  perhaps  in  the  Caucasus,  followed 
by  scattering  and  electrical  charging  of  the  liquid  petroleum  by 
the  eruption  out  of  a  fissure  in  the  earth,  a  petroleum  cloud  was 
formed.  This  cloud  was  then  driven  to  Sodom  and  Gomorrah ; 
there  the  oil  was  ignited  by  a  flash  of  lightning  and  fell  down 
as  burning  petroleum  rain.  Beyersdorfer  rightly  considered 
it  fortunate  that  the  particles  of  the  clouds  separated  by  the 
lightning  in  ordinary  storms  do  not  consist  of  combustible  mate- 
rial ;  otherwise  every  storm  would  be  a  rain  of  fire 

For  the  prevention  of  dust  explosions  Beyersdorfer  recom- 
mends limiting  the  formation  of  the  dust  as  much  as  possible 
through,  the  choice  of  appropriate  disintegrating  machines,  not 
to  grind  too  fine,  to  wet  down  the  dust  with  water,  and  to  remove 
the  electrical  charges  through  contact  with  the  earth  or  through 
electrical  neutralization. 

Methane  in  Steel  Containers 

Methane  from  the  Rombacher  mines  in  Coblenz  and  from  the 
Fritz  Hamm  Gesellschaft  in  Dusseldorf,  compressed  in  the  usual 
steel  containers  to  150  atmospheres,  has  recently  been  put  on  the 
market.  This  methane  is  entirely  free  from  carbon  monoxide, 
and  is  said  to  be  generally  useful  as  a  cooking  and  lighting  gas 
where  a  connection  to  a  gas  plant  is  not  convenient  or  possible — • 
as,  for  example,  on  ships,  in  remote  villages,  hamlets,  and  in  fac- 
tories situated  far  from  the  city.  Methane  light  is  pure  white. 
Methane  is  suitable  for  soldering  purposes,  for  the  autogenic 
working  of  copper,  brass,  aluminium,  and  similar  easily  melted 
metals,  as  well  as  the  autogenic  cutting  of  iron.  On  account  of 
its  high  calorific  value  and  its  extremely  favorable  kindling  and 
compression  points,  methane  is  also  useful  as  a  material  for  gas 
motors,  especially  for  vehicles.  In  the  chemical  use  of  methane, 
and  therefore  of  natural  gas,  of  which  methane  is  the  chief  con- 
stituent, many  prospects  offer  themselves.  It  is  planned  to  ob- 
tain sulfur  from  gypsum  by  reduction  with  methane,  to  produce 
methanol  from  methane,  with  methyl  chloride  as  an  intermediate 
product,  and  from  atmospheric  nitrogen  by  the  use  of  methane  or 
its  cleavage  products  to  prepare  cyanogen  products.  As  is 
well  known,  methane  decomposes  at  temperatures  over  1000° 
C.  into  hydrogen  and  carbon.  If,  now,  this  very  pure  carbon  is 
mixed  with  barium  carbonate,  or  briquets  are  formed  from  the 
mixture,  and  these  are  heated  in  a  stream  of  nitrogen  at  1100° 
to  1300°  C,  barium  cyanide  is  obtained.  This  new  process 
of  Prince  Carl  Lowenstein  and  Dr.  Hauff  makes  possible  the 
production  of  an  air-nitrogen  industry  in  the  vicinity  of  natural 
gas  sources. 
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Surface  Tension  and  Surface  Energy  and  Their  Influence  on 
Chemical  Phenomena.  By  R,  S.  Willows,  M.A.,  D.Sc,  and 
K.  Hatschek.  .3rd  edition,  revised  by  R.  S.  Willows. 
viii  +  134  pages.  2.5  illustrations.  P.  Blakiston's  Son  &  Co., 
Philadelphia,  1923.     Price,  $2.00. 

The  owners  of  previous  editions  of  this  compact  and  con- 
venient little  treatise  on  a  subject  so  closely  connected  with  the 
important  fields  of  colloid  chemistry,  adsorption,  and  catalysis 
will  welcome  tliis  revised  edition.  The  revision  has  consisted 
mainly  in  the  enlargement  of  the  text  so  as  to  include  the  recent 
work  on  the  properties  of  thin  films,  surface  solutions,  boundary 
lubrication,  and  the  relation  between  surface  phenomena  and  the 
recent  theories  of  molecular  and  atomic  structure.  Numerous 
other  small  additions  and  changes  in  other  portions  of  the  text 
have  also  been  made  to  bring  it  up  to  date.  The  unnecessarily 
long  and  involved  derivation  of  the  Gibbs  adsorption  formula, 
given  in  the  appendix,  ought  to  be  replaced  by  a  shorter  deriva- 
tion of  the  rigorously  exact  equation  which  can  be  obtained 
directly  from  the  Second  Law.  The  assumptions  necessary  to 
convert  the  exact  formula  into  the  customary  form  can  then  be 
clearly  brought  out.  These  assumptions  are  not  those  indicated 
by  the  authors  on  p.  79,  et  sec. 

E.  W.  Washburn 

Metals  and  Metallic  Compounds.  By  Ulick  R.  Evans,  M.A. 
22.5  X  15  cm.  Longmans,  Green  &  Co.,  New  York;  Ed- 
ward Arnold  &  Co.,  London,  1923.  Vol.  I,  xii  -f  468  pages. 
Price  $7.00.  Vol.  H,  xi  +  396  pages.  Price,  $6.00.  Vol. 
m,  xii  +  270  pages.  Price,  $4.75.  Vol.  IV,  xii  -|-  350  pages. 
Price,  $6.00. 

This  work  is  in  reality  an  advanced  text  or  handbook  dealing 
with  the  chemistry  of  the  metallic  elements  only.  "The  book 
is  intended  for  the  advanced  student  of  inorganic  anS  metal- 
lurgical chemistry  and  for  those  engaged  in  research  in  these 
subjects." 

The  first  volume  is  of  a  general  character  and  the  first 
120  pages  are  given  to  a  presentation  of  the  principles  of  general 
chemistry,  physics,  and  geology.  The  contents  of  the  main 
part  of  this  volume  is  classified  under  two  general  headings, 
metallography  and  electrochemistry.  The  metallographic  por- 
tion includes  discussions  of  the  structure  of  simple  metals,  the 
effects  of  deformation,  and  the  effect  of  annealing  and  alloying 
on  the  properties  of  metals  and  the  structure  of  alloys.  Under 
the  heading  of  electrochemistry  are  included  chapters  on  such 
subjects  as  the  structure  of  precipitates,  the  colloidal  state, 
electrodeposition  and  corrosion,  and  electrolytic  valve  action. 
The  volume  is  concluded  with  a  chapter  on  radioactivity.  This 
volume  contains  a  wealth  of  material  which  should  prove  of 
interest  to  even  the  most  advanced  student  of  inorganic  chem- 
istry. 

The  remaining  three  volumes  of  the  work  are  devoted  to  a 
consideration  of  the  individual  metals.  Volume  II  deals  with 
those  elements  classed  as  "A"  groups,  according  to  the  periodic 
table  of  Sir  James  Walker,  and  includes  the  alkali  and  alkaline 
earth  metals,  aluminium  and  the  rare  earths,  tantalum,  colum- 
bium,  and  the  chromium  group.  The  space  devoted  to  each 
metal  is  divided  into  three  sections,  the  first  dealing  with  the 
metal  and  its  compounds,  the  second  with  the  occurrence  of 
the  metal — including  a  discussion  of  its  origin  and  formation 
of  its  compounds  from  the  standpoint    of   geology,  the   third 


dealing  with  the  technology  of  the  element  or  of  such  of  its  com- 
pounds as  are  of  commercial  importance. 

Volume  III  deals  with  the  transition  elements — that  is,  the 
platinum  and  iron  groups.  The  element  iron  is  treated  in  a  very 
comprehensive  manner,  125  pages  being  devoted  to  it.  The  met- 
allurgy of  iron  and  the  manufacture  of  common  and  alloy  steels 
are  presented  in  considerable  detail. 

Volume  IV  deals  with  the  remaining  metallic  elements  or  the 
metals  of  the  "B"  groups,  and  includes  arsenic  and  antimony. 

In  preparing  this  work  the  author  has  taken  full  advantage 
of  the  results  obtained  by  research  workers  during  the  last  few 
years  to  round  out  the  presentation  of  the  various  subjects  and 
bring  the  books  up  to  date.  As  a  result  these  books  contain 
many  subjects,  presented  in  considerable  detail,  which  are  not 
now  ordinarily  found  in  books  of  this  type.  The  books  are 
unusually  well  written  in  a  readable  style  and  in  the  opinion  of 
the  reviewer  are  well  worthy  a  careful  perusal,  particularly  by 
advanced  students  or  research  workers  in  the  fields  of  inorganic 
or  metallurgical  chemistry. 

C.  W.  BalkE 

Industrial  Filtration.    By  Arthur  Wright.     336  pages.    Chem- 
ical Catalog  Co.,  Inc.,  New  York.     Price,  $5.00. 

By  definition  of  the  title  this  book  does  not  consider  munici- 
pal water  filtration,  boiler  water  filtration,  etc. 

Part  I,  entitled  "Theory  of  Filtration,"  might  better  be  called 
"Art  of  Filtration,"  as  no  theoretical  considerations  as  generally 
understood  are  made.  It  deals  with  clarification,  cake,  building, 
washing,  discharging,  filter  media,  theor>'  (art?j  of  filter  applica- 
tion and  auxiliary  equipment.  It  is  fairly  well  written  but  lacks 
in  specific  information.  Under  "Cake  Filtration"  the  methods 
used  to  determine  the  economical  limit  curve  are  questionable. 
The  data  are  apparently  not  obtained  by  the  best  methods,  and 
the  conclusions  are  doubtful  and  certainly  not  applicable  to  the 
most  commonly  used  filters.  Under  "Cake  Washing"  is  given 
the  usual  misleading  curve,  which  has  appeared  in  print  so  many 
times,  comparing  simple  washing  in  leaf  filters  with  thorough 
washing  in  plate  filters.  If  simple  washing  were  used  in  both 
cases  the  curves  would  be  quite  alike.  The  impression  is  given 
that  simple  or  displacement  washing  cannot  readily  be  used 
in  ordinary  plate  filters;  whereas,  as  a  matter  of  fact,  it  is  used 
to  a  considerable  extent.  Thorough  or  alternate  plate  wash- 
ing is  a  satisfactory  method  of  washing,  despite  the  author's 
impressions  to  the  contrary.  Under  "Theory  of  Filter  Applica- 
tion" the  applications  assigned  to  the  five  types  are  incomplete 
and  hardly  sufficient  to  effect  a  choice.  "Auxiliary  Eauipment" 
is  treated  too  briefly;  it  does  not  mention  the  montejus  and 
gives  too  little  attention  to  steam  or  power  pumps  or  pump  valves. 
There  is  nothing  specific  about  the  materials  of  which  pumps 
should  be  made  for  use  with  various  liquors. 

Part  II,  "Mechanics  of  Filtration,"  might  more  understanda- 
bly be  called  "Filtering  Machines."  Plate  and  frame  filter 
presses  are  not  handled  well.  Misstatements  are  made,  produc- 
ing a  wrong  impression  of  this  most  important  filter  of  today. 
The  rest  of  the  section  deals  with  suction,  leaf,  and  vacuum 
filters.  More  space  is  devoted  to  these  machines  than  their 
actual  use  in  industry  seems  to  warrant.  A  few  other  special 
filters  of  little  importance  are  described.  No  description  is  given 
of  the  Berrigan,  centrifugal,  or  pulp  filters,  although  considerable 
space  is  given  to  thickeners,  which  are  not  filters  at  all. 

Part  III,  "Filter  Practice,"  gives  general  information  of  more 
or  less   value. 
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In  general,  the  book  contains  a  good  description  of  the  mechan- 
ics and  operation  of  leaf  or  vacuum  filters,  and  certain  filtration 
ideas  of  value  are  advanced.  Like  many  "technical"  books, 
however,  it  lacks  specific  information.  No  cost  data  are  given, 
and  a  list  of  the  rates  of  flow  of  the  common  important  substances 
is  missing.  Weights  of  various  filters  are  also  absent.  The 
layout  information  is  rather  too  brief  and  very  few  sketches 
appear.  The  average  reader  with  a  specific  problem  to  solve 
would  not  be  able  to  determine  properly  the  type,  size,  or 
cost  of  filter  to  use  from  the  information  given. 

It  is  unfortunate  that  the  author  mentions  the  names  of 
certain  manufacturers  of  equipment  so  frequently  while  names  of 
others  in  the  same  line  are  not  mentioned. 

This  book  can  be  said  to  be  equally  as  good  as  other  books 
on  this  subject  and  represents  an  effort  to  produce  a  book  which 
is  much  needed. 

D.  R. Sperrv 


The  Chemical  Engineering  Catalog.  8th  Annual  Edition.  Fran- 
cis M.  Turner,  Jr.,  Technical  Editor.  1049  pages,  tables, 
diagrams,  and  illustrations.  The  Chemical  Catalog  Co.,  Inc., 
New  York,  1923.  Price,  $10.00.  Leasing  fee,  $2.00  ($3..50 
foreign) . 

So  firmly'  established  has  the  Chemical  Engineering  Catalog 
become  as  an  institution  in  the  chemical  industries,  that  it  would 
be  almost  unnecessary  to  comment  on  its  annual  appearance 
but  for  the  fact  that  each  succeeding  edition  shows  plainly  the 
result  of  the  efforts  being  put  forth  by  the  supervising  committee 
and  the  publishers  to  improve  this  standard  reference  work.  In 
the  earlier  editions  a  great  deal  of  material  appeared  which  really 
partook  more  of  the  nature  of  advertising  than  of  the  type  of 
data  one  might  reasonably  expect  in  a  system  of  condensed  cata- 
logs. It  was  only  natural  that  at  first  there  should  be  a  certain 
amount  of  confusion  between  this  publication  and  various  direc- 
tories containing  advertising  that  had  appeared  unofficially  in 
other  technical  industries.  However,  year  by  year,  more  and 
more  manufacturers  of  equipment  have  taken  the  trouble  to 
study  the  requirements  of  those  in  charge  of  our  chemical  in- 
dustries, and  the  present  edition  of  the  Chemical  Engineering 
Catalog  reflects  this  tendency. 

It  is  particularly  gratifying  to  note  the  much  greater  use  of 
really  explanatory  diagrams  and  charts.  There  also  seems  to  be 
an  increase  in  the  number  of  concerns  giving  detailed  information 
as  to  sizes  and  capacities.  There  is  still  a  dearth  of  information 
as  to  the  costs  of  various  equipment  and  materials.  It  would 
seem  that  approximate  costs  could  be  furnished  in  such  a  work 
where  it  is  not  possible  to  give  exact  figures. 

The  Equipment  Section  occupies  the  bulk  of  the  book.  The 
Chemicals  and  Materials  Section  is  greatly  improved  and  many  of 
the  larger  manufacturers  of  chemicals  are  giving  really  detailed 
specifications  of  their  products.  However,  there  still  remain  in 
this  section  many  pages  which  are  mere  lists  of  chemicals  and 
other  materials.  Such  pages  certainly  supply  little  information 
to  prospective  buyers,  and  in  the  case  of  a  choice  the  business 
goes  to  the  firm  supplying  the  more  detailed  information. 

A  somewhat  definite  policy  from  previous  years  has  been 
adopted  with  regard  to  the  listings  in  the  classified  index  at  the 
front  of  the  volume.  Firms  not  cooperating  in  the  catalog  are 
now  listed  only  in  cases  where  they  are  not  manufacturers  of  such 
products  represented  in  the  volume.  This  seems  an  entirely  fair 
and  satisfactory  arrangement.  It  guarantees  a  complete  refer- 
ence work  to  the  users  of  the  catalog,  and  it  relieves  those  who  are 
cooperating  in  the  support  of  the  publication  from  the  competi- 
tion of  firms  contributing  nothing  to  its  support.  Moreover,  as 
the  great  majority  of  leading  manufacturers  are  represented  in  the 
catalog,  there  are  only  relatively  few  instances  where  it  is  nec- 
essary to  apply  this  rule. 


The  Technical  and  Scientific  Book  Section  is  considerably  en- 
larged, and  is  interesting  as  being  the  only  complete,  up-to-date 
bibliography  of  technical  books  in  English  dealing  with  chemis- 
try and  closely  allied  subjects. 

The  quality  of  the  paper  and  presswork  seems  to  be  even  better 
than  usual,  and  the  general  appearance  of  the  volume  conforms 
to  the  high  standard  established  by  previous  editions. 


Chemische  Technologie  das  Steinkohlenteers.  By  R.  Weiss- 
GERBER.     141    pages.     Otto   Spamer,    Leipzig,    1923.     Price, 

SI. 50. 

This  monograph  is  a  worthy  member  of  the  chemical  tech- 
nological series  founded  by  Ferd.  Fischer  and  edited  by  Arthur 
Binz.  The  subject  matter,  arranged  in  two  main  divisions, 
coking  and  coal  tar,  gives  a  concise  and  remarkably  clear  presenta- 
tion of  the  most  salient  features,  both  theoretical  and  practical, 
of  an  industry  in  which  the  author  is  a  recognized  authority. 
The  first  division  occupies  thirty  pages  and  deals  with  the  various 
types  of  coal,  their  nature  and  probable  formation,  more  par- 
ticularly their  behavior  under  destructive  distillation  in  both 
low-  and  high-temperature  operations,  and  the  technic  and  chem- 
istry of  the  resulting  products.  The  remaining  pages  constitute 
the  second  division,  coal  tar,  and  deal  with  material  derived  ex- 
clusively from  distillations  at  temperatures  above  700°  C. 
(high-.temperature  coking).  Here  the  treatment  is  more  elab- 
orate, following  the  subdivisions:  Theory  of  Tar  Formation, 
Properties,  Classification  and  Statistics,  Tar  Analysis,  Transport 
and  Storage,  Tar  Distillation,  Light,  Medium  and  Heavy  Oils, 
Anthracene  Oil,  and  Pitch.  In  addition  to  numerous  references 
to  pertinent  literature,  the  book  is  well  illustrated  with  up-to- 
date  ovens,  retorts,  and  apparatus  peculiar  to  the  industry,  and 
is  therefore  well  worth  the  attention  of  every  progressive  coal- 
tar  technologist. 

W.  O.  Emery 

Betriebsverrechnimg  in  der  Chemischen  Grossindustrie.  By 
Albert  Hempelmann.  vi  -|-  107  pages.  Julius  Springer, 
Berhn,  1922.     Price,  $1.15  unbound;  $1.40  bound. 

Cost  accounting  in  the  chemical  industry,  with  which  this 
pamphlet  deals,  is  of  increasing  importance  to  the  works  and 
managing  chemist  or  engineer. 

This  work  is  comparatively  brief  and  general  in  its  treatment. 
It  leans  to  the  economist's  or  financial  point  of  view  rather  than 
that  of  the  production  manager.  The  work  is  divided  into  six 
parts,  with  many  sections  and  subdivisions.  The  main  sections 
take  up  such  subjects  as  the  foundations  of  cost  systems  in  the 
chemical  industry,  raw  materials'  cost,  operating  cost,  calcula- 
tion, calculation  methods,  detailed  relation  to  various  phases 
of  management,  critical  discussion  of  the  ideas  presented  and  of 
practice. 

The  author  recounts  his  own  difficulty  when  he  first  entered 
this  important  field,  through  inability  to  locate  help  in  the 
literature.  He  hopes  to  have  aroused  interest  in  the  importance 
of  the  broader  aspects  of  the  subject,  even  if  he  may  not  always 
have  succeeded  in  going  into  sufficient  detail  on  the  production 
side.  The  need  seems  to  be  recognized  for  separation  from  mere 
bookkeeping,  to  be  not  merely  statistical,  in  order  that  cost 
accounting  may  be  a  proper  scientific  basis  for  policy  building, 
independent  of  mere  management. 

Hempelmann  clearly  recognizes  that  in  the  necessities  which 
arise  in  manufacturing,  the  demand  for  quick,  ready  informa- 
tion as  to  cost  forces  the  cost  accountant  as  well  as  the  manage- 
ment into  short-cut  and  make-shift  methods  which  are  of  prac- 
tical value  for  the  time  being,  but  which  become  so  intricate 
that  it  is  next  to  impossible  to  follow  properly  economic  prin- 
ciples and  detect  false  steps  to  the  extent  that  is  desirable. 
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The  author  thoroughly  emphasizes  at  all  times  the  simple 
fundamental  relationships  which  determine  cost  of  manufacture. 
He  seems  to  be  at  home  in  the  citation  of  illustrations  from  a 
variety  of  chemical  industries.  The  work,  however,  has  almost 
no  diagrammatic  or  tabulated  illustrations  from  actual  experience 
and  contains  some  apparent  chemical  blunders.  For  instance, 
on  p.  88  "general  theory"  is  stated  to  credit  1000  kg.  of  "sal- 
peter"  with  the  recovery  of  "7000  kg."  of  100  per  cent  HNO3, 
whereas  practice  is  credited  with  ability  only  to  return  a  yield 
of  65  per  cent  against  this  "70  per  cent." 

The  author  calls  attention  to  the  fact  that  those  who  wish 
technical  information  as  to  how  cost  accounting  should  be 
carried  out  in  particular  industries  in  chemical  business  will 
naturally  be  disappointed  in  the  sketchy  character  of  his  dis- 
cussions. Nevertheless,  the  reviewer  feels  that  any  one  inter- 
ested in  the  philosophy  of  this  problem  will  profit  by  a  study 
of  this  contribution. 

James  R.  Withrow 


Warmewirtschaftsfragen.  Monographien  ztir  Feuenmgstechnik, 
Heft  S.  By  L.  Litinsky.  19-4  pages.  Otto  Spamer,  Leipzig, 
1923.     Price,  SI. 10. 

This  treatise  on  fuel  economy  in  industrial  works  was  written 
with  a  view  of  explaining  the  present  practices  in  the  saving  of 
heat,  and  of  adding  something  for  increasing  the  scope  of  this 
important  field.  The  book  represents  a  revised  and  supple- 
mented collection  of  a  number  of  the  author's  own  papers  which 
have  been  published  in  various  technical  journals.  Since  most 
of  these  articles  are  now  out  of  print,  the  material  has  been  col- 
lected and  presented  in  the  form  of  a  fairly  unified  book  adapted 
to  meet  the  needs  of  the  practical  fuel  or  heat  engineer.  The 
necessar>'  theorj'  and  mathematics  are  presented  in  a  very  ele- 
mentary manner,  and  the  applications  are  illustrated  by  the  use 
of  many  commercial  examples. 

The  author  has  not  attempted  to  cover  here  the  entire  field  of 
industrial  heat  economy.  In  fact,  one  might  say  that  the  treatise 
concerns  itself  with  problems  of  glass  works,  ceramic  manufac- 
tures, and  the  devices  used  m  connection  with  these  industries, 
such  as  gas  producers,  regenerators,  and  furnaces. 

The  book  is  divided  into  eight  parts,  the  first  of  which  involves 
computations  applicable  to  a  gas-heated,  kiln-burning  refractory 
ware,  and  includes  dimensions  and  characteristics  of  the  oven, 
chimney,  gas  mains,  and  the  producer-gas  generator.  Many 
other  things,  such  as  temperatures,  efficiencies,  fuel  consumption, 
and  products  of  combustion  are  also  treated  here. 

The  second  topic,  "Heat  Balance  Sheet  of  a  Glass  Smelting 
Oven,"  explains  how  the  grate  losses  of  the  gas  generator,  the 
cooling  of  the  gas  in  the  mains,  the  radiation,  conduction,  and 
convection  losses  in  the  oven,  and  the  latent  heats  of  the  by- 
products, are  all  balanced  against  the  total  calorific  value  of  the 
fuel  consumed  and  the  reaction  heats  of  the  materials  used  in 
making  the  glass. 

The  third  part  gives  very  briefly  the  economic  reasons  for  the 
manufactxu'e  of  gas  from  wood  and  peat  in  certain  localities. 
This  is  followed  in  the  next  part  by  a  comparison  of  regenerators 
and  recuperators,  including  typical  heat  balance  sheets  for  each. 
The  fifth  section  concerns  itself  with  kinds  of  gas  generators, 
applicability  of  low-grade  fuels,  determination  of  combustion 
temperatures,  gas  analyses,  and  important  methods  of  economiz- 
ing heat.  Part  Six,  on  the  determination  of  the  consumption 
of  heat  in  the  disrillation  of  coal,  brings  in  also  the  various 
methods  of  measuring  gases,  while  the  two  remaining  brief 
parts  are  on  the  determination  of  flue  losses  by  analysis  of  the 
outgoing  gases,  and  the  comparison  of  the  dry  and  wet  methods  of 
extinguishing  coke. 

G.  R.  Greenslade 
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Chemical  Equipment  of  Metal,  Catalog  illustrating  and  describing  Bethle- 
hem apparatus.  4S  pp.  Bethlehem  Foundry  &  Machine  Corp., 
Room   1716,  Grand  Central  Terminal,  New  York,  N.  Y. 

Chemicals  and  Drugs.     206  pp.     Eimer  &  Amend,  New  York,  N.  Y. 

Christie  Dryers,  Calciners,  Coolers.  Illustrated  treatise  covering  the 
design  and  application  of  such  equipment  for  the  chemical  industries, 
with  data  and  charts  of  special  interest  to  the  chemical  engineer.  16 
pp.     L.  R.  Christie  Co.,  307  Fourth  Ave.,  Pittsburgh,  Pa. 

002  Recorder  Accessories.  Bulletin  1 16-A,  describing  three  new  accessories 
in  this  line  designed  to  reduce  operating  attention.  8  pp.  Uehling 
Instrument  Co.,  473  Getty  Ave,,  Paterson,  N.  J. 

Current  Duriron  Literature.  Bulletin  revised  to  September,  1923,  giving 
complete  data  and  tables  on  uses  and  applications  of  Duriron  corrosion- 
resistant  metal.  48  pp.  Loose-leaf  with  binder.  Duriron  Co., 
Dayton,    Ohio. 

Data  concerning  Platinum.  General  catalog  covering  the  subject,  with 
tables  and  sizes,  capacities,  and  weights.  88  pp.  Baker  &  Co., 
Inc.,  Murray  and  Austin  Sts.,  Newark,  N.  J. 

Dopp     Equipment.    Catalog     Vll,     describing     seamless-jacketed      kettles, 
mixers,    vacuum    and    pressure    apparatus.     64   pp.     SowERS    Manu- 
facturing  Co.,    Buffalo,   N.   Y. 
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separators,  etc.  60  pp.  Schutte  &  Koerting  Co.,  12th  and  Thomp- 
son  Sts.,    Philadelphia,    Pa. 

Material  of  a  Thousand  Uses.  Brochure,  illustrated  in  color,  describing 
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lite,  Condensite.  and  Redmanol.  24  pp.  Bakeute  Corp.,  8  West 
40th  St.,  New  York,  N.  Y. 

Norton  Refractories,  Alundum-Crystolon.  Fused  alumina  refractories  and 
laboratory  ware.     Catalog.     64  pp.     Norton  Co.,  Worcester,  Mass. 
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111. 

Potentiometer  Pjrometers.  Catalog  87,  containing  comprehensive  tod 
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ABBfi  Engineering  Co.,  50  Church  St.,  New  York,  N.  Y. 

"Scientia'*and"Studentia"  Calorimeters,  Catalog  C.  34  pp.  Wm.  Oabrt- 
ner  &  Co..  5345  Lake  Park  Ave.,  Chicago,  111. 

Sharpies  Super  Centrifuges.  Illustrated  bulletin  on  commercial  applica- 
tions of  this  type  of  equipment.  Diagrams  and  complete  exposition, 
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24  pp.  The  Sharples  Specialty  Co.,  23rd  and  Westmoreland  Sts., 
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Sperry  Filter  Press.  Catalog  14,  containing  illustrations,  charts,  and  tech- 
nical data  on  the  use  and  application  of  filter  press  equipment  of  special 
interest  to  the  chemical  engineer.  60  pp.  D.  R.  Sperry  &  Co., 
Batavia,  111. 

Standard  Laboratory  Apparatus.  Adopted  by  the  Manufacturing  Chem- 
ists Association  of  the  United  States.  50  pp.  EiMER  &  Amend,  New 
Yore,  N.  Y. 

Stokes  Pharmaceutical  and  Chemical  Apparatus.  General  catalog  with 
complete  data  and  illustrations.  100  pp.  F.  J.  Stokes  Machine 
Co.,   Cedar  Grove  Station,   Philadelphia,   Pa. 

Swenson  Evaporators.  Technical  Bulletin  E-122.  Illustrated.  16  pp. 
SwENSON  Evaporator  Co.,  Harvey,  111. 

The  Truth  about  Ozone.  64  pp.  United  States  Ozone  Co.,  Scottdale, 
Pa. 

Vertical  Cylindrical  Electric  Furnaces.  Instruction  Book  88,712.  Loose- 
leaf  bulletin  with  illustrations,  diagrams,  and  much  technical  data  on 
electric  furnaces  for  various  uses.  26  pp.  General  Electric  Co., 
Schenectady,  N.  Y. 

Vitreosil  Data.  Technical  booklet  giving  useful  data,  tables,  and  prices 
on  fused  silica  ware.  16  pp.  Thermal  Syndicate,  Ltd.,  350  Madison 
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Spring  Meeting  Reservations 

Members  planning  to  attend  the  spring  meeting  of  the  Society, 
which  will  be  held  in  Washington,  D.  C,  during  the  week  of 
April  21,  1924,  should  make  their  reser^'ations  now.  The 
meeting  will  be  held  at  the  time  when  the  hotels  will  be  over- 
crowded, and  in  order  to  be  sure  of  good  accommodations 
reservations  should  be  made  immediately.  The  New  Willard 
has  been  chosen  as  hotel  headquarters,  but  if  you  do  not  desire 
to  write  to  the  hotel  directly  requests  for  reservations  may  be 
sent  to  H.  C.  Fuller,  chairman  of  the  Committee  on  Hotels  and 
Transportation,  Institute  of  Industrial  Research,  1845  B  Street, 
N.  W.,  Washington.  D.  C. 
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Commerce  Reports — September 

Notice — Commerce  Reports  are  received  by  all  large  libraries  ayid  may  be 
consulted  there,  or  single  numbers  can  be  secured  by  application  to  the  Bureau 
of  Foreign  and  Domestic  Commerce,  Department  of  Commerce,  Washington, 
D.  C.  The  regular  subscription  rate  for  these  Commerce  Reports  mailed 
weekly  is  $3.00  per  year  (10  cents  per  single  copy),  payable  in  advance  to  the 
Superintendent  of  Documents,  Government  Printing  Office,   Washington,  D.  C. 

A  national  gas  exhibition  was  held  at  Bingley  Hall,  Birming- 
ham, England,  from  September  17  to  October  3,  1923,  for  the 
purpose  of  demonstrating  and  further  popularizing  the  service 
and  use  of  gas  in  home  and  industry.     (P.  612) 

Producers  of  china  clay  are  much  interested  in  experiments 
that  are  being  conducted  on  the  use  of  fuel  oil  in  drying  their 
product  in  Cornwall  and  Devon.  A  six  months'  test  has  demon- 
strated a  considerable  saving  over  coal  and  that  fuel-oil  plants 
arc  adapted  to  existing  kilns  and  furnaces.     (P.  621) 

Recent  regulations  of  the  Polish  government  provide  that 
producers  of  crude  oil  must  declare  to  the  State  oil  bureau  on  or 
before  the  15th  of  each  month  their  gross  production  for  the  pre- 
ceding month.  The  State  oil  bureau,  in  turn,  shall  signify  be- 
fore the  10th  of  the  month  whether  they  will  purchase  the  oil 
produced  during  the  preceding  month.  If  the  State  oil  bureau 
does  not  indicate  a  desire  for  the  oil  then  it  is  available  for  the 
general  market.     (P.  621) 

There  is  a  fair  market  for  disinfectants  in  Hongkong  and  a 
growing  demand  for  sanitary  disinfectants  in  the  Canton  consular 
district.     (Pp.  629-30) 

The  coefficient  of  increase  of  2.5,  by  which  the  basic  import 
duties  on  crude  iodine  have  been  multiplied  since  December  2, 
1922,  has  been  removed  by  a  French  law.     (P.  638) 

New  processes  have  resulted  in  the  extraction  of  crude  rubber 
in  North  Central  Mexico  containing  less  than  one-half  of  1  per 
cent  of  water,  and  it  is  possible  that  there  may  be  a  revival  of 
the  industry  which  formerly  brought  considerable  wealth  to  this 
district.     (P.  650) 

The  Mexican  government  has  under  consideration  a  project 
for  the  encouragement  of  the  use  of  oil  for  household  fuel  and 
cooking  purposes  as  a  part  of  its  campaign  to  conserve  the  forest 
resources  of  Mexico.      (P.  671) 

The  growth  of  the  Peruvian  fuel  oil  trade  during  the  past  three 
years  is  quite  notable.  An  important  development  is  the  recent 
substitution  of  the  native  oil  in  place  of  coke  in  the  largest  smelter 
of  the  republic.      (P.  672) 

The  new  substitute  for  gasoline,  called  "Dynalkol"  was  recently 
tested  in  a  number  of  flights  made  by  the  Czechoslovak  Aviation 
Service,  and  has  proved  to  be  even  more  efficient  than  gasoline. 
The  Czechoslovak  government  is  planning  exhaustive  tests  with 
this  new  fuel.      (P.  672) 

The  foreign  trade  of  the  United  States  in  chemicals  and  allied 
products  for  the  month  of  July,  1923,  as  compared  with  the 
corresponding  month  of  last  year,  showed  an  expansion  of  48 
per  cent  in  exports.      (P.  676) 

The  German  chemical  industry  in  the  first  half  of  1923  is  re- 
viewed.    (Pp.  677-8) 

During  1922  the  asbestos  sold  and  shipped  from  the  mines  of 
Quebec  amounted  to  l(i0,339  tons,  as  compared  with  87,475 
tons  in  1921.     (Pp.  680-1) 

Recent  press  items  report  the  appointment  of  a  Canadian 
commission  consisting  of  five  members,  to  inquire  into  the  forest 
resources  of  Canada  and  to  determine  the  necessity  for  placing  an 
embargo  upon  the  exportation  of  pulpwood  from  Canada.   (P.  717) 

It  is  expected  that  a  bill  will  be  introduced  in  the  Australian 
parliament  abolishing  the  import  duty  on  sulfur  and  granting  a 
bounty  to  domestic  producers  of  sulfur.     (P.  718) 

Certain  changes  in  patent,  design,  and  trade-mark  law  of 
Germany    are    cited.     (P.    719) 

A  royal  decree  of  Greece  extends  the  time  during  which  the 
requirements  of  the  patent  law  with  respect  to  working  the  in- 
vention and  paying  the  fees  may  be  complied  with  and  forfeiture 
of  the  patent  avoided.     (P.   719) 

The  situation  in  heavy  chemicals  in  France  in  August  was 
calm,  with  little  change  in  prices.  Secondary  chemicals  were 
relatively  active,  tannery  stocks  were  small,  the  dye  situation 
was  calm,  and  there  was  slack  demand  for  paint-making  materials. 
(P.  724) 

At  a  recent  conference  of  the  Sugar  Club  in  Havana  it  was  de- 
cided that  hereafter  the  standard  temperature  for  graduation 


of  Brix  hydrometers  for  the  laboratories  exchanging  information 
under  the  club  agreement  shall  be  17.5°  C.      (P.  731) 

According  to  a  review  of  the  Mexican  paint  situation,  Mexico 
presents  a  good  field  for  the  sale  of  American  paints,  and  it  is 
pointed  out  that  unsuccessful  bids  may  lead  to  future  business. 
(Pp.  732-3) 

Netherlands  India,  which  admits  chemical  fertilizers  free  of 
duty,  offers  a  good  field  for  the  American  product.     (Pp.  733^) 

The  French  occupation  of  the  Ruhr  Valley  has  had  no  apparent 
effect  on  the  chemical  and  dye  trade  of  Germany  in  Mexico. 
The  prices  of  German  dyes  and  chemicals  in  Mexico  have  not 
increased  and  representatives  of  American  manufacturers  of  dyes 
and  chemicals  report  that  they  can  note  no  increase  in  orders 
since  the  occupation  of  the  Ruhr.     (P.  734) 

There  is  a  good  demand  for  paints  in  Mexico  City.  White 
lead  and  paste  ground  in  oil  meet  an  especially  ready  sale,  al- 
though throughout  most  of  Mexico  water  paints  are  in  greater 
demand.     (Pp.  735-6) 

A  portion  of  the  coast  of  Lower  California  is  the  source  of  a 
small  quantity  of  seaweed,  which  is  processed  for  the  production 
of  vegetable  gelatin  or  agar-agar.     ( P.  736) 

The  original  French  text  and  a  translation  or  summary  in 
English  of  the  various  French  decrees  relating  to  the  compulsory 
purchase  of  industrial  alcohol  by  importers  of  gasoline  is  on  file 
in  the  Petroleum  Division  of  the  Bureau  of  Foreign  and  Domestic 
Commerce  and  may  be  consulted  by  interested  parties.     (P.  741) 

Greek  import  duties  have  been  modified  on  paraffin  wax, 
ceresin,  and  all  mineral  wax  not  specified;  on  naphthalene, 
raonosulfide,  sulfate,  hyposulfide,  hypochloride  of  soda,  chloride 
of  lime,  and  chloride  of  magnesium;  and  on  celluloid,  gluten, 
casein,  imitation  amber,  and  similar  materials.     (P.  765) 

Changes  have  been  made  in  the  Argentine  export  duty  on 
linseed.     (P.  766) 

The  duty  on  heavy  oils,  residues  of  petroleum,  and  other 
mineral  oils  imported  into  St.  Pierre  and  Miquelon,  France, 
has  been  reduced  from  6  francs  to  0.10  franc  per  100  kilos. 
(P.  767) 

The  Chilean  nitrate  industry  has  succeeded  in  working  itself 
out  of  a  very  critical  position  and  is  once  more  on  a  stable  basis. 
The  great  prosperity  in  the  metal  trades  in  the  United  States  has 
also  resulted  in  a  greatly  increased  demand  for  Chilean  copper, 
Chile's  second  important  export  staple.     (P.  778) 

The  crude  rubber  survey  authorized  by  Congress  and  under- 
taken by  the  Department  of  Commerce  is  now  under  way  in 
every  region  where  investigations  were  originally  planned. 
After  the  return  of  the  parties  composing  the  various  expeditions 
to  Washington  their  separate  findings  will  be  assembled  in  the 
form  of  a  complete  report.     (Pp.  800-1) 

The  effect  of  monopoly  on  the  camphor  industry  and  trade  is 
described,  and  it  is  pointed  out  that  the  restrictions  of  the  Jap- 
anese monopoly  have  resulted  in  various  countries  encouraging 
the  domestic  production  of  natural  camphor  and  have  also  stim- 
ulated efforts  to  solve  the  problem  of  the  profitable  manufacture 
of  synthetic   camphor.      (Pp.  808-11) 

The  production  of  crude  mineral  oil  in  France  decreased  50 
per  cent  for  the  second  quarter  of  1923.     (P.  819) 

A  decree  by  the  Polish  Ministers  of  Finance  and  Industry 
and  Commerce  pro\ades  for  a  reduction  of  certain  duty  coeffi- 
cients on  fertilizers,  certain  chemical  products,  and  oils  for  the 
manufacture  of  margarine  and  other  edible  fats.      (P.  833) 

The  production  in  Soviet  Russia  of  all  the  basic  chemicals, 

as  well  as  fertilizer,  showed  a  steady  increase  during  the  first 

half  of  1923.     Production  statistics  are  given  for  these  chemicals 

divided  into  three  groups — acids,  alkalies,  and  salts.     (P.  841) 

St.\tistics  of   E-xports  to  the  United  States 

Curacao— (P.  620)  Japan— (Pp.  734  and  771) 

Crude  oil  Agar  agar 

Silanghai— (P.  649)  Camphor 

Antimony  Canada— (P.  742) 

Camphor,  crude  Pulpwood 

Wood  oil.  Chinese  Austria — (P.  744) 

Constantinople — (P.  711)  Magnesite 

Licorice  root  Africa — (P.  7S!) 

Manganese  ore  Blister  copper 

Opium  Chrome  ore 

Hongkong— (P.  735) 
Anise  oil 

Special  Supplements  Issued 

Petroleum  in  Foreign  Trade  and  Services  of  the  Petroleum  Division.   * 

The  German  Coal-Tar  Chemical  Industry:  Production,  Export,  and  Im- 
port Statistics.      Trade  Information    Bulletin   141. 
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Notice — Publications  for  which  price  is  indicated  can  be  purchased  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  Washingtom, 
D.  C.  Other  publications  can  usually  be  supplied  from  the  Bureau  or  De- 
partment from  which  they  originate. 

Bureau  of  Mines 

Anthracite    Substitutes.     O,     P.     Huud.      Reports    of   Investigations    2SI9. 

4  pp.      Issued  August,  WJ'.i. 
Comparative  Engine  Tests  with  Crude,  Acid-Refined,  and  Silica-Gel  Re- 
fined Motor-Benzol.     A.  C.  Fieldner  and  G.  W.  Jones.      Reports  of 

Investigations  2S17.     3  pp.     Issued  August,  1923. 
Effect  of  Cooling  Systems  on  Evaporation  Losses  of  Gasoline.     Ludwig 

Schmidt.      Reports  of  Investigations  2531.     12  pp.     Issued  September, 

1923. 
Eighth   Semiannual  Motor  Gasoline  Survey.      N.  F.  LeJeune  and  H.  M. 

Smith.      Reports    of   Investigations    252S.     3    pp.     Issued    September, 

1923. 
Forms  of  Sulfur  in  Steamed  Coke  and  Their  Action  in  the  Blast  Furnace. 

J.    H.    Thompson.      Reports    of    Investigations    2S18.     7    pp.     Issued 

August,  1923. 
Fuels  Available  for  Domestic  Use  as  Substitutes  for  Anthracite  Coal.     Ru- 

dulp  KuDLlCH.      Reports  of  Investigations  2S20.     7  pp.     Issued  August, 

1923. 
Leaching  Nonsulflde  Copper  Ores  with  Sulfur  Dioxide.     C.  E.  Van  Barne- 

VEI.D  AND  E.  S.  Leaver.      Technical  Paper  312.     91  pp.     Paper,  20 

cents. 
Oxygen-Oil    Explosions.     Preliminary    Report    II.     Spontaneous    Ignition 

of  Metals  in  Oxygen  under  Pressure.     J.  J.  Jakowsky  and  E.   W. 

BUTZLER.      Reports  of  Investigations  2S21.     4  pp.     Issued  September, 

1923. 
Preparation  and  Detonating  Properties  of  Cyanuric  Triazide.     C.  A.  Taylor 

and    W.    H.    Rinkenbach.      Reports    of   Investigations    2513.     4    pp. 

Issued  August,  1923.  t^lj 

Progress  in  Blast-Furnace  Research.     P.  H.  Royster,  T.  L.  Joseph,  and 

S.  P.  Kinney.      Reports  of  Investigations  2524.     0  pp.     Issued  Septem- 
ber, 1923. 
Strength  and   Sensitiveness  of  TNT  as  Determined   by  the   Laboratory 

"Sand-Test"  Bomb.     C.  A.    Taylor  and  R.  D.   Leitch.      Reports  of 

Investigations  2526.     5  pp.     Issued  September,  1923. 
Survey  of  Pacific  Coast  Petroleum  Products.     Part  III.     Burning  and  Fuel 

Oils.     E.  C.  Lane  AND  N.  F.  LeJeune.      Reports  of  Investigations  2511. 

11  pp.      Issued   August,    1923. 
Tests  of  a  Powdered-Coal  Plant.     A  Report  of  Investigations  at  the  Power 

Plant  of  the  St.  Joseph  Lead  Co.,  Rivermines,  Mo.     Henry  Kreis- 

inger,  John  Blizard,  C.  E.  Aih.ustine,  and  B.  J.  Cross.      Technical 

Paper  316.      22  pp.      Paper,  5  cents. 
The  Electrothermic    Metallurgy  of   Zinc.    B.    M.   O'Hara.      Bulletin    208. 

106  pp.      Paper.  15  cents.      This  bulletin  represents  work    done    under 

a  cooperative  agreement  Ijetween  the  Bureau  of  Mines.  Department  of 

the  Interior,  and  the  Missouri  School  of  Mines  and  Motallurgy. 
The  Use  of  Highly  Volatile  Natural-Gas  Gasoline  as  a  Refrigerant.     L    D. 

Wyant.      Reports    of    Inv.stigalions    2510.      10    pp.      Issued     .\ugust, 

1923. 
Water-Gas  Tar  Emulsions.     W.  W.  Odell.      Technical  Paper  304.     51  pp. 

Paper,  10  cents.     This  paper  represents  work  done  under  a  cooperative 

agreement  between  the  Bureau  of  Mine^.  Department  of  the  Interior, 

the  State  Geological  Survey  Division  of  the  State  of  Illinois,  and  the 

Engineering  E.xperiment  Station  of  the  University  of  Illinois. 

Bureau  of  Fisheries 

Northwestern  Lakes  of  the  United  States:  Biological  and  Chemical  Studies 
with  Reference  to  Possibilities  in  Production  of  Fish.  George  Kem- 
MERER,  J.  F.  Bovard,  AND  W.  R.  BooRMAN.  Docntnenl  944.  92  pp. 
Paper,  25  cents. 

Bureau  of  Foreign  and  Domestic  Commerce 

A  World  Resume  of  the  Paint  Situation  with  Statistical  Tables  Showing 
Complete  Exports  from  the  United  States  for  1922.  Special  Circular 
9,  Chemical  Division.      24  pp. 

Bureau  of  the  Census 

Essential  Oils.     Census  of  Manufactures,  1921.     S  pp.     Paper,  5  cents. 
Explosives.     Census  of  Manufactures,  1921.     10  pp.     Paper,  5  cents. 
Paper  and  Wood  Pulp.     Census  of  Manufactures,   1921.     17  pp.     Paper, 

5  cents. 
Salt.     Census  of  Manufactures,  1921.     7  pp.     Paper,  3  cents. 

Department  of  Agriculture 

An  Improved  Method  for  the  Determination  of  Nicotine  in  Tobacco  and 
Tobacco  Extracts.  O.  M.  Shedd.  Journal  of  Agricultural  Research. 
24  (June  16.  1923),  961-70 


A  Study  of  Factors  Affecting  the  Nitrogen  Content  of  Wheat  and  of  the 
Changes  That  Occur  during  the  Development  of  Wheat,  G.  A.  Olson. 
Journal  of  Agricultural  Research,  24  (June  16,  1923),  939-53. 

Apple  By-Products  as  Stock  Foods.  G.  P.  Walton  and  G.  L.  Bidwsll. 
Department  Bulletin  1166.  40  pp.  Issued  July  26,  1923.  Paper, 
5  cents. 

Effect  of  Different  Concentrations  of  Manganese  Sulfate  on  the  Growth 
of  Plants  in  Acid  and  Neutral  Soils  and  the  Necessity  of  Manganese  as 
a  Plant  Nutrient.  J.  S.  McHargue.  Journal  of  Agricultural  Research, 
24,   (June  2,   1923),  781-94. 

Efficiences  of  Phosphatic  Fertilizers  as  Affected  by  Liming  and  by  the 
Length  of  Time  the  Phosphates  Remained  in  Porto  Rican  Soils.  P  L 
GiLE  AND  J.  O.  Carrero.  Journal  of  Agricultural  Research,  25  (July 
28,  1923),  171-95. 

Growth-Promoting  Value  of  the  Proteins  of  the  Palm  Kernel,  and  the  Vita- 
min Content  of  Palm-Kernel  Meal.  A.  J.  Finks  and  D.  B.  Jones. 
Journal  of  A^rnultural  Research.  25  (July  28,  1923),  165-9. 

Nutritive  Value  of  Mixtures  of  Proteins  from  Corn  and  Various  Concentrates. 
D.  B.  Jones,  A  J.  Finks,  and  C.  O.  Johns.  Journal  of  Agricultural 
Research.  24  (June  16,  1923),  971-8. 

Geological  Survey 

Arsenic  in  1922.  V.  C.  Heikes  and  G.  F.  Loughlin.  Separate  from 
Mineral  Resources  of  the  United  States,  1922.  Part  I.  24  pp.  Pub- 
lished September   17,   1923. 

Clay  in  1922.  Jefferson  Middleton.  Separate  from  Mineral  Resources 
of  the  United  States,  1922,  Part  II.  8  pp.  Published  October  10, 
1923. 

Fuller's  Earth  in  1922.  Jefferson  Middleton  Separate  from  Mineral 
Resources  of  the  United  States,  1922,  Part  II.  3  pp.  Published 
September   15,    1923. 

Magnesium  and  Its  Compounds  in  1922.  J,  M.  Hill  and  G.  F.  Loughlin. 
Separate  from  Mineral  Resources  of  the  United  States,  1922,  Part  II. 
17  pp.      Published  September  20,  1923. 

Mineral  Resources  of  the  United  States,  1921.  Part  I — Metals.  G.  F. 
Loughlin.  766  pp.  Price,  $100.  A  consolidation  of  reports  on 
the  different  metals  published  separately  between  May,  1921,  and 
July,  1922,  with  a  summary  covering  both  metals  and  nonmetals 

Quicksilver  in  1922.  F.  L.  Ransome.  With  a  Supplementary  Bibliography. 
I.  P.  Evans.  Separate  from  Mineral  Resources  of  the  United  States, 
1922,  Part  I.     12  pp.     Published  September  18,  1923. 

Strontium  in  1922.  G.  W.  Stose.  Separate  from  Mineral  Resources  of 
the  United  States,  1922,  Part  II,  3  pp.  Published  September  12, 
1923. 

Surface  Water  Supply  of  Hawaii  July  1,  1918,  to  June  30,  1919.  N.  C. 
Grover,  C.  T.  Bailey,  and  J.  E.  Stewart.  Water-Supply  Paper 
515.  123  pp.  Paper,  15  cents.  Prepared  in  cooperation  with  the 
Territory   of  Hawaii. 

Surface  Water  Supply  of  the  United  States  1919-1920.  Part  VI — Missouri 
River  Basin.  N.  C.  Grover,  W.  A.  Lamb,  Robert  Follansbee, 
W.  G.  Hovt,  and  R.  C.  Rice.  Waler-.iupply  Paper  506.  Prepared 
in  cooperation  with  the  States  of  Montana,  Wyoming,  Iowa,  Colorado, 
and  Kansas.     411  pp.     Paper,  35  cents. 

The  Twenty-Mile  Park  District  of  the  Yampa  Coal  Field,  Routt  County, 
Colorado.     M.  R.  Campbell.      Bulletin  748.     82  pp.     Paper,  20  cents. 

Tin  in  1922.  B.  L.  Johnson.  Separate  from  Mineral  Resources  of  the 
United  .States,  1922,  Part  I.      4  pp.      Published  October  11,  1923. 

Public  Health  Service 

Collection  and  Preservation  of  Blood  Samples  for  Determination  of  Carbon 

Monoxide.     R.  R.  Saykrs,  H    R.  OBrien,  G,  W.  Jones,  and  W.  P. 

Yant.      Public  Health  Reports,  38  (August  31,  1923),  2005-11. 
On  the  Composition  of  the  Precipitate  from  Partially  Alkalinized  Alum 

Solutions.     L.   B.   Miller.     Public    Health    Reports,  38   (.August  31, 

1923),  1995-2004, 
Public  Health  Service  Publications.     A  List  of  PubUcations  Issued  between 

October,  1922,  and  April,  1923.     Reprint  338  from  Public  Health  Reports. 

4  pp. 
Sewage  Treatment  in  the  United  States.     Report  on  the  Study  of  Fifteen 

Representative   Sewage   Treatment  Plants.     H.    H,    Wagenhals  and 

Others.      Public    Health    Bulletin   132.      Price,  50  cents. 
State  Laws  and  Regulations  Pertaining  to  Public  Health,   1920.     Jasqn 

Waterman  and  Others.     Supplement  43   to  Public    Health  Reports. 

Paper,  25  cents. 
The  Elimination  of  Carbon  Monoxide  from  Blood,  by  Treatment  with  Air, 

with   Oxygen,  and  with  a   Mixture  of  Carbon   Dioxide  and   Oxygen. 

R.  R.  Savers  and  W.  P.  Yant.       Public  Health  Reports  38  (September 

7,  1923),  2053-74. 

Tariff  Commission 

Census  of  Dyes  and  Other  Synthetic  Organic  Chemicals,  1922.  Tariff 
Information  .Series  31.      1S5  pp.      Paper,  20  cents. 
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MARKET  REPORT— OCTOBER,  1923 

[Supplied  by  Drug  &  Chemical  Markets] 


A  ^^HILE  the  volume  of  business  during  the  month  has  been 
showing  a  steady  increase  over  that  of  the  preceding  month, 
the  total  volume  has  not  been  up  to  expectations  of  leading 
interests  in  industrial  chemicals.  Demand  has  been  spotty 
for  the  greater  part  of  the  period,  but  with  the  approach  of  the 
season  for  making  contracts  for  the  coming  year  bu>nng  is  ex- 
pected to  become  steadier.  Consuming  industries  have  been 
slow  in  recovering  from  the  usual  summer  depression.  Textile 
mills,  especially  in  New  England,  have  been  showing  little 
increased  activity  and  several  mills  have  announced  curtailment 
of  operations  from  half-time  to  closing  for  indefinite  periods. 
Continued  warm  weather  for  the  season  of  the  year  has  also  had 
its  effect  upon  buying  in  general. 

Although  there  has  been  no  general  announcement  in  alkaU 
prices,  it  is  understood  that  other  manufacturers  wiU  maintain 
their  former  selling  prices  for  contracts  for  the  coming  year 
similar  to  those  recently  announced  by  one  manufacturer. 
Demand  for  alkalies  has  been  increasing  steadily  but  prices 
have  shown  no  change  or  fluctuation  in  over  two  years.  Cost  of 
production  has  increased,  but  the  increased  consumption  has 
offset  to  some  extent  the  difference  in  operation  advances. 
Bleaching  powder  has  been  subject  to  much  price-cutting  during 
the  summer  and  early  fall.  Keen  competition  and  a  slackening 
demand  has  caused  sellers  to  disregard  formal  and  open  prices 
for  their  own  private  terms  wherever  business  has  been  available. 
Sales  have  been  reported  as  low  as  I'/g  cents  per  pound  at  the 
works. 

On  the  first  of  the  nronth  a  reduction  in  the  price  of  bleach  for 
the  last  quarter  from  $1.75  to  $1.65  was  announced  by  a  leading 
maker.  Continued  weakness  in  the  market,  however,  forced 
another  reduction  on  the  15th  to  $1.25  for  October  delivery, 
and  $1.50  for  November  and  December.  Contract  prices  for 
the  coming  year  were  also  announced  for  chlorine  and  bleaching 
powder.  Contract  prices  for  next  year  have  been  announced 
by  a  leading  maker  of  bichromates  and  they  are  the  same  as 
those  which  ruled  during  1923.  One  maker  of  bichromates  has 
reduced  sodium  bichromate  to  7'/8  cents  a  pound  for  car-lot 
quantities,  which  is  considerably  under  the  announced  contract 
prices.  Competition  for  bichromate  business  has  been  very 
keen.  Heavy  acids  have  been  moving  fairly  well,  with  sulfuric 
acid  in  greatest  demand.  Formic  acid  has  been  active  and 
supplies  are  stated  to  be  small  in  the  face  of  present  demand. 
Lactic  acid  continues  in  steady  demand. 

Arsenic  has  been  recei\'ing  more  attention  recently  and  prices 
have  advanced  owing  to  more  active  demand  and  a  scarcity 
of  supplies  in  the  market.  Japan  has  not  been  offering  arsenic 
during  the  past  month  and  German  import  prices  are  above 
domestic  and  local  prices.  Domestic  producers  are  understood 
'to  have  little  to  offer.     Recent  lack  of  demand  for  copper  and 


slowing  up  of  smelters  may  have  some  effect  upon  the  domestic 
output  of  arsenic,  since  it  is  a  by-product  of  the  copper  smelters. 
The  season  for  calcium  arsenate  is  over  and  makers  are  beginning 
to  prepare  for  next  season.  Ammonium  chloride  is  stronger  and 
higher  in  price.  Barium  products  have  been  strong,  especially 
the  carbonate,  domestic  makers  being  well  sold  ahead  and  im- 
ported material  difficult  to  obtain.  Barium  chloride  is  firm  and 
shipments  from  abroad  are  higher.  Acetone  continues  in  limited 
supply.  Copper  sulfate  has  been  decliaing  sUghtly  with  the  drop 
in  metallic  copper  prices. 

Domestic  caustic  potash  has  been  reduced  to  the  level  quoted 
by  importers  of  German  potash.  Potassium  chlorate  is  firm  at 
recent  levels.  Prussiates  have  shown  no  improvement  in  de- 
mand and  prices  are  lower  for  both  sodium  and  potassium  prus- 
siates. Demand  for  colors  made  from  prussiates  has  been 
lacking,  and  sellers  have  been  forced  to  reduce  prices  in  order 
to  move  their  stocks.  Imported  potassium  permanganate  is 
higher  at  IT'A  cents  per  pound  while  domestic  material  is  un- 
changed at  17  cents  at  works.  Soda  ash  and  caustic  soda  con- 
tinue in  steady  demand.  Export  demand  for  caustic  soda  has 
shown  a  slight  improvement.  Sodium  sulfide  is  beginning  to 
improve  after  a  duU  summer.  Glauber's  salt  is  in  sUghtly  better 
demand  at  unchanged  prices.  Formaldehyde  is  easier  on  ac- 
cumulation of  stocks  and  small  demand. 

Crude  coal-tar  products  have  been  showing  steady  decline 
in  prices.  Benzene  and  toluene  are  lower  owing  to  an  accumula- 
tion of  stocks  and  the  lower  market  in  gasoline  in  competition 
with  which  90  per  cent  benzene  is  sold.  Demand  has  been  spotty 
and  buyers  are  not  incUned  to  anticipate  their  requirements 
for  the  future.  Solvent  naphtha  and  xylene  are  slightly  lower. 
Phenol  had  been  holding  fairly  steady  until  about  the  middle  of 
the  month  when  one  seller  announced  a  reduction  to  26  cents  a 
pound,  a  decline  of  2  cents  a  pound  below  previous  levels.  Cre- 
syhc  acid  has  been  fairly  active  with  prices  at  former  levels. 
Pyridine  is  very  scarce  and  prices  have  advanced  to  $6.00  and 
above  for  material  on  spot.  Shipments  are  difficult  to  obtain  from 
abroad  and  domestic  production  is  insufficient  for  present  needs. 

Intermediates  have  been  moving  slowly  owing  to  the  poor 
demand  for  colors.  The  situation  is  controlled  by  manufacturers, 
however,  and  little  is  being  produced  except  as  required  for 
routine  consumption.  Prices  have  remained  steady  during  the 
dull  period,  except  for  occasional  lots  in  the  resale  market. 
With  increased  dejnand  prices  will  probably  become  firmer,  but 
no  sharp  advances  are  expected.  Salicylates  have  been  steady 
in  price  and  demand  with  the  statistical  position  firm.  Medicinal 
chemicals  have  been  moving  in  a  seasonal  way. 

Vegetable,  animal,  and  fish  oils  have  been  more  active  and 
prices  have  shown  an  upward  trend.  Linseed  oil  is  higher, 
though  the  demand  is  mainly  routine  in  character. 
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INOBQANIC  CHEMICALS 

Oct.  1 

Acid,  Boric,  cryst.  bbls lb.  ,11 

Hydrochloric,comm'1.20''lb.  .OlJi 

Hydrofluoric.  30%  bbU... lb.  .07 

Hydriodic,  10%U.  S.  P...lb.  .73 

Nitric,  42°, cby=>.  c/1  wks.Ib.  .06H 

Phosphoric,  50%  tech.. .  .lb.  .08 

Sulfuric,  C.  P lb.  .09 

66°  tiM.  wk3 too  15.00 

Oleum,  20% ton  19.00 

Alum,  Ammonia,  lump lb,  .03^ 

Potash,  lump lb.  *.Q3i4 

Chrome lb.  .05)4 

Soda,  ground lb.  .04 

Aluminum  Sulfate  (iron-free) .  lb.  .02^ 

Ammonium  Carbonate,  pwd.. lb.  .09 

Chloride,  white  gran lb.  .  07>i 

Ammonia,  anhydrous lb.  .30 

Ammonia  Water,  drums,  26°. lb.  .07}^ 

Arsenic,  white lb,  .12 

Barium  Choride ton  ♦82.50 

Nitrate lb.  *.07H 

Barytes,  white ton  33.50 

Bleaching  Powd.,  35%,  works 

100  lbs.  1.65 

Borax,  cryst.,  bbls lb.  .  05^ 

Bromine,  pure,  wks lb.  .29 

Calcium  Chloride,  fused,  f.o.b. 

N.  y ton  24.50 

Chlorine,  liquid lb.  .05H 

Copper  Sulfate 100  lbs.  6. 00 

Iodine,  resublimed lb.  4.55 

Lead  Acetate,  white  crystals . .  lb.  .14 

Nitrate lb.  .22 

Red 100  lbs.  11.40 

White  (Carb.) lb.  .09Ji 

Lime,  Uve  and  hydrated,  bbl..lb.  .OIH 

Oyster  shell lb.  .03}2 

Lime  Acetate 100  lbs.  4.00 

Magnesium  Carbonate,  tech.  .lb.  .08 

Magnesite,  calcined ton  65 .  00 

Phosphorus,  yellow lb.  .35 

Red lb.  .75 

Plaster  of  Paris,  tech bbl.  3.30 

Potassium  Bichromate lb.  .09^ 

Bromide,  imported lb.  .17 

Carbonate,  calc.,80-85%.lb.  *.06)4 

Chlorate,  cryst lb.  • .  07  H 

Hydroxide,  88-92% lb.  *.  07>i 

Iodide,  bulk,  U.  S.  P lb.  3.7S 

Nitrate lb.  .06H 

Permanganate,  U.  S.  P..  .lb.  •.  171.^ 

Prussiate,  red lb.  '.60 

Yellow lb.  '.SO 

Salt  Cake,  bulk ton  24.00 

Silver  Nitrate oz.  .44 

Soda  Asli,  58%,  bags 100  lbs.  •2.00 

CausUc,  76%,  N.  Y.  100  lbs.  3.70 
•  Resale  or  Imported  (not  an  American  mak 


.09 
15.00 
19.00 

.03}^ 
*.03ii 

.05>i 

.04 

.02J4 


.07>i 

.30 

.07J^ 

*82.50 

*.07yi 

33.50 

1.25 
.05H 
.29 

2^.50 
.OSJ-i 
5.00 
4.55 
.14 
.22 
11.40 
.09'A 
.OIH 
.03 'A 
4.00 
.08 
65.00 


Jan.  1923 
.1134 
•  OlJi 
.06 
.65 
.06 
.08 
.07 
15.00 
18.00 
.03>i 
•.03J4 
.Oo>i 
.04 
.02}^ 
.09H 
.0714 
.30 
.07J4 
.15H 
•92.50 

•.07>i 
33.50 

2.15 
.05H 
.20 

24.50 
.05}i 
6.25 
4.50 
.13 
.22 
10.60 
.0314 
.OIH 
.03 
3.50 
.08 
65.00 


.75 

•.30 

3.30 

3.30 

.09>4 

.10 

•.17 

.14H 

•.06H 

•.05H 

•.07H 

•.05J4 

•.07 

•.08 

3.75 

3.60 

.06H 

.06 14 

*.17H 

♦.16 

•.60 

•.90 

•.29 

•.38 

24.00 

28.00 

.44 

.44 

•2.00 

•2.00 

3.70 

3.50 

Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulfite,  powd lb. 

Chlorate lb. 

Cyanide,  96-98% lb. 

Fluoride,  tech lb. 

Hyposulfite,  bbls...  100  lbs. 

Nitrate,  95% 100  lbs. 

Nitrite lb. 

Prussiate,  yellow lb. 

Phosphate  (di-sod.),tech.lb. 

SiUcate,  40° 100  lbs. 

Sulfide,  60%,  fused lb. 

Strontium  Nitrate lb. 

Sulfur,  flowers 100  lbs. 

Crude,  mines long  too 

Tin  Bichloride,  50%  sol'n lb. 

Oxide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbls lb. 


Acetanilide,  U.  S.  P.,  bbls lb. 

Acid,  Acetic,  28  p.  c 100  lbs. 

GUcial 100  lbs. 

Benzoic,  U.S.  P lb. 

Carbolic,  cryst.,  U.S.  P., 

drums lb. 

50-  to  110-lb.  tins... lb. 

Citric,  crystals,  kegs lb. 

Oxalic,  cryst.,  bbls.,  wks.Ib. 

PyrogaUic,  resubhmed. .  .lb. 

SaUcylic,  U.  S.  P ..lb. 

Tannic,  U.  S.  P.,  bbls lb. 

Tartaric,  cryst.,  U.  S.  P...lb. 

Acetone,  drums lb. 

Alcohol.denatured,  complete,  gal. 

Ethyl.  190  proof,  bbls... gal. 

Amyl  Acetate gal. 

Camphor,  Jap,  refined,  cases  .ib. 
Carbon  Bisulfide,  c/1 lb. 

Tetrachloride lb. 

Chloroform,  U.  S.  P.,  drums,  .lb. 

Creosote,  U.  S.  P Ib. 

Cresol,  U.  S.  P lb. 

Dextrin,  corn 100  lbs. 

Imported  Potato Ib. 

Ether,  U.  S.  P.,  100  lbs Ib. 

Formaldehyde,  bbls lb. 

Glycerol,  dynamite,  drums. .  .lb. 

Methanol,  pure,  drums gal. 

Methylene  Blue,  med lb. 

Petrolatum,  light  amber Ib. 

Pyridine gal. 

Starch,  com,  pow'd 100  lbs. 

Potato,  Jap lb. 

Sago lb. 


Oct.  1 

Oct.  15 

Jan.  1923 

.05 

.05 

.07)i 

2.25 

2.25 

2.00 

.07H 

.07M 

■  07H 

.04H 

.04K 

.04 

.06H 

.06}^ 

.06}i 

.23 

.23 

.23 

.09 

.09 

.09H 

2.90 

2.90 

3.60 

2.45 

2.45 

2.57J^ 

.07  H 

.07M 

.08H 

.14 

.14 

.18M 

.03H 

.03H 

.03H 

.80 

.80 

.80 

.04K 

.04H 

.05 

•.10 

•.10 

•.08% 

3.00 

3.00 

3.00 

14.00 

14.00 

14.00 

.12H 

.12H 

.lOJi 

.47 

.47 

.43 

.25 

.25 

.20 

.08H 

.08K 

.07K 

.32 

.32 

.35 

3.38 

3.38 

3.17H 

12.78 

12.78 

12.05 

.72 

.72 

.72 

.28 

.26 

.32 

.30 

.28 

.34 

*.50 

•.50 

♦.48}4 

.12 

.12 

.13H 

1.55 

1.55 

1.65 

.35 

.35 

.45 

.83 

.83 

.70 

•.32 

♦.32 

•.32 

.25 

.25 

.21 

.46 

.46 

.45 

4.75 

4.75 

4.70 

4.50 

4.50 

2.50 

.87 

.86 

.86 

.06 

.06 

.06 

.10}^ 

.lOH 

•  lOH 

.35 

.35 

.35 

.40 

.40 

.40 

.25 

.25 

.23 

3.64 

4.09 

3.09 

.07K 

.07^ 

.00 

.13 

.13 

.13 

.12H 

.12 

.16 

.16 

.16 

.16H 

1.05 

1.05 

1.35 

2.25 

2.25 

2.25 

.04H 

.O4J4 

■  03H 

5.50 

6.00 

2.75 

3.44 

3.69 

2.47 

.06 

.06 

.06J< 

.05 

.05 

.03H 

^3 

fl920 

1921                  1                  1922 

1923                ] 

MEDICINAL  CHiMICAL  PRICKS 
Average  Price   of  Twenty  Repre-- 
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OILS,  WAXES,  ETC. 

Oct.  1 

Beeswax,  pure,  white lb.  -38 

Ca.tor  Oil,  No.  3 lb-  -13 

Ceresin,  yeUow lb-  -"^ 

Corn  Oil,  crude,  tanks,  mills.,  .lb.  .  lO/g 
Cottonseed  Oil.  crude,  f.  o.  b. 

mill lb.  .10 

Linseed  Oil,  raw,  lc/1 gal.  .  90 

Menhaden  Oil,  crude,  mills. . .  gal.  .47  i4 

Neaf s-foot  Oil,  20° lb.  ■  16Ji 

Paraffin,  128-130  m.  p..  ref.. .  .lb.  .04 

Rosin,  "F"  grade.  280  lbs. . . .  bbl.  5 .  95 

Rosin  Oil,  first  run gal.  45 

Shellac,  T.N lb-  -62 

Sperm     Oil,     bleached     winter, 

38° g^l-  -99 

Stearic  Acid,  double  pressed.,  .lb.  .13)4 

TaUow  Oil,  acidless lb.  .  09  H 

Turpentine,  spirits  of gal.  1.00 

METALS 

Aluminium,  No    1.  ingots lb.  .25 

Antimony,  ordinary 100  lbs.  6.75 

Bismuth "••  2 .  75 

Copper,  electrolytic lb.  .  13  H 

Lake          lb.  .13H 

Lead.N.Y 100  lbs.  6  65 

Nickel,  electrolytic lb.  29 

Platinum,  refined,  soft oz.  118.00 

Quicksilver,  flask 75  lbs.  ea.  61 .00 

Silver,  foreign oz.  .65)4 

Tin lb.  .iiVs 

Tungsten  Wolframite ....  per  unit  8 .  50 

Zinc,  N.  Y 100  lbs.  6.65 


FERTILIZER  MATERIALS 

Ammonium  Sulfate,  expt .  100  lbs.  3.45 

Blood,  dried,  f.  o.  b.  N.  Y.  .  .unit  4.00 

Bone,  3  and  60,  ground,  raw. .  ton  25  00 

Calcium    Cyanamide,    unit    of 

ammonia 2 .  25 

Fish  Scrap,  dried,  wks unit  4  00 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton  3.25 

Florida.  70% ton  3.55 

Florida,  74-75% ton  4.50 

Tennessee,  72% ton  5.50 

PoUssium  Muriate,  80% unit  68 

Tankage,   high-grade,    f.   o.    b. 

Chicago unit  3.65& 


Oct.  15 

Ian.  1923 

.36 

.36 

.13 

.13 

.08 

.08>i 

.osH 

.09M 

.09 

.09H 

.95 

.87 

.50 

.S3 

.16}i 

.ISJi 

.04 

.04 

5.85 

6.25 

.99 

1.03 

.13)^4 

.12H 

.lOJi 

.11)^ 

1.03 

1.56 

2.75 

2.75 

A2ii 

Ai'A 

.13 

.U'A 

6.60 

7.80 

.29 

.36 

116.00 

118.00 

61.00 

73.00 

.63)4 

.63 

AVA 

.39 

8.50 

7.50 

6.65 

8.25 

3.45 

3.90 

4.00 

4.70 

25.00 

28.00 

2.25 

2.25 

4.00 

5.35  & 

3.25 

3.00 

3.55 

3. 55 

4.50 

4.50 

5.50 

5.25 

10     3.65  &  .10      4.75  &  .10 


COAL-TAR  CHEMICALS 

Crudes 

Anthracene,  80-85% lb.  .75 

Benzene,  pure,  tanks gal.  .25 

Naphthalene,  flake lb.  .07 

Phenol,  drums !b.  .28 


Crudes     (concluded) 

Toluene,  pure,  tanks gal. 

Xylene,     2    deg.    dist.    range, 

drums gal. 

Intermediates 

Acids: 

Anthranilic lb. 

Benzoic,  tech lb. 

Cleve's lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

MonosuUonic  F lb. 

Napbthionic,  crude lb. 
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EDITORIALS 


Classified  Membership 

"t  ^rHEX  the  Committee  on  Progress  in  Society  Procedure 
'  ^  was  appointed,  one  of  the  topics  for  its  consideration 
was  enhancing  the  value  of  membership  in  the  American- 
Chemical  Society,  perhaps  through  some  classification  of 
membership.  After  due  consideration  and  at  the  sug- 
gestion of  the  original  committee,  the  matter  was  referred  to 
a  special  committee,  wliich  made  a  report  of  progress  at  the 
Milwaukee  meeting.  It  is  expected  that  a  final  report  will 
be  presented  at  Washington.  If  the  committee  is  to  con- 
sider the  vdews  held  by  various  members  of  the  Society, 
it  is  obvious  that  these  views  must  be  forwarded  promptly. 

When  the  question  was  brought  before  the  Council  at 
Milwaukee  several  diverse  opinions  were  expressed.  There 
are  many  who  look  upon  the  great  success  of  the  American 
Che.mical  Society  under  its  present  scheme  of  organization 
and  membersliip  as  sufficient  evidence  that  it  would  be  well 
to  make  no  change.  The  men  who  hold  tliis  view  are,  for 
the  most  part,  those  who  have  made  their  mark,  are  knoT\Ti 
for  what  they  have  accomplished,  and  would  benefit  little, 
if  any,  bj'  the  introduction  of  a  membersliip  classification. 
Another  view,  held  perhaps  by  men  who  are  arriving  in  the 
profession,  is  that  a  group  should  be  formed  admission  to 
which  would  be  under  specifications  clearly  indicating  marked 
attainment  in  the  chemical  profession.  The  requirements  for 
admission  would  obviously  be  high,  and  perhaps  beyond 
those  wliich  qualifj-  a  candidate  for  admission  to  the  class  of 
"Fellow"  in  several  existing  organizations.  jMembership  in 
such  a  group  would  be  a  distinction  for  which  chemists  would 
be  glad  to  strive.  Still  another  view  is  that  expressed  by 
the  younger  men  who  desire  membersliip  in  the  Americ.^jv 
Chemic.\l  Society  to  indicate  chemical  training  and  ex- 
perience and  more  than  an  active  interest  in  chemistry. 
These  men  would  distinguish  between  those  who  are  prac- 
ticing chemistrj'  or  who  have  a  knowledge  of  chemistry  and 
those  who  now  become  members  of  the  Society  either  for 
the  encouragement  of  the  science  or  for  the  many  benefits 
which  the  Society'  affords.  They  hold  that  "member  of 
the  AiiERic.VN"  Chemic.u.  Society"  is  a  designation  which 
should  be  reserved  for  those  qualified  by  their  training  or 
experience  for  the  practice  of  chemistry,  and  that  interested 
nonchemists  would  be  just  as  well  pleased  to  be  known  as 
"subscribing  members." 

Granting  for  the  sake  of  argument  that,  having  accom- 
pUshed  our  present  success  under  a  liighlj'  democratic  or- 
ganization, it  is  now  time  to  make  changes  to  meet  changed 
conditions,  the  question  becomes — wliich,  if  any,  of  these 
ideas  should  prevail?  Having  suggested  that  those  who  have 
views  should  express  them  to  the  committee,  we  express  ours 
in  the  hope  that  many  will  come  forward  -nith  improvements. 

First  of  all,  whatever  is  done  should  not  be  retroactive, 
and  those  who  are  now  members  of  the  American  Chemical 
Society  should  continue  as  such  without  any  discrimination. 
Secondly,  we  believe  that  there  should  be  written  into  the 
requirements  for  membership  in  future  a  specification  calling 
for  chemical  training,  experience,  or  actual  participation  in 
chemical  work,  such  that  the  value  of  membership  will  be 
prized  and  surrendered  with  reluctance.  A  certificate  might 
be  issued  stating  that  the  holder  had  satisfied  specific  re- 
quirements and  in  consequence  had  been  made  a  member  of 
the  Society.     To  provide  for  those  who  do  not  aspire  to  this 


membership,  provision  should  be  made  for  a  class  of  sub- 
scribing members  who  would  not  receive  such  certificates, 
but  who  would  receive  the  journals  and  have  affiliation  vrith 
local  sections.  Then,  provision  should  be  made  for  a  class 
of  distinguished  chemists,  called  for  the  want  of  better 
designation  "Fellows  of  the  American-  Chemical  Society." 
There  are  those  who  do  not  like  this  phrase,  and  perhaps  a 
much  better  one  can  be  found,  but  the  point  we  desire  to 
stress  is  that  membersliip  in  this  group  should  at  once  in- 
dicate unquestioned  attainment  in  the  profession  of  chem- 
istry. Perhaps  not  more  than  five  or  ten  per  cent  of  our 
present  membersliip  could  qualify,  but  having  WTitten  re- 
quirements for  admission  into  this  group  and  then  having 
created  an  impartial,  small  committee  to  measure  a  man's 
accomplishments  against  these  requirements,  it  should  not  be 
difficult  to  make  election  to  this  group  of  Fellows  something 
which  any  chemist  in  America  w-ould  welcome  and  prize  as 
a  high  honor. 

By  this  plan  we  believe  the  value  of  membership  in  the 
Americ.\n  Chemical  Society  would  be  greatly  enhanced, 
that  the  democratic  spirit  of  our  present  organization  would 
not  be  disturbed,  and  that  a  long  step  would  be  taken  in 
meeting  present-day  requirements. 

Executive  conmiittees  of  sections  should  discuss  the  prob- 
lem and  express  their  views.  Those  suggestions  which  repre- 
sent the  sentiment  of  a  section  should  be  officially  transmitted. 
Individual  opinions  are  also  wanted.  If  you  have  a  better 
plan  or  wish  to  discuss  the  one  here  set  forth,  address  your 
letters  to  WiUiam  Hoskins,  111  ^^'est  Monroe  St.,  Cliicago, 
lU.,  who  is  chairman  of  the  committee,  or  send  them  to  the 
editor  of  This  Journal,  wiio  will  be  glad  to  forward  all 
conununications  promptly  to  the  committee. 


Engineering  Education  and  American 
Industry 

'T'HE  Xational  Industrial  Conference  Board  in  Special 
•*■  Report  X'o.  25,  under  the  abov-e  title,  presents  the 
conclusions  of  a  group  of  skilled  and  experienced  men  on  a 
subject  of  iaterest  to  all  chemists.  The  report  is  the  joint 
work  of  the  board  with  a  conmiittee  from  the  Society  for 
the  Promotion  of  Engineering  Education,  and  it  shows 
clearly  the  interrelationship  between  the  engineering  schools 
and  the  industries  as  well  as  the  need  for  cooperation  be- 
tween the.<e  groups  if  success  is  to  follow  the  effort  to  develop 
industrial  leaders.     The  report  is  summarized  as  follows: 

1 — There  is  a  rapidly  growing  need  for  administrative  and 
technical  abihty  in  practically  all  lines  of  activity.  This  is 
especiallj-  true  of  the  manufacturing  and  mechanical  industiies. 

2 — There  is  an  increasing  demand  for  graduates  of  engineering 
schools  to  enter  upon  work  which  will  fit  them  for  positions  of 
administrative  as  well  as  technical  responsibility.  This,  ap- 
parently, is  because  courses  of  education  in  engineering  and 
applied  sciences  have  been  highly  successful  in  the  early  develop- 
ment of  both  kinds  of  talent. 

3 — The  demand  for  young  men  with  capacity  for  becoming 
administrative  or  technical  leaders  is  already  far  greater  than 
the  number  of  such  men  now  being  graduated  from  the  engineer- 
ing schools. 

4 — It  is,  nevertheless,  more  important  that  a  greater  pro- 
portion of  the  graduates  of  engineering  schools  be  young  men  of 
high  quality  than  that  the  total  number  of  graduates  be  in- 
creased.    Therefore,  admission  to  these  schools  should  be  based 
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on  selective  tests  for  fitness,  intelligence,  and  character  as  well 
as  for  knowledge. 

5 — The  preparatory  schools  can  perform  a  great  service  to 
industry  as  well  as  to  the  students  by  properly  evaluating  the 
advantages  of  the  engineering  schools  and  guiding  toward  those 
schools  the  boys  who  have,  or  in  whom  can  be  developed,  an 
interest  in  producing  things.  Such  boys  should  develop  into 
industrialists. 

6 — There  is  a  growing  opinion  that  the  engineering  schools 
should  provide  a  thorough  grounding  in  fundamentals  of  en- 
gineering and  applied  sciences,  rather  than  specialized  training. 
Such  a  grounding  is  best  accomplished  when  accompanied  by 
actual  contact  with  industry  as  well  as  by  work  in  classroom 
and  laboratory. 

7 — There  should  be  mere  and  better  training  courses  in  con- 
nection with  industrial  establishments  to  supplement  the  edu- 
cational courses  of  the  colleges. 

8 — Close  coordination  of  educational  effort  between  indus- 
trialists and  educators  is  therefore  necessary  to  meet  the  need  for 
leaders. 


Reorganization  of  Executive 
Departments 

TT  WILL  be  recalled  that  the  reorganization  of  the  execu- 
■■■  tive  departments  of  the  Government  has  been  a  question 
under  discussion  for  some  months  and  that  the  plan  submitted 
by  a  joint  committee  had  the  approval  of  the  late  President. 
There  are  many  features  of  the  plan  which  do  not  appeal  to 
certain  Cabinet  officers  and  those  who  dislike  to  see  a  bureau 
transferred  from  one  department  to  another,  no  matter 
how  logical  that  may  be.  There  has  been  particular  oppo- 
sition to  the  proposed  consolidation  of  the  War  and  Na\'y 
Departments  under  a  single  Cabinet  officer  in  a  new  depart- 
ment known  as  the  Department  of  Defense.  There  are, 
however,  some  features  of  the  reorganization  plan  to  which 
there  is  no  such  opposition  and  concerning  which  action 
should  be  taken  at  once. 

One  is  to  reduce  the  routine  work  which  heretofore  has 
been  a  part  of  the  President's  duty.  It  is  recommended 
that  he  be  provided  ^vith  a  secretary  as  at  present,  and  with 
an  executive  secretary  who  would  have  charge  of  four  assis- 
tants. One  of  these  would  be  responsible  for  the  personnel 
to  deal  with  patronage;  another  would  keep  the  President 
informed  as  to  the  progress  of  bills  in  both  houses  of  Con- 
gress and,  in  turn,  advise  the  Congress  of  the  President's 
wishes  in  matters  of  legislation;  a  third  would  advise  the 
President  of  public  opinion  as  reflected  by  the  press;  and 
the  fourth  would  be  in  charge  of  applications  for  clemenc}' 
and  prepare  the  facts  upon  wliich  the  President  could  take 
action. 

Another  step  in  reorganization  which  should  be  taken 
at  once  concerns  the  Department  of  the  Interior.  For  some 
time  the  engineers,  in  particular,  have  advocated  the  creation 
of  a  Department  of  Public  Works,  and  that  portion  of  the 
reorganization  plan  which  deals  with  the  Department  of 
the  Interior  embraces  many  of  the  essential  features  pro- 
posed by  the  engineers.  At  a  recent  meeting  of  the  Execu- 
tive Board  of  the  Federated  American  Engineering  Societies, 
preliminary  steps  were  taken  to  hold  a  conference  on  the 
subject  in  Washington,  January  9,  1924,  and  to  urge  Con- 
gress to  put  the  plan  into  effect. 

About  two  hundred  technical  and  allied  organizations  have 
been  invited  to  send  delegates  to  this  conference.  Mean- 
while, a  bill  authorizing  the  reorganization  of  the  Department 
of  the  Interior  in  accordance  with  the  provisions  noted  below 
and  including  an  Assistant  Secretary  for  Public  Works  will 
be  prepared  and  introduced  in  Congress.  As  proposed,  the 
new  Department  of  the  Interior  would  have  the  following 
organization  (the  words  in  parentheses  designating  the  present 


connections  of  certain  groups  not  now  in  the  Interior  De- 
partment) : 

Secretary  of  the  Interior 
Executive  Offices 
Assistant  Secretary  for  Public  Domain 
Administration  of  Alaska  and  Hawaii 
Indian  Lands  and  Reservations 
General  Land  Office 
Geological  Survey- 
War  Minerals  Relief  Comn 
National  Park  Service 
National  Military  Park  Co 


Federal  Power  Section  (Federal  Power  Con 
Assistant  Secretary  for  Public  Works 
Bureau  of  Public  Roads  (Agriculture) 
Supervising  Architect's  Office  (Treasury) 
Alaskan  Engineering  Commission 
Reclamation  Service 
Board  of  Engineers  for  Rivers  and  Harbors  (War) 

Board  of  Engineers,  New  York  City  (War) 

United  States  Engineer  Offices  (War) 

Mississippi  River  Commission  (War) 

California  Debris  Commission  (War) 
Board  of  Road  Commissioners  for  Alaska  (War) 
Bureau  of  District  of  Columbia  Buildings  and  Grounds 

Ofi5ce  of  Public  Buildings  and  Grounds  (War) 

Commission  of  Fine  Arts  (Independent) 

Superintendent  State,  War,  and  Navy   Department   Buildings     (Inde- 
pendent) 

Architect  of  the  Capitol  (Congress) 

Rock  Creek  and  Potomac  Parkway  Commission  (Independent) 
Solicitor  (Justice) 


Purchase  and  Sale  of  Degrees 

'T'HE  American  Chemical  Society  has  played  an  active 
*■  part  in  the  effort  to  make  impossible  the  selling  of 
academic  degrees  by  those  who  claim  to  represent  reputable 
American  vmiversities.  One  of  the  greatest  offenders  has  been 
the  Oriental  University,  with  headquarters  in  Washington, 
and  our  readers  will  rejoice  to  hear  that  the  Post  Office  De- 
partment has  issued  a  fraud  order  against  the  Oriental  Uni- 
versity and  H.  P.  HoUer,  its  president.  In  his  report  to  the 
Postmaster  General  recommending  the  issuance  of  the  order, 
the  Acting  Solicitor  declared  that  the  evidence  in  the  case 
showed  that  "this  is  a  scheme  for  obtaining  money  through 
the  mails  by  means  of  false  and  fraudulent  pretenses,  repre- 
sentations, and  promises." 

But  there  are  other  groups  which  also  need  official  notice. 
They  are  to  be  found  in  various  parts  of  the  country  and,  as 
they  operate  principally  in  foreign  countries,  it  seems  neces- 
sarj'  for  our  technical  journals  again  to  state  that  no  reputable 
educational  institution  offers  degrees  for  sale. 

From  England  we  have  notices  and  correspondence  offer- 
ing any  degree  which  may  be  desired  by  the  University  of 
the  Trinity  College,  Chicago,  111.,  and  the  Lincohi-Jeflerson 
University  of  the  same  city.  The  advertising  matter  de- 
scribes the  colors  and  materials  of  wliich  the  hoods  for  the 
various  degrees  are  made,  and  while  it  is  claimed  that 
degrees  are  awarded  only  upon  merit,  tliis  is  largely  offset 
by  the  statement,  "in  special  cases  a  thesis  consisting  of 
about  seven  thousand  five  hundred  words  on  a  subject 
chosen  with  the  consent  of  the  faculty  concerned  is  ac- 
cepted from  candidates."  Neither  of  these  institutions  is 
listed  in  any  educational  directory  nor  in  the  telephone 
directory  of  the  city,  and  inquiries  sent  to  the  address 
given  have  failed  to  secure  response. 

Not  to  be  outdone  by  the  Middle  West,  the  Far  West 
has  a  similar  institution  at  Highland  Park,  Los  Angeles, 
Calif.,  and  advertises  in  Italy  through  an  agent  in  Venice. 
This  is  called  the  American  University.  The  main  office, 
headquarters,  and  campus  consist  of  a  small  upstairs  room. 
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which  also  serves  as  the  living,  sleeping,  and  oflBce  quarters 
of  the  "dean."  The  principal  furnishings  of  the  "university" 
are  a  dilapidated  bed,  an  aged  desk,  and  a  couple  of  chairs, 
which  harmonize  perfectly.  This  alleged  university  offers 
to  confer  doctor  and  engineer  degrees  and  the  title  of  professor, 
and  to  issue  diplomas  to  accountants. 

Those  who  operate  these  spurious  institutions  cannot 
always  be  apprehended.  Surely  few  fail  to  realize  that  in 
purchasing  a  degree  they  are  endeavoring  to  acquire  a  dis- 
tinction which  to  be  genuine  must  be  obtained  by  a  far  more 
arduous  proceeding.  It  is  therefore  not  easy  to  prove  that 
the  purchaser  has  been  defrauded.  To  show  that  he  who 
purchases  does  so  with  the  intent  of  defrauding  others  would 
be  a  simpler  matter.  It  is  somewhat  like  a  case  where  a  man 
was  tried  for  seUing  loaded  dice  and  marked  playing  cards. 
He  was  able  to  prove  that  he  sold  these  devices  for  just  what 
they  were — those  who  were  to  be  sued  for  fraud  were  his 
purchasers,  not  himself. 

However,  action  can  proceed  along  other  lines,  as  in  the 
case  of  the  Oriental  University.  This  "university"  adver- 
tised a  dean  and  numerous  professors  in  each  of  several  so- 
called  colleges,  claiming  a  total  of  forty-seven  resident 
professors  in  the  "faculty."  The  nonexistence  of  any 
faculty  in  the  true  sense  of  the  word  and  the  finding  that  the 
so-called  "faculty"  functioned  principally  in  inducing  persons 
to  become  students  and  remit  the  necessary  fee  was  sufficient 
ground  for  issuing  the  fraud  order. 

We  give  publicity  to  these  facts  as  they  come  to  us,  in  the 
hope  that  no  one  will  allow  himself  to  be  deceived  by  any  of 
these  devices. 


Parallels 

13  EAD  the  following  panegyric  on  Athens  by  Pericles 
■'■^  recorded  by  Thucydides,  II,  .37,  translated  by  Jowett, 
and  quoted  from  "The  Greek  View  of  Life,"  by  G.  L. 
Dickinson: 

Our  form  of  government  does  not  enter  into  rivalry  with  the 
institutions  of  others.  We  do  not  copy  our  neighbours,  but  are 
an  example  to  them.  It  is  true  that  we  are  called  a  democracy, 
for  the  administration  is  in  the  hands  of  the  many  and  not  of  the 
few.  But  while  the  law  secures  equal  justice  to  all  alike  in  their 
private  disputes,  the  claim  of  excellence  is  also  recognized;  and 
when  a  citizen  is  in  any  way  distinguished,  he  is  preferred  to  the 
public  service,  not  as  a  matter  of  privilege,  but  as  the  reward  of 
merit.  Neither  is  poverty  a  bar,  but  a  man  may  benefit  his 
country  whatever  be  the  obscurity  of  his  condition.  There  is 
no  exclusiveness  in  our  public  life,  and  in  our  private  intercourse 
we  are  not  suspicious  of  one  another,  nor  angry  with  our  neigh- 
bour if  he  does  what  he  likes;  we  do  not  put  on  sour  looks  at  him, 
which,  though  harmless,  are  not  pleasant.  While  we  are  thus 
tinconstrained  in  our  private  intercourse,  a  spirit  of  reverence 
pervades  our  public  acts;  we  are  prevented  from  doing  wrong  by 
respect  for  authority  and  for  the  laws,  having  an  especial  regard 
for  those  which  are  ordained  for  the  protection  of  the  injured, 
as  well  as  for  those  unwritten  laws  which  bring  upon  the  trans- 
gressor of  them  the  reprobation  of  the  general  sentiment. 

And  we  have  not  forgotten  to  provide  for  our  weary  spirits 
many  relaxations  from  toil ;  we  have  regular  games  and  sacrifices 
throughout  the  year;  at  home  the  style  of  our  life  is  refined;  and 
the  delight  which  we  daUy  feel  in  all  these  things  helps  to  banish 
melancholy.  Because  of  the  greatness  of  our  city  the  fruits  of 
the  whole  earth  flow  in  upon  us,  so  that  we  enjoy  the  goods  of 
other  countries  as  freely  as  of  our  own. 

Then  again,  our  military  training  is  in  many  respects  superior 
to  that  of  our  adversaries.  Our  city  is  thrown  open  to  the  world, 
and  we  never  expel  a  foreigner  or  prevent  him  from  seeing  or 
learning  anything  of  which  the  secret  if  revealed  to  an  enemy 
might  profit  him.  We  rely  not  upon  management  and  trickery, 
but  upon  our  own  hearts  and  hands.  And  in  the  matter  of 
education,  whereas  they  from  early  youth  are  always  undergoing 
laborious  exercises  which  are  to  make  them  brave,  we  live  at  ease, 
and  yet  are  ready  to  face  the  perils  which  they  face. 

If  then  we  prefer  to  meet  danger  with  a  light  heart  but  without 
laborious  training,  and  with  a  courage  which  is  gained  by  habit 
and  not  enforced  by  law,  are  we  not  greatly  the  gainers?     Since 


we  do  not  anticipate  the  pain,  although  when  the  hour  comes, 
we  can  be  as  brave  as  those  who  never  allow  themselves  to 
rest;  and  thus  too  our  city  is  equally  admirable  in  peace  and  in 
war.  For  we  are  lovers  of  the  beautiful,  yet  simple  in  our  tastes, 
and  we  cultivate  the  mind  without  loss  of  manliness.  Wealth 
we  employ,  not  for  talk  and  ostentation,  but  when  there  is  a  real 
use  for  it.  To  avow  poverty  with  us  is  no  disgrace;  the  true  dis- 
grace is  in  doing  nothing  to  avoid  it.  An  Athenian  citizen  does 
not  neglect  the  state  because  he  takes  care  of  his  own  household; 
and  even  those  of  us  who  are  engaged  in  business  have  a  very 
fair  idea  of  politics.  We  alone  regard  a  man  who  takes  no  in- 
terest in  public  affairs,  not  as  a  harmless,  but  as  a  useless  char- 
acter; and  if  few  of  us  are  originators,  we  are  all  sound  judges  of 
a  policy.  The  great  impediment  to  action  is,  in  our  opinion,  not 
discussion  but  the  want  of  that  knowledge  which  is  gained  by 
discussion  preparatory  to  action.  For  we  have  a  peculiar  power 
of  thinking  before  we  act,  and  of  acting  too,  whereas  other  men 
are  courageous  from  ignorance  but  hesitate  upon  reflection.  And 
they  are  surely  to  be  esteemed  the  bravest  spirits  who  have  the 
clearest  sense  both  of  the  pains  and  pleasures  of  life,  but  do  not 
on  that  account  shrink  from  danger. 

To  sum  up,  I  say  that  Atheijs  is  the  school  of  Hellas,  and  that 
the  individual  Athenian  in  his  own  person  seems  to  have  the  power 
of  adapting  himself  to  the  most  varied  forms  of  action  with  the 
utmost  versatility  and  grace.  This  is  no  passing  and  idle  Word, 
but  truth  and  fact;  and  the  assertion  is  verified  by  the  position 
to  which  these  qualities  have  raised  the  state.  For  in  the  hour 
of  trial  Athens  alone  among  her  contemporaries  is  superior  to 
the  report  of  her.  No  enemy  who  comes  against  her  is  indignant 
at  the  reverses  which  he  sustains  at  the  hands  of  such  a  city;  no 
subject  complains  that  his  masters  are  unworthy  of  him.  And 
we  shall  assuredly  not  be  without  witnesses;  there  are  mighty 
monuments  of  our  power  which  will  make  us  the  wonder  of  this 
and  of  succeeding  ages;  we  shall  not  need  the  praises  of  Homer 
or  of  any  other  panegyrist,  whose  poetry  may  please  for  the 
moment,  although  his  representation  of  the  facts  will  not  open 
a  path  for  our  valour,  and  have  everywhere  planted  eternal 
memorials  of  our  friendship  and  of  our  enmity. 

In  how  many  ways  is  this  parallel  and  similar  to  orations 
which  for  a  hundred  years  have  been  delivered  about  our  own 
country?  Many  of  these  characteristics  of  ancient  Athens 
are  really  applicable  to  the  United  States,  but  it  is  well  to 
pause  and  question — ^what  are  we  doing  to  avoid  making 
applicable  to  America  the  comments  of  Mr.  Dickinson  upon 
the  later  trend  of  Athens  when  he  says: 

An  impression  so  superb  as  this  it  is  almost  a  pity  to  mar  with 
the  inevitable  complement  of  disaster  and  decay.  But  our 
account  of  the  Athenian  polity  would  be  misleading  and  incom- 
plete if  we  did  not  indicate  how  the  idea  of  equality,  on  which 
it  tiurned,  defeated  itself,  as  did,  in  Sparta,  the  complementary 
idea  of  order,  by  the  excesses  of  its  own  development.  Already 
before  the  close  of  the  fifth  century,  and  with  reiterated  emphasis 
in  the  earlier  decades  of  the  fourth,  we  hear  from  poets  and  orators 
praise  of  a  glorious  past  that  is  dead,  and  denunciations  of  a 
decadent  present.  The  ancient  training  in  gymnastics,  we  are 
told,  the  ancient  and  generous  culture  of  mind  and  soul,  is 
neglected  and  despised  by  a  generation  of  traders;  reverence  for 
age  and  authority,  even  for  law,  has  disappeared;  and  in  the  train 
of  these  have  gone  the  virtues  they  engendered  and  nurtured. 
Cowardice  has  succeeded  to  courage,  disorder  to  discipline;  the 
place  of  the  statesman  is  usurped  by  the  demagogue ;  and  instead 
of  a  nation  of  heroes,  marshaled  under  the  supremacy  of  the  wise 
and  good,  modern  Athens  presents  to  view  a  disordered  and 
competitive  mob,  bent  only  on  turning  each  to  his  own  personal 
advantage  the  now  corrupt  machinery  of  administration  and  law. 

Let  us  take  stock.  Are  we  threatened  with  a  repetition  of 
the  experience  of  this  nation,  now  far  past  its  perihehon? 
Do  we  give  such  attention  to  the  lessons  of  history  as  to 
realize  that  we  move  in  cycles  and  are  often  threatened  by 
the  same  rocks  that  have  wrecked  other  ships  of  state? 
Are  we  Americans  wise  and  strong  enough  to  right  our  course 
before  we  are  destroyed? 


Two  Things  To  Remember — Place  your  Christmas  order 
with  Alexander  Williams,  Jr.,  67  Wall  St.,  New  York, 
N.  Y.,  for  a  set  of  the  books  which  are  being  distributed  in 
connection  with  the  Prize  Essay  Contest.  These  books  are 
offered  Society  members  at  the  actual  cost  of  publication, 
$2.50  for  the  five  volumes. 

Make  your  hotel  reservations  for  the  Washington  meeting! 


December,  1923 
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Papers  presented  before  the  Joint  Session  of  the  Division  of  Industrial  and    Engineering   Chemistry  and  the  Division  of    Agricultural  and  Food 
Chemistry   at   the   66th  Meeting  of  the  American  Chemical  Society,  Milwaukee,  Wis.,  September  10  to  14,  1923. 


Variations  in  Wheat  Types 
Some  Causes  and  Effects 

By  L.  A.  Fitz 
Thb  Fi,eischmann  Laboratories,  New  York,  N.  Y. 

WHEAT,  rye,  and  barley  are  included  in  the  tribe  of 
the  grass  order  called  Hordeae.    Wheat  and  rye  are 
still  more  definitely  located  in  the  subtribe,   Triti- 
ceae.     There  are  in  cultivation  eight  groups  of  wheat  gener- 
ally recognized  with  botanical  names  and  relative  ranks, 
according  to  Hackel,  as  follows: 


7nonococcunt,  Linn,  einko 


;-kerneled  wheat 


polon 


Idicoccum,  Schr. 
spelta,  Lmti.,  spelt 
fvulgare,  Vill.,  common  wheat 
,  J  compactum,  Host.,  club  wheat 

I  turgidtim,  Linn.,  poulard  wheat 
\durum,  Desf.,  durum  wheat 

,  Linn.,  Polish  wheat 


We  are  interested  principally  in  the  common  and  the  durum 
wheats. 

From  the  beginning  of  botanical  classification  there  was 
a  tendency  to  regard  different  forms  of  wheat  as  distinct 
species.  Later  -svTiters  adopted  a  more  reasonable  view  and 
have  recognized  comparatively  few  species,  but  the  sub- 
divisions of  Trilicum  vulgare  are  regarded  as  varieties. 

Wheat  grown  in  the  United  States  shows  a  great  diversity 
of  type.  This  is  but  natural  since  wheat  has  been  grown 
in  all  the  forty-eight  States,  which  covers  a  wide  range  of 
environmental  conditions.  There  are  at  least  two  hundred 
distinct  varieties  known.  Some  of  these  are  of  local  adapta- 
tion, while  others  have  wide  adaptation.  Tliis  adaptation 
is  an  important  factor  as  it  affects  yield,  and  consequently, 
profits.  Hence  the  choice  of  variety  is  important  and  is 
given  careful  consideration  by  the  growers. 

Classification 

"Classification  of  American  Wheat  Varieties,"  by  Ball  and 
Clark'  is  the  best  and  most  recent  work  dealing  with  tliis 
subject.  The  classifications  made  are  based  on  much  pains- 
taking work,  including  over  twentj'-five  thousand  plantings 
in  classification  nurseries  in  widely  separated  portions  of 
the  United  States.  The  bases  of  classification  are  morpho- 
logical and  physiological  characters.  Under  the  former  are 
included  plant,  stem,  spike,  glume,  shoulder,  beak,  awn, 
kernel,  germ,  crease,  cheek,  and  brush  characters,  whOe 
under  the  latter  or  physiological  characters  are  productivity, 
milling  and  bread-making  value,  resistance  to  low  tempera- 
ture, and  resistance  to  disease. 

The  classification  of  commercial  wheats  based  on  kernel 
characteristics  di\'ides  the  market  wheat  into  five  great 
classes  or  types — namely,  hard  red  spring,  durum,  hard  red 
winter,  soft  red  winter,  and  white  wheat.  The  first  four 
classes  are  further  divided  into  three  subclasses  each,  the 
percentage  of  hard  and  vitreous  kernels  being  the  basis  of 
subdivision  in  the  hard  wheats.  Each  subclass  is  stUl  further 
divided  into  six  grades,  including  sample,  the  basis  for  separa- 
tion into  grades  being  quality,  condition,  mixture  or  foreign 
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material,  and  test  weight.  Some  attention  is  given  to  kernel 
characters,  but  comparatively  little  to  the  physiological 
characters  of  milling  and  baking  quality,  except  as  these 
may  inadvertently  be  involved  in  the  subclass  and  in  the 
numerical  grade  assigned  on  account  of  quahty,  condition, 
mix-ture,  or  foreign  material,  and  test  weight. 

We  are  interested  primarOy  in  the  milling  and  baking  or 
the  bread-making  values  of  these  wheats.  The  ultimate' 
relative  market  value  of  these  wheats  depends  upon  the  esti- 
mation of  mDling  and  baking  value  after  making  certain 
physical  and  chemical  tests. 

There  are  a  large  number  of  varieties  included  under 
each  class  of  wheat.  Some  of  these  varieties  are  well  known 
throughout  the  whole  section  producing  wheat  of  this  class; 
other  varieties  are  known  only  locally. 

Hard  Red  Spring  Wheat — Of  the  hard  red  spring  varie- 
ties, Fife  and  Bluestem  have  been  perhaps  Isest  known 
and  most  widely  distributed,  but  are  now  being  rapidly 
displaced  by  Marquis.  The  Fife  wheat  of  this  country 
dates  back  to  1842,  when  David  Fife,  of  Otonabee,  Ont., 
received  from  a  friend  in  Glasgow,  Scotland,  a  small  pack- 
age from  a  shipload  arriving  from  Danzig,  Germany,  but 
supposedly  of  Russian  origin.  Later  investigation  indi- 
cated that  the  wheat  originally  came  from  Galicia.  There 
have  been  many  synonyms,  such  as  Red  Fife,  Scotch  Fife, 
Canadian  Fife,  Powers  Fife,  WeUman's  Fife,  etc.  It  is  a 
hard  red  spring  wheat  with  a  short  kernel  having  a  wide, 
deep  crease. 

A  number  of  different  varieties  of  wheat  have  borne  the 
name  Bluestem,  but  the  particular  one  referred  to  in  the 
Dakotas  and  Minnesota  is  a  hard  red  spring  wheat  with 
glumes  pubescent  and  kernels  narrower  and  longer  than 
Fife.    It  shows  excellent  milling  and  baking  qualities. 

Marquis  is  of  hybrid  origin,  a  cross  between  Hard  Red 
Calcutta  and  Red  Fife,  made  by  William  Saunders.  It  is 
a  high  yielding,  early  maturing  variety  of  the  Fife  type, 
and  one  of  our  best  varieties  when  judged  from  the  milling 
and  baking  standpoint. 

Hard  Red  Winter  Wheat — In  the  hard  red  winter  wheat 
class,  the  varieties  Turkey,  Kharkov,  and  Kanred  are  best 
known  and  most  widely  distributed.  Turkey  was  brought 
into  south-central  Kansas  in  the  early  seventies  by  the 
Russian  Mennonite  settlers.  The  plant  is  very  winter- 
hardy  and  drought-resistant,  gi\'ing  good  yields.  The 
kernels  are  long,  hard,  dark  red  with  tight  crease.  This 
variety  is  especially  prized  for  its  high  milling  and  baking 
value. 

The  Kharkov  variety  was  probably  originally  identical 
■with  the  Turkey,  although  it  comes  from  the  province  or 
government  of  Kharkov,  about  two  hundred  mUes  further 
north  than  Crimea,  the  original  home  of  the  Turkey. 

Kanred  is  quite  similar  to  Turkey,  but  somewhat  more 
winter-hardy  and  rust-resistant.  It  is  the  product  of  a 
single  head  selection  from  the  Crimean  variety,  made  in 
1906  by  H.  F.  Roberts,  of  the  Kansas  Agricultural  Experi- 
ment Station.  Samples  of  Kanred  and  Turkey  grown  under 
the  same  conditions  have  been  subjected  to  milling  and 
baking  tests,  with  practically  identical  average  results.  It 
may  be  interesting  to  note  here  that  John  H.  Parker,  of  the 
Kansas   Agricultural  Experiment   Station,   has  made  some 
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crosses  between  Kanred  and  Marquis  which  are  very  promis- 
ing. If  he  has  succeeded  in  combining  the  good  qualities  of 
both  varieties  so  as  to  secure  an  early,  rust-resistant,  high- 
yielding  wheat  with  the  best  of  milling  and  baking  qualities, 
such  result  will  be  a  real  and  worth-while  achievement. 

Soft  Red  Winter  Wheats — The  soft  red  winter  wheats 
have  been  most  widely  known  through  such  varieties  as 
Fultz,  Fulcaster,  Mediterranean,  and  later  varieties  such  as 
Jones'  Winter  Fife,  Mealy,  and  Harvest  Queen.  These 
varieties,  like  those  of  the  hard  wheats,  represent  both 
bearded  and  beardless  types.  The  cliief  difference  between 
the  hard  and  soft  wheats  is  the  difference  in  texture  of  kernel. 
The  endosperm  of  typical  kernels  of  soft  wheat  is  entirely 
soft  and  mealy  or  starchy,  while  that  of  typical  kernels  of 
hard  wheat  is  hard  and  liorny  or  vitreous  throughout.  How- 
ever, each  class  produces  wheats  which  approach  the  other 
class  until  there  is  an  overlapping  in  kernels  that  are  semi- 
hard. 

White  Wheats — The  white  wheats  are  quite  widely 
distributed  throughout  the  United  States,  and  are  repre- 
sented by  a  large  number  of  varieties,  some  of  the  most 
important  being  White  Austrahan  (also  known  as  Pacific 
Bluestem),  Dawson's  Golden  Chaff,  Gold  Coin,  Defiance, 
Big  Club,  and  Little  Club.  A  large  number  of  the  wheats 
of  the  Pacific  coast  and  the  intermountain  area  belong  to 
the  white  wheat  class.  These  white  kerneled  varieties  are 
easily  distinguished  from  the  red  wheats  by  their  appear- 
ance, and  also,  as  a  rule,  possess  lower  milling  and  baking 
qualities. 

Durum  Wheats — The  durum  varieties  belong  to  a  class 
distinctly  different  from  the  common  bread  wheats.  The 
plants  all  have  the  spring  habit  of  growth,  the  leaves  have 
larger,  broader  blades,  and  the  spikes  are  compact  and  very 
heavily  bearded  or  awned.  Wlien  true  to  type  the  kernels 
are  very  hard  and  horny.  In  all  but  a  few  red  varieties 
the  typical  kernels  are  clear  or  translucent  and  generally 
referred  to  as  amber  colored. 

The  durum  wheats  have  been  widely  grown  in  the  United 
States  only  during  the  last  twenty  years,  and  on  account  of 
their  drought-resistant  quaUties  are  particularly  adapted 
to  the  arid  portions  of  the  western  spring  wheat  States. 
The  two  best  known  and  most  widely  distributed  varieties 
are  Arnautka  and  Kubanka. 

Variations  in  Wheat 

From  the  wheats  belonging  to  the  five  great  classes,  the 
mOler  selects  and  blends  until  the  mixture  going  to  his  rolls 
wdll  produce  a  type  of  flour  that  will  satisfy  iiis  customers, 
and  his  big  problem  is,  once  he  has  his  produi,o  estabhshed, 
to  maintain  a  uniform  quality  from  day  to  day  and  week  to 
week  throughout  the  year.  This  is  no  easy  task  because 
of  both  physical  and  chemical  variations  in  his  raw  product. 
He  has  to  contend  with  varietal  differences  witliin  a  given 
area  and,  what  is  u.-jUaUy  more  ii.iportant,  lie  must  deal 
with  differences  within  a  given  variety  due  to  climr.«ic  and 
sou  conditions. 

In  some  States,  such  as  Oliio  or  Pennsylvania,  the  varia- 
tions in  climatic  conditions  ..lil  not  be  great  and  the  varietal 
differences  will  be  more  manifest.  In  States  like  ^orth 
Dakota  or  Kansas,  where  t'i'>  rainfall  mry  vary  from  over 
30  inches  in  the  eastern  to  Itss  than  19  inches  i"-  *he  western 
part  and  the  altitude  also  increases  as  the  rainfall  decreases, 
the  variations  in  compos:-:;!:,^  due  to  climatic  difference 
far  exceed  those  due  to  variety. 

Variation  in  Protein  Content — The  amount  of  pro- 
tein in  relation  to  carbohydrates  is  the  factor  showing  great- 
est variation  and,  as  this  corresponds  very  closely  to  the 
amount  of  gluten,  it  is  a  most  important  factor.      The  soft 


red  winter  wheats  and  the  white  wheats,  each  considered 
as  a  class,  average  considerably  lower  in  protein  than  the 
hard  red  wheats  or  the  durum  wheats,  the  usual  range  being 
from  about  7  to  11  per  cent  in  the  soft  wheats,  while  the 
hard  wheats  may  contain  anywhere  from  8.5  to  over  23  per 
cent.  A  limited  amount  of  rainfall  with  some  hot  winds 
during  the  latter  part  of  tlie  fruiting  period  results  in  failing 
to  store  sufficient  carbohydrate  material  to  produce  a  plump 
kernel;  hence  the  resulting  kernel  is  shriveled,  of  low  test 
weight  and  low  flour  yield,  but  high  in  gluten  content. 
Usually  this  gluten  is  of  good  quality,  strong  yet  elastic, 
but  sometimes  it  is  tough  and  inelastic,  or  at  otlier  times 
it  is  sticky  or  runny.  Usually  the  quantity  of  wheat  having 
good  quality  of  gluten  is  rather  limited  and  the  miller  must 
resort  to  blending  wheats  with  glutens  of  opposite  qualities 
in  an  effort  to  produce  a  blend  that  will  have  gluten  satis- 
factory in  quahty  and  quantity. 

Yellow-Berry — While  different  lots  of  hard  winter 
wheat  consisting  wholly  of  hard  and  vitreous  or  flinty  kernels 
may  sliow  considerable  difference  in  protein  content,  a  more 
marked  difference  is  usually  shown  by  the  soft,  mealy,  or 
partially  soft  kernels  known  as  "yellow-berry"  hard  wheat. 
It  is  also  true  that  such  wheat  is  lacking  more  in  quality 
than  in  quantity  of  gluten. 

Hackel,  in  describing  the  yellow-berry  conditions,  says: 

If  the  albuminoids  so  fill  up  the  intervals  between  the  starch 
grains  that  the  latter  seem  to  be  imbedded  in  cement,  the  al- 
bumin appears  translucent  and  the  fruit  is  called  corneous;  but 
if  the  union  is  less  intimate,  there  remain  numerous  small  air 
cavities  and  the  albumin  is  opaque  and  the  fruit  is  mealy.  Both 
conditions  may  occur  in  the  same  variety  of  wheat. 

The  yellow-berry,  tlien,  appears  to  be  a  distinctly  physio- 
logical growtli  product  due  to  certain  conditions  thus  far 
not  clearly  analyzed  nor  satisfactorily  explained.  Author- 
ities, after  many  years'  investigation  into  tlie  causes  of 
yeUow-berry  and  means  of  prevention,  do  not  agree.  It 
seems  quite  probable  that  there  are  many  contributing 
factors  causing  yellow-berry  and  that  under  certain  condi- 
tions a  single  factor  may  be  the  controlling  one,  while  under 
different  conditions  the  effect  of  tliis  particular  factor  is 
not  recognizable. 

Le  Clerc  and  Yoder^  in  their  triangular  experiments  demon- 
strated that  climate  has  a  much  greater  influence  than 
son  upon  the  percentage  of  yellow-berry  and  upon  the 
chemical  composition. 

Headden'  states  that  his  experiments  did  not  substantiate 
the  claim  sometimes  made  that  climatic  conditions  favor- 
ably influence  tlie  development  of  or  cause  yeUow-berry. 
On  the  other  hand,  he  states  that  yeUow-berry  can  be  very 
much  lessened  or  entirely  prevented  by  the  apphcation 
of  a  sufficient  quantity  of  available  nitrogen;  that  yellow- 
berry  can  be  greatly  intensified  or  increased  by  the  ap- 
plication of  available  potassium;  that  yellow-berry  is  not 
in'^'cative  of  an  exhausted  soil;  that  tlie  presence  of  yellow- 
berry  indicates  that  potassium  is  present  in  excess  of  what 
is  necessary  to  form  a  ratio  to  the  available  nitrogen  pres- 
ent, advantageous  to  the  formation  of  a  hard,  flinty  kernel; 
furthermore,  tnat  yeOow-berry  is  under  the  control  of  the 
grower.  If  there  should  be  suflacient  difference  m  the  price 
of  grain  produced,  lie  could  control  it  with  a  margin  of  profit. 

These  conclusions  were  dia,>wi  from  a  comparatively 
limited  number  of  experimc.its  carried  on  in  the  State  of 
Colorado.  Whether  or  not  these  principles  can  be  applied 
throughout  the  country  seems  somewhat  doubtful. 

Experiments  carried  on  at  the  Kansas  Agricultural  Ex- 
periment Station  show  that  tlie  per  cent  of  yellow-berry 

'7.  Agr.  Research,  1,  275  (1914). 
>CoIo.  Agr.  Expt.  Sta.,  Bull.  206. 
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and  composition  of  the  seed  wheat  have  no  effect  upon  the 
per  cent  of  yellow-berry  or  the  protein  content  of  the  result- 
ing crop;  furthermore,  that  proper  crop  rotation  and  proper 
seed-bed  preparation  have  a  beneficial  effect  upon  milling 
and  baking  value  of  the  wheat;  and  that  apparently  some 
varieties  are  more  resistant  to  the  common  factors  which 
usually  result  in  increased  percentage  of  yellow-berry. 

It  is  probably  not  necessary  to  state  that  crop  rotation 
and  proper  seed-bed  preparation  bring  sufficient  jdeld  in- 
crease to  pay  several  times  the  additional  cost  of  production, 
even  though  an  improvement  in  milling  and  baking  quality 
were  not  secured. 


Flour  Manufacture 

By  C.  H.  Bailey 
University  of  Minnesot.^,  St.  Paul,  Minn. 

THE  success  of  the  roller  milling  process  is  depen- 
dent upon  the  fact  that  substantial  differences  exist 
in  the  physical  properties  of  the  several  wheat  kernel 
structures.  Thus,  the  branny  covermg  of  the  berry  is 
distinguished  by  its  tough,  fibrous  character.  The  germ, 
or  embryo,  is  rich  in  fats  and  oils,  and  hence  tends  to  flake 
when  crushed  between  rollers.  The  endosperm,  or  floury 
portion,  on  the  other  hand,  is  friable  and  tends  to  fracture 
when  struck.  It  is  impossible,  however,  to  effect  a  quantita- 
tive separation  of  the  various  kernel  structures  in  roller  mill- 
ing. Small  ciuantities  of  the  fibrous  bran  and  the  oily 
germ  find  their  way  into  the  flour,  and  particularly  into  the 
low  or  clear  grades.  A  substantial  proportion  of  endosperm 
or  floury  material  is  likewise  to  be  found  in  the  by-products, 
bran  and  middlings.  Commercial  bran  not  infrequently 
contains  15  to  20  per  cent  of  flour,  while  commercial  standard 
middlings  are  often  found  to  contain  30  per  cent  or  more  of 
flour.  It  accordingly  follows  that,  of  the  82  to  8.5  per  cent 
of  endosperm  (potentially  flour)  to  be  found  in  the  average 
plump  wheat  kernel,  not  to  exceed  72  to  75  per  cent  of  the 
kernel  is  separated  in  the  form  of  straight  grade  flour. 

In  the  modern  roller  mill  the  first  important  process  is 
cleaning  and  conditioning  the  grain.  Commercial  wheat 
frequently  contains  a  considerable  quantity  of  foreign 
matter,  including  weed  seeds,  sticks,  stones,  fragments  of 
straw,  etc.  An  effort  is  made  to  separate  these  from  the 
wheat  as  completely  as  possible  before  the  latter  is  ground. 
Northwestern  grown  hard  spring  wheat  contains  more  of 
this  foreign  matter  or  dockage  than  does  any  other  class 
of  American  wheat,  and  a  variety  of  cleaning  appliances 
are  necessary  to  the  separation  of  the  foreign  matter  in  this 
wheat.  Certain  of  the  weed  seeds,  which  are  most  difficult 
of  separation,  are  of  interest  to  the  chemist  because  of  con- 
stituents which  they  contain.  Thus  the  seed  of  the  corn 
cockle,  Agrostemma  githago,  contains  a  saponin  which  is 
reported  to  be  somewhat  toxic.  The  seed  of  the  wUd  vetch, 
Vicia  angustifolia,  is  very  yellow,  owing  to  the  carotinoid 
pigments  which  it  contains,  and  a  cyanogenetic  glucoside 
found  in  this  seed  yields  hydrocyanic  acid  and  benzaldehyde 
when  treated  with  warm  water.  If  wild  vetch  seed  is  present 
in  wheat  in  excess  of  1  per  cent  at  the  time  of  nulling,  the 
characteristic  odor  of  benzaldehyde  ^ill  be  observed  in  the 
dough  when  the  flour  is  mixed  with  water.  Seeds  of  the 
giant  ragweed,  commonly  known  as  "king  heads"  in  the 
grain  trade,  if  present  in  wheat  at  the  time  it  is  ground,  re- 
sult in  flour  of  less  desirable  properties.  It  is  accordingly 
necessary  that  such  seeds  be  separated  before  attempting 
to  grind  the  wheat. 


The  spores  of  bunt  or  stinking  smut  are  frequently  found 
in  commercial  grain,  particularly  from  western  areas,  and 
relatively  small  amounts  of  this  material  will  darken  the 
flour  appreciably.  Several  special  treatments  are  resorted 
to  in  order  to  remove  these  smut  spores,  including  scouring 
with  bolted  air-slacked  lime,  and  washing  with  liberal  quan- 
tities of  water.  In  the  latter  event  special  machinery  must 
be  available  for  "whizzing"  the  wheat  in  a  centrifugal  drier 
to  remove  the  excess  of  water. 

It  is  a  common  practice  to  add  appreciable  quantities  of 
water  to  dry  wheat  before  grincUng,  in  an  effort  to  enhance 
the  toughness  of  the  branny  covering.  This  water  may  be 
added  in  the  wet  washing  process  or  may  be  sprayed  upon 
the  grain  in  what  is  commonly  known  as  the  tempering 
process.  Freciuently,  cold  wheat  is  warmed  slightly  before 
the  tempering  water  is  added.  The  moistened  grain  is  held 
for  a  few  hours  in  order  that  the  bran  may  absorb  the  added 
water,  but  the  period  is  so  adjusted  that  no  substantial  pene- 
tration of  the  water  into  the  endosperm  results. 

The  cleaned  and  tempered  wheat  is  then  crushed  by 
passing  it  between  corrugated  steel  rollers.  The  individual 
roOers  of  the  pair  revolve  at  different  rates  of  speed,  the 
differential  being  commonly  about  2.5  to  1.  After  the  first 
breaking  or  crusliing  of  the  wheat,  the  resulting  chop  is 
bolted  and  the  coarse  material  reground  between  another 
pair  of  corrugated  break  rolls.  Five  or  six  breaks  are  ordi- 
narily provided  in  hard  wheat  miUs,  and  after  the  last  break 
the  coarse  material  is  known  as  bran. 

In  addition  to  the  coarse  fractions  scalped  from  the  break 
roU  chop,  two  other  classes  of  materials  are  separated  on 
bolting  this  chop.  The  fine  portion  which  will  pass  through 
a  bolting  silk  is  known  as  break  flour,  and  is  sprouted  di- 
rectly to  the  flour  bins.  Fragments  intermediate  in  size 
between  the  coarse  fraction  and  the  flour  are  known  as 
"middlings."  These  are  further  classified  by  passing  them 
over  a  sieve  in  a  machine  known  as  a  purifier,  which  effects 
a  separation  on  the  basis  of  size  of  particles.  In  addition, 
a  fan  at  the  top  of  the  purifier  box  draws  an  air  current 
through  the  sieves,  wliich  lifts  out  Ught,  fibrous  particles. 
The  purified  middhngs  are  then  ground  between  smooth 
steel  rollers  and  the  ground  material  is  bolted  to  remove 
the  fine  particles  of  flour.  Coarse  fractions  which  failed 
to  pass  through  the  flour  sieVes  are  reground  twice  or  three 
times.  The  flour  produced  by  each  regrinding  of  this  ma- 
terial contains  increasing  proportions  of  fiber,  ash,  and 
soluble  proteins,  and  becomes  progressively  darker  in  color. 
From  this  description  of  the  process  it  is  evident  that  a 
considerable  number  of  flour  streams  will  be  found  in  a 
flour  mill,  one  such  stream  resulting  from  each  break  and 
each  middlings  reduction.  Not  uncommonly  twenty  to 
twenty-five  or  more  flour  streams  are  thus  available  to  the 
miUer,  and  he  may  combine  any  or  all  of  them  to  suit  the 
demands  of  the  trade. 

While  the  individual  flour  streams  may  be  bleached,  the 
more  common  process  when  bleaching  is  resorted  to  is  to 
treat  the  finished  products  with  bleaching  agents.  The 
most  common  bleacliing  agents  used  in  American  mills  are: 

(1)  Nitrogen  pero.vide,  ordinarily  generated  in  the  mill  by 
means  of  a  flaming  electric  arc. 

(2)  Chlorine,  which  is  usually  purchased  in  a  liquid  form  in 
steel  drums,  often  mixed  with  small  percentages  of  nitrosyl 
chloride.  Chlorine  is  generated  by  the  electrolytic  process  in 
a  few  mills.  Occasionally,  a  double  treatment  with  chlorine 
and  anhydrous  ammonia  is  resorted  to. 

(3)  Nitrogen  trichloride  produced  commercially  by  passing 
gaseous  chlorine  through  a  solution  of  ammonium  sulfate. 

(4)  Benzoyl  pero.xide,  added  in  mixture  with  acid  calcium 
phosphate  below  the  second  break  roll. 

Numerous  criteria  of  flour  grades  have  been  proposed 
by  cereal  chemists  during  the   past  half-century.    Among 


1218 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  12 


these  the  foUo-wnng  may  be  mentioned:  (a)  ash  content, 
(6)  pentosan  content,  (c)  fat  content,  (d)  fiber  content,  (e) 
titrable  acidity  of  water  extracts,  (/)  percentage  of  soluble 
proteins,  (g)  specific  conducti\-ity  of  water  extracts,  {h) 
buffer  action  of  water  extracts,  (i)  catalase  activity,  (j) 
relative  proportion  of  branny  particles,  and  (k)  number  of 
wheat  hairs  per  unit  of  flour. 

All  the  foregoing  bear  a  negative  correlation  to  the  grade 
of  flour — that  is,  the  percentage  or  index  increases  with 
decreasing  grade  or  degree  of  refinement  and  commercial 
value.  In  addition  to  the  items  mentioned,  flour  grade  is 
generally  correlated  with  the  color  or  ■visual  appearance  of 
dry  flour,  of  dough  made  therefrom,  and  of  the  baked  bread. 
The  appearance  of  the  crumb  of  baked  bread  is  extensively 
used  in  cereal  laboratories  as  an  index  of  flour  grade.  The 
color  which  results  on  wetting  the  flour  is  used  in  a  crude 
way  bj'  millers  and  milling  chemists  in  what  is  known  as 
the  Pekar  test.  This  test  has  been  made  more  or  less  quan- 
titative by  measuring  the  relative  extent  of  color  change 
per  unit  of  time  in  the  freshly  wetted  material. 


Flour  and  Bread  as  Colloid  Systems' 

By  Ross  Aiken  Gortner 

University  op  Minnesota,  St.  Paul,  Minn. 

WHEAT  flour,  the  only  one  of  the  cereal  flours  wliich 
is  adapted  to  the  manufacture  of  j'east-leavened 
bread,  owes  its  desirable  properties  to  the  nature 
of  the  proteins  of  the  wheat.  These  proteins  have  been 
extensively  studied  and  comprise  a  prolamine  gliadin,  a 
glutehn  gbitenin,  an  albumin  leucosin,  a  globulin,  and  a 
proteose. 

The  gliadin  and  glutenin  are  present  in  the  dough  in  a 
rather  intimate  physical  or  phj'sico-chemioal  mixture  which 
is  kno-rni  as  the  gluten.  Whether  or  not  gluten  is  formed  in 
the  process  of  dough  manufacture  or  whether  it  already  ex- 
ists in  the  endosperm  of  the  wheat  berry  is  still  an  open 
question. 

The  gluten  plaj's  its  role  in  bread  manufacture  in  that  it 
absorbs  water  and  forms  an  elastic  gel,  which  stretches 
under  the  tension  of  the  carbon  dioxide  produced  by  yeast 
fermentation  and  thus  "raises"  the  loaf.  The  tenacity 
with  which  gluten  particle  adheres  to  gluten  particle  varies 
widely  from  flour  to  flour.  Those  flours  which  have  a  high 
ratio  of  carbon  dioxide  production  to  carbon  dioxide  diffusing 
through  the  gluten  are  desirable  for  bread-making  purposes, 
and  are  knowTi  as  "strong"  flours.  Those  flours  that  form 
douglis  which  fail  to  retain  a  large  proportion  of  the  carbon 
dioxide  are  known  as  "weak"  flours,  and  are  more  suited  to 
the  manufacture  of  pastry  and  crackers  than  to  yeast- 
leavened  bread. 

IMany  investigators  have  concerned  themselves  with  a 
study  of  the  factors  which  may  be  involved  in  flour  strength, 
but  it  has  been  only  recently  that  the  newer  theories  and 
methods  of  coUoid  chemistry  have  been  applied.  These  studies 
give  promise  of  assisting  materially  in  a  solution  of  the 
problem. 2 

^  Abstract  of  paper.  The  complete  paper  expanded  to  cover  a  some- 
what broader  field  will  appear  as  a  chapter  in  a  book  oo  colloid  chemistry 
which  is  to  be  issued  under  the  editorship  of  Jerome  Alexander. 

'  For  a  review  of  the  literature  dealing  with  flour  strength  and  the 
original  papers  on  the  relation  of  flour  strength  to  colloidal  properties,  see 
J.  Asr.  Research,  13,  389  (1918);  J.  Phys.  Chcm.,  26,  101  (1922);  27,  481, 
567,  674,  771,  in  press  (1923). 


The  work  referred  to  has  conxdnced  the  WTiter  that  the 
physical  properties  of  the  gluten  are,  in  many  instances  at 
least,  the  determining  factor  as  to  whether  or  not  a  given 
lot  of  flour  will  produce  a  satisfactory  loaf  of  bread.  It 
would  appear  that  the  physical  properties  of  the  gluten 
are  in  a  large  measure  determined  at  the  time  the  wheat 
proteins  are  laid  do-mi  in  the  endosperm  of  the  wheat  berry, 
with  the  result  that  the  strong  flours  are  strong,  not  be- 
cause they  differ  in  acid  or  salt  content  from  weak  flours, 
but  because  the  gluten  is  capable  of  forming  a  more  tenacious 
gel  than  is  the  gluten  from  a  weak  flour.  The  question  as 
to  why  glutens  differ  in  tenacity  is  stiU  unsolved.  Never- 
theless, the  fact  remains  that  such  differences  do  occur. 
It  would  appear  as  if  the  flour  strength  problem  were  closely 
allied  to  the  rubber  problem.  Why  does  rubber  produced 
in  different  locahties  and  by  different  methods  differ  so 
enormously  in  tensile  strength  and  in  value?  It  appears 
probable  that  rubber  is  a  polymer  of  isoprene.  It  may  be 
that  chemically  the  rubbers  are  indistinguishable  from 
each  other,  but  tliis  does  not  preclude  a  wide  difference  in 
physical  properties.  A  solution  of  the  rubber  problem  rnay 
solve  the  strong  and  weak  flour  question,  and  perhaps  the 
cereal  chemist  may  solve  the  problems  vexing  the  rubber 
manufacturer.  It  is  a  long  cry  from  bread  to  automobile 
tires;  nevertheless,  in  tliis  problem  of  tensile  strength  they 
meet  on  common  ground. 

In  an  investigation  ha\ing  for  its  object  the  question  as 
to  wliieh  of  the  proteins  of  wheat  flour  was  responsible  for 
the  variation  in  the  physical  properties  of  the  gluten,  it  was 
found^  that  the  alcohol-soluble  protein  apparently  showed 
uniform  physico-chemical  properties  in  both  strong  and 
weak  flour;  the  glutenin,  however,  differed  widely  from 
flour  to  flour  in  its  physico-chemical  properties.  It  appears, 
therefore,  that  the  question  of  flour  strength  is  dependent 
primaril}'-  on  the  physical  properties  of  the  glutenin.  ^'iscos- 
ity  measurements  on  flour-Ln-water  suspensions  brought 
to  a  pH  of  3.0  by  the  addition  of  lactic  acid  have  been  found 
to  serve  admirably  as  a  means  of  evaluating  gluten  quaUty, 
and  it  has  been  found  possible  by  such  measurements  to 
give  for  the  first  time  a  numerical  value  to  gluten  quality. 
Inasmuch  as  viscosity  is  such  an  important  property  to  the 
emulsoid  colloids,  it  appears  probable  that  the  colloidal 
properties  of  the  gluten  gel  are  the  determining  factors 
in  flour  strength.  It  is  possible  to  destroy  the  desirable 
baking  quaUties  of  wheat  flours  by  altering  the  physical 
properties  of  the  gluten  gel.  For  example,  doughing  up  a 
flour  with  70  per  cent  alcohol  and  iinmediatelj^  evaporating 
the  alcohol  at  room  temperature  ■niU  ruin  a  wheat  flour 
for  bread-making.  On  the  other  hand,  such  treatment  is 
without  effect  upon  rye  flour.  Both  wheat  and  rj^e  flour 
contain  the  same  jirolamine  gUadin,  but  rye  flour  contains 
no  glutenin,  and  these  experiments  are  regarded  as  addi- 
tional e\idence  that  it  is  the  phj^sico-chemical  properties  of 
the  protein  glutenin  which  cause  the  variation  in  the  baking 
quaUties  of  wheat  flour.  (Variations  in  baking  quality  may 
be  caused  by  factors  other  than  gluten  quahty.  The  dis- 
cussion in  this  paper  is  Umited  to  gluten  quality  and  is  not 
intended  to  include  factors  influencing  yeast  activity  or  vari- 
ations due  to  diflerent  amounts  of  gluten.) 

Colloid  phenomena  are  likemse  concerned  in  the  baking 
processes  and  in  the  baked  loaf.  During  the  baking  process 
the  proteins  are  heat-coagulated,  causing  changes  in  their 
water-holding  capacity.  A  part  of  the  starch  grains  are 
ruptured,  causing  the  gelatinized  starch  to  absorb  moisture, 
the  net  result  of  such  changes  being  that  the  consistency  of 
the  dough  is  altered  to  the  rather  firm  texture  of  the  baked 
loaf.     \Vhen  such  a  loaf  is  stored  at  ordinary  temperature 

'  J.  Phys.  Chem..  27,  674  (1923). 
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it  becomes  "stale,"  the  stale  condition  being  characterized 
by  a  crumbly  texture  and  a  feeling  of  dryness.  Apparently, 
the  staling  of  bread  is  not  due  primarily  to  a  loss  of  water 
from  the  loaf,  but  rather  to  changes  in  the  protein-starch 
gel.  Several  workers  have  produced  evidence  that  the 
staling  of  bread  is  caused  by  metastable  gelatinized  starch 
reverting  to  a  more  insoluble  form,  with  coincident  changes 
in  the  colloidal  properties  of  the  loaf,  such  as  differential 
syneresis  and  imbibition  in  different  portions  of  the  loaf. 


Panary  Fermentation 

By  C.  Brewster  Morison 

American  Institute  of  Baking,  Chicago.  III. 

THE  process  of  bread-making  may  be  divided  conve- 
niently into  three  principal  stages  which  are  well 
defined  in  plant  operation.  These  are,  in  sequence, 
the  mixing  of  the  raw  materials,  the  fermentation  of  the 
resulting  dough,  and  baking.  In  commercial  practice  the 
fermentation  period  is  generally  understood  to  be  the  total 
time  which  has  elapsed  from  the  completion  of  mixing  until 
the  dough  is  ready  for  scaUng  or  dividing.  Actually,  how- 
ever, fermentation  changes  are  initiated  during  mixing,  and 
continue  through  the  subsequent  mechanical  operations  of 
making  up,  recei\'ing  an  additional  impetus  from  the  liigh 
temperature  of  the  final  rising,  or  proof,  and  again  at  the 
beginning  of  baking  until  further  enzymic  activities  are 
terminated  by  the  destructive  temperature  which  is  reached 
after  a  certain  period  of  exposure  to  the  heat  of  the  oven. 

The  successful  control  of  fermentation,  especially  in  re- 
lation to  the  determination  of  the  time  required  for  the 
proper  development  of  the  dough,  so  that  it  can  be  made 
up,  given  the  final  proof,  and  baked,  is  perhaps  the  out- 
standing problem  of  the  bread-making  process.  It  involves 
not  only  the  effective  coordination  of  practically  all  plant 
operative  conditions  from  the  mixer  to  the  oven,  but  funda- 
mental considerations  relative  to  the  flour,  particularly  its 
strength,  tlie  properties  and  composition  of  the  many  other 
ingredients  used  in  bread,  and  their  adjustment  or  arrange- 
ment in  formulas.  It  is  thus  a  problem  complicated  by  a 
number  of  variables  in  any  given  set  of  conditions,  which 
include  shop  operative  factors,  character  of  flour  and  raw 
materials,  and  the  inherent  complexity  of  the  physical  and 
biochemical  changes  which  take  place  in  heterogeneous  sy.s- 
tems  such  as  a  bread  dough. 

The  essential  purpose  of  panary  fermentation,  expressed 
in  rather  general  terms,  is  the  effective  aeration  of  dough  by 
the  uniform  dispersion  of  a  gas  throughout  the  system, 
which  must  be  occluded  and  retained  by  the  gluten,  so  that  a 
well-risen  loaf  of  bread  wiU  result  on  baking,  of  required 
volume,  grain,  texture,  taste,  flavor,  and  certain  other  de- 
sirable characteristics.  This  process  must  be  so  conducted 
that  no  injury  or  weakening  is  done  to  the  colloidal  or  physical 
properties  of  the  wheat  protein  or  gluten  that  determine  the 
capacity  for  what  is  commonly  termed  "gas  retention"  in  the 
literature  of  flour  strength. 

Aeration  is  primarily  accomplished  by  the  use  of  various 
leavening  agents  from  biological  or  chemical  sources,  of  which 
culture  yeast  is  now  the  most  important.  Compressed 
yeast  produced  from  pure  culture  strains  of  the  organism 
physiologically  adapted  to  gas  production  in  the  complex 
environment  of  dough  has  practically  supplanted  the  old 
methods  using  natural  leavens,  barms,  ferments,  and  brewer's 
yeasts,  except  in  certain  instances  where  special  types  of 
bread  are  required;  but  even  here  biological  culture  materials 


are  coming  into  use,  such  as  the  well-known  salt-rising 
ferment  of  Kohman  and  the  recent  "sauerteig"  culture  of 
Beccard,  for  the  fermentation  of  sour  rye  doughs. 

Chemical  methods  of  aeration,  such  as  carbon  dioxide 
under  pressure,  or  a  saturated  solution  of  this  gas  in  water, 
have  now  little  more  than  historical  interest,  and  chemically 
reacting  compounds  which  evolve  gas  in  the  presence  of 
moisture  or  heat  find  their  chief  application  in  biscuit  and 
cracker  doughs,  cake  mixes,  and  self-rising  flours.  In 
American  bakery  practice  bread  generally  refers  to  the 
yeast-risen  product. 

The  history  of  yeast  as  a  leavening  agent  is  of  fascinating 
interest,  but  cannot  be  reviewed  here.  Malouin,  who 
wrote  the  first  book  of  any  value  on  baking  in  the  eighteenth 
century,  commented  enthusiastically  upon  the  introduction 
of  yeast  into  bread-making,  though  at  that  time  the  varieties 
used  were  chiefly  impure  brewers'  yeast.  He  recognized 
it  at  that  time  as  epoch-making  in  the  history  of  the  baker's 
art.  The  classical  researches  of  Pasteur,  Hansen,  and  Lindt- 
ner,  which  were  to  come  later,  on  pure  culture  yeasts  for  the 
fermentation  industries  have  very  probably  been  the  most 
significant  scientific  influence  on  the  advancement  of  baking. 
This  statement  can  readily  be  appreciated  if  we  imagine 
what  might  happen  Lf  culture  yeast  were  eliminated  from 
modern  commercial  practice.  Perhaps  the  future  may 
bring  forth  synthetic  catalysts  which  will  displace  yeast. 
Tliis  is  obviously  a  matter  of  speculation,  though  of  consider- 
able interest  to  the  physical  chemist. 

The  general  purpose  of  panary  fermentation  has  been  pre- 
xdously  indicated  and  reference  made  to  the  complicated 
nature  of  the  problem.  The  remainder  of  tliis  discussion 
win  be  confined  to  a  review  of  some  of  the  biochemical 
changes  that  take  place,  which  appear  to  be  of  suggestive 
interest. 

Biochemical  Changes 

The  fermentation  of  a  bread  dough  is  characterized  in  its 
general  aspects  as  a  complex  phenomenon  which  may  be 
largely  attributed  to  the  presence  of  enzymes  associated, 
not  only  with  the  physiological  activities  of  li^•ing  cells, 
yeast,  and  bacteria,  but  with  the  flour  and  other  products 
from  biological  sources.  The  typical  biochemical  changes 
involved  are  of  the  general  nature  of  reactions  catalyzed 
by  enzymes,  of  which  the  fermentation  of  hexose  sugars  by 
Biichner's  zymase,  a  veritable  battery  of  enzymes,  is  the 
most  prominent.  There  appears  to  be  good  evidence  that 
the  fermentation  of  sugar  by  living  yeast  cells  is  a  typical 
enzyme  reaction.  Other  changes  are  the  hydrolysis  of  the 
disaccharide  sugars,  sucrose,  and  maltose,  by  yeast  sucrase 
and  maltase,  with  the  production  of  the  hexose  sugars, 
glucose,  and  fructose,  and  that  of  starch  by  the  diastatic- 
enzymes  of  wheat  flour  and  other  materials  such  as  malt 
extract,  with  the  production  of  maltose  which  may  be  con- 
verted into  available  glucose. 

Some  hydrolysis  of  the  protein  constituents  of  doughs, 
particularly  the  gluten  of  wheat  flour,  probably  takes  place, 
though  there  is  little  information  in  the  hterature  regarding 
it,  either  as  to  the  extent  of  such  changes,  the  determining 
factors  involved,  or  to  the  sources  of  the  enzymes.  This 
is  a  problem  of  immediate  interest  in  connection  with  fer- 
mentation control,  particularly  in  relation  to  the  gas  reten- 
tion properties  and  coagulation  of  the  gluten,  which  should 
include  a  bacteriological  study  of  the  flour  and  other  sources 
of  bacteria. 

Effect  oi'  Carbohydeates 

The  carbohydrate  materials  used  in  bread  formulas, 
either  initially  or  subsequently  available  for  alcoholic  fer- 
mentation, are  rather  extensive.     Cane  sugar  is  generally 
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used  in  mo.st  bread  formulas  in  this  country,  to  a  greater 
extent  than  elsewhere.  Other  faniUiar  materials  are  sweet- 
ened condensed  milk,  malt  extracts,  su'ups,  and  various 
hydrolyzed  products  of  starch,  among  which  is  a  dried  product 
of  recent  interest  containing  over  90  per  cent  of  reducing 
sugars  as  dextrose  or  glucose. 

The  amount  of  sugar  initially  contributed  by  the  flour  is 
comparatively  insignificant.  Subsequently,  as  fermenta- 
tion proceeds,  the  amount  of  sugar  available  from  the  flour 
depends  largely  either  upon  its  own  diastatic  power  or  upon 
the  presence  of  active  diastases  from  other  enzyme-bearing 
materials  such  as  malt  extract.  The  colloidal  condition  of 
the  starch  is  probably  of  some  importance  here.  The  im- 
portance of  the  diastatic  content  and  activity  of  wheat  flour 
in  this  connection  has  been  recently  pointed  out  by  Rumsey, 
especially  in  regard  to  the  importance  of  sugar  production 
in  the  later  stages  of  fermentation,  particularly  in  proofing, 
and  during  the  first  few  minutes  of  exposure  to  the  heat  of 
the  oven,  while  the  effects  of  the  addition  of  diastatic  products 
have  been  investigated  by  CoUatz,  who  has  noted  the  de- 
sirable effects  of  supplementing  the  diastatic  content  in  relation 
to  gas  production  with  certain  types  of  flours. 

Effect  of  Temperature 

The  influence  of  temperature  on  fermentation  is  well 
recognized  in  commercial  practice  as  one  of  the  requirements 
of  successful  bread-making. 

The  temperature  coefficient  of  alcoholic  fermentation  by 
living  yeast  cells  has  been  shown  by  Slator  to  be  of  the 
same  order  as  for  many  chemical  reactions,  though  vary- 
ing considerably,  an  increase  in  temperature  correspond- 
ing with  a  diminution  of  the  coefficient.  Aberson's  results, 
Ki  +  10/Ki  =  2.72,  which  represents  the  mean  coeffi- 
cient for  10  degrees  between  12°  and  33°  C,  agree  well 
with  Slator's  observations. 

Gas  production  in  the  fermentation  of  doughs,  as  in- 
fluenced by  temperature  under  various  conditions,  has  been 
investigated  ever  since  there  was  any  scientific  interest  in 
the  subject,  and  considerable  study  has  also  been  made  of 
the  optimum  temperature  for  various  enzjTnic  hydrolyses, 
especially  of  the  diastases. 

In  conunercial  practice  straight  doughs  are  usually  set  at 
about  26°  to  27°  C.  Dough  rooms  are  maintained  at  about 
27.80°  C.  The  temperature  of  the  proof  is  considerably 
higher — 32°  to  37°  C,  for  example — ^which  greatly  increases 
bacterial,  yeast,  and  enzymic  activity.  On  baking  at  the 
usual  oven  temperature,  230°  to  248°  C,  the  center  of  an 
18-ounce  dough  may  reach  a  temperature  of  over  63°  C.  in 
about  15  minutes.  The  optimum  temperature  for  diastatic 
activity  appears  to  be  about  63°  to  65°  C.  Collatz  has 
recently  found  an  optimum  of  65°  C.  for  malt  flour.  The 
presence  of  bacteria,  such  as  the  butyric  acid  group,  which 
may  produce  undesirable  changes,  has  received  considerable 
attention  in  the  Uterature.  It  does  not  seem  very  probable 
that,  with  the  usual  temperature  employed  and  the  increased 
hydrogen-ion  concentration  which  develops  during  proofing, 
any  appreciably  injurious  effects  wiU  occur  from  these  sources. 

Effect  of  H-Ion  Concentration 

The  influence  of  the  hydrogen-ion  concentration  on  the 
fermentation  of  doughs  has  been  a  subject  of  much  interest 
in  recent  years.  Tliis  has  been  due  primarily,  no  doubt, 
to  the  more  general  recognition  of  the  importance  of  the 
hydrogen-ion  concentration  in  relation  to  chemical  reactions 
and  biochemical  phenomena  generally,  but  more  particularly 
in  baking  to  the  inspiration  from  the  well-knowTi  investiga- 
tion of  Jessen-Hansen  on  the  baking  value  of  wheat  flour. 
He  stated  in  this  paper  that  "for  the  dough  of  any  wheat 


flour,  there  exists  a  determined  concentration  of  hydrogen 
ions  with  which  the  bread  produced  from  this  flour  will  be 
the  most  successful,  and  tliis  concentration  is  greater  than 
that  which  is  found  in  a  dough  made  from  the  flour  in  ques- 
tion freslily  miUed  and  prepared  with  pure  distilled  water 
or  fresh  milk.  Tliis  optimum  concentration  corresponds 
approximately  to  the  exponent  of  the  hydrogen  ion  pH 
=  5.0;  and  that  the  hydrogen-ion  concentration  was  a 
little  higher  for  choice  flours,  and  slightly  lower  for  inferior 
flours,  and  that  the  different  artificial  methods  used  for 
increasing  the  baking  qualities  of  inferior  flours  are  of  no 
value  other  than  increasing  the  hydrogen-ion  concentration 
of  the  dough."  While  the  acidity  of  the  dough  had  long  been 
recognized  as  of  great  importance  in  bread-making,  considera- 
tion regarding  it  had  been  confined  before  Jessen-Hansen 
to  the  gross  effects  of  titrable  acidity. 

Since  1911,  however,  the  effect  of  acidity,  in  terms  of  the 
hydrogen-ion  concentration  generally  determined  by  electro- 
metric  methods  has  led  to  a  better  understanding  of  the 
phenomena  involved  and  the  limitations  of  our  present 
knowledge  of  its  influence  on  the  question  of  the  proper 
length  of  the  fermentation  period  with  various  kinds  of  flour 
and  other  components  of  bread  doughs.  Some  investiga- 
tors have  apparently'  considered  that,  if  a  bread  dough  is 
fermented  to  about  the  hydrogen-ion  concentration  of  10~^A^ 
or  pH  =  5.0,  the  problem  is  solved,  and  the  time  elapsed  from 
the  original  hydrogen-ion  concentration  to  the  development 
of  this  optimum  is  the  correct  period  of  fermentation.  Un- 
fortunately, however,  this  does  not  always  follow.  Bailey 
and  Sherwood  have  recently  stated,  after  a  long  and  pains- 
taking investigation  in  wliich  they  followed  the  changes  in 
hydrogen  concentration  as  pH  from  the  mixing  of  the  dough 
to  the  baked  bread  in  a  number  of  large  connnercial  doughs 
under  plant  conditions,  that  they  "do  not  feel  that  the 
control  of  the  hydrogen-ion  concentration  in  dough  fer- 
mentation necessarily  implies  entire  control  in  practical 
results." 

Their  summary  of  the  significance  of  the  hydrogen-ion 
concentration  is  of  much  interest.  In  their  opinion  the 
chief  reasons  are  that  the  isoelectric  point  of  the  gluten  is 
at  pH  =  5.0,  yeast  fermentation  apparently  reaches  a 
maximum  at  pH  =  5.0,  flour  and  malt  diastases  have  their 
optimum  activity,  other  things  being  equal,  at  pH  =  5.0, 
and  rope-producing  organisms  are  apparently  almost  in- 
activated and  their  activities  reduced  in  mediums  more 
acid  than  pH  =  5.0.  Since  patent  flour  doughs  are  much 
less  than  pH  =  5.0,  it  follows,  as  far  as  the  foregoing  phe- 
nomena are  concerned,  that  they  all  tend  to  approach  an 
optimum  as  the  dough  progressively  increases  toward  pH  = 
5.0.  "Whether  some  of  the  phenomena,  such  as  proteolysis, 
are  effected  in  the  same  direction  has  not  been  determined 
as  yet."  Bailey  and  Sherwood's  work  emphasizes  that, 
in  the  estimation  of  the  probable  rate  of  fermentation  of 
bread  doughs  for  their  optimum  hydrogen-ion  concentration, 
there  are  a  number  of  variables  wliich  must  be  taken  into 
account,  such  as  grade  of  the  flour,  consistency  of  the  dough, 
temperature,  weight  of  the  dough  batch,  and  the  influence 
of  materials,  the  comjiosition  and  properties  of  winch  may 
influence  the  rate  and  direction  of  the  change. 

An  important  point  is  made  in  reference  to  calculating 
the  period  of  fermentation  from  initial  hydrogen-ion  con- 
centration of  the  dough — that  tliis  should  be  done  in  relation 
to  the  grade  of  the  flour,  or  that  doughs  made  with  lower 
grades  be  deUberately  acidified  at  the  outset.  The  addition 
of  acids  and  acid-reacting  or  producing  materials  is  of  much 
interest  in  this  comiection. 

Additions  of  organic  acids  such  as  lactic  acid  to  bread 
doughs  under  certain  conditions  of  temperature  and  proper 
adjustment  of  the  formula  have  been  found  to  have  a  desir- 
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able  effect  in  rapidly  bringing  the  dough  to  the  optimum 
pH  for  baking. 

Another  important  influence  of  the  optimum  hydrogen- 
ion  concentration  of  bread  doughs  is  in  suppressing  the 
activities  of  certain  bacteria  other  than  those  of  the  mesen- 
teric group  responsible  for  rope. 

Other  Considerations 

There  are  many  other  aspects  of  panary  fermentation  that 
might  be  re\-iewed  which  are  concerned  'vidth  the  effects  of 
various  agents,  such  as  free  oxygen,  electroljlies,  fat  and  other 
compounds,  on  yeast  and  enzyme  action,  as  well  as  the 
interrelation  of  fennentation  changes  with  the  physical 
properties  of  the  gluten  for  the  retention  of  the  gas.  The 
study  of  lactic  acid  bacteria  suitable  for  introduction  into 
the  dough  batch  for  increasing  the  hydrogen-ion  concentra- 
tion is  now  being  the  subject  of  considerable  investigation. 
As  the  tendency  in  baking  has  been  to  shorten  the  fermenta- 
tion period  ever  since  it  began  to  adapt  itself  to  large-scale 
production  demands,  the  future  probably  will  bring  forth 
improvements  in  this  direction  both  from  the  mechanical 
and  biochemical  sides.  The  subject  in  its  entirety  is  such  a 
broad  one  that  many  points  of  interest  have  necessarOy 
remained  unmentioned.  If  the  impression  has  been  created 
that  panary  fermentation  offers  a  broad  field  of  study  for 
the  chemist  and  biologist,  it  will  have  served  its  purpose. 


calories  of  the  total  47  million  million  consumed.  Sherman* 
estimates  that  in  the  temperate  zone  from  40  to  75  per  cent 
of  the  total  calories  consumed  by  the  entire  I'opulation  is 
furnished  by  cereals  and  breadstuffs.  It  is  because  of  this 
that  the  nutritive  properties  of  bread  should  be  carefully 
studied  and  efforts  made  to  improve  its  nutritive  qualities. 


The  Role  of  Bread  in  Nutrition 

By  Worth  Hale 

Harvard  Medical  School,  Boston,  Mass. 

THE  importance  of  an  adequate  diet  in  its  relation  to 
health  and  growth  of  the  laboratory  animals  is  clearly 
understood.  So  far  as  animals  are  concerned,  fairly 
accurate  minimum  requirements  of  fat,  carbohydrate,  amino 
acids,  inorganic  substances,  and  accessory  food  factors  have 
been  estabhshed.  The  adequacy  of  many  individual  food- 
stuffs has  been  determined  and  such  as  have  been  deficient 
have  been  supplemented  by  the  diet  as  a  whole.  But  among 
cliildren,  where  the  rate  of  growth  is  relatively  very  slow,  the 
effects  of  undernourishment  are  less  clearlj'  defined.  As  a 
result  no  one  attempts  to  establish  a  minimum  of  the  indi- 
vidual food  substances  required  for  adequate  nutrition,  but 
rather  to  pro\'ide  a  verj'  considerable  excess  as  a  margin  for 
safety.  Nevertheless,  it  is  becoming  more  and  more  e\'ident 
that  there  are  many  cliildren  in  this  country  below  the 
average  in  weight,  height,  and  health,  in  some  cases  because 
of  inherited  factors,  possibly  more  often  because  of  faulty 
hygiene  or  because  of  a  diet  insufficient  in  amount  or  in 
quaUty.  Natural  foods  are  constantly  being  replaced  by 
prepared  foods,  either  as  a  matter  of  choice  or  as  is  neces- 
sary under  conditions  invohing  transportation,  preservation, 
and  storage  of  food  in  immense  quantity.  Economic  con- 
ditions limit  the  amount  and  the  kind  of  food.  "There  are 
some  children  the  largest  item  of  whose  diet  is  bread. 
There  are  numbers  of  children  whose  only  breakfast  is  bread 
and  coffee."' 

The  role  of  bread  in  nutrition  is  an  important  one.  During 
the  period  1915  to  1920  the  ten-year  average  per  capita 
wheat  consumption  for  the  United  States  rose  from  5..3  to 
5.8  bushels.-  Tliis  is  nearly  1  pound  of  wheat  per  day  iser 
person.  Some  of  this  represents  flour  and  cereals  other  than 
bread,  but  by  far  the  larger  amount  is  eaten  as  bread.  In 
England^  wheat   and   barley  represent    16   million   milUon 

'  Holt,  "Food,  Health  and  Disease,"  1922. 

2  World's  Almanac, 

'  Sarling,  "The  Feeding  of  Nations,"  p    143. 


I 

MO 

// 

// 

120 

// 

// 

IOC 

// 
// 
// 

1^3 

so 

// 
// 

Wimmm 

// 

60 

// 

40 

/        i^^^ 

//                   ^Wii^-|^B 

20 

wmtma^ 

0 

-in 

Days 

Fig.  J — Growth  Curve  of  White  Rats  Fed  upon  an  Exclu.sive  Diet. 
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Osborne  and  MendeP  have  reported  that  whole  wheat  sei-v- 
ing  as  92  per  cent  of  the  cUet  of  young  rats  together  with  butter 
fat  and  salt  induced  normal  growth  and  reproduction.  Sher- 
man, Rouse,  Allen,  and  Woods^  have  shown  that  a  mixtur-? 
of  five  parts  whole  wheat  and  one  part  dried  whole  milk  gave 
a  normal  rate  of  growth,  reproduction,  and  the  rearing  of 
young.  A  similar  mixture  using  patent  flour  was  not  ade- 
quate. However,  a  bread  made  with  two-thirds  white  flour 
and  one-third  dried  whole  milk  did  give  apparently  normal 
rates  of  gro'v\'th. 

As  affecting  mankind,  in  Labrador  and  Newfoundland 
beriberi,  a  nutritional  disease,  was  unknown  when  bread  was 
made  from  whole  wheat  flour,  but  with  the  introduction  of 
white  flour  it  became  a  frequent  disease.  Similar  symptoms 
of  undernourishment  appeared,  on  a  much  larger  scale,  among 
the  British,  who  used  white  bread,  but  not  among  the  Indian 
troops  whose  bread  was  from  coarse  whole  wheat  flour. 

One  might  assume  from  the  foregoing  that  whole  wheat 
bread  should  prove  far  more  adequate  than  white  bread. 
But  most  so-called  whole  wheat  flour  is  a  degerminated  and 
partly  decorticated  flour.  Flour,  whether  white  or  whole 
wheat,  is  variously  nulled  and  treated,  has  a  protein  range 
from  S  to  20  per  cent  and  the  bread  into  which  it  is  made  in- 
cludes other  fats,  carbohydrates,  proteins,  and  inorganic  salts  • 
in  varj-ing  amounts.  If  one  may  judge  by  the  names  applied 
to  commercial  bread,  many  contain  milk,  some,  cream,  and 
some,  vitamins.  Do  some  of  these  breads  approach  in 
nutritive  quality  the  growth-inducing  effects  noted  by  Os- 
borne and  Mendel  from  whole  wheat?  Are  the  commercial 
white  breads  necessarily  so  deficient  as  the  experiences  in 
Labrador  and  at  Kut-el-Amara  and  Sherman's  animal 
experiments  suggest? 

«  Sherman,  "The  Vitamins,"  1922,  p.  215. 
s  J.  Biol.  Chem.,  37,  557  (1919). 
«  Ibid.,  16,  503  (1921). 
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Bread  ha?  been  used  as  the  sole  diet  of  a  verj'  large  series 
of  animals,  including  mice,  rats,  and  pigeons.  In  the  feeding 
tests  on  rodents,  groups  of  from  four  to  ten  animals  reared 
from  the  same  stock,  which  received  a  diet  of  40  parts  rolled 
oats,  24  parts  hominy,  16  parts  meat  scrap,  8  parts  dried  whole 
milk,  and  1  part  table  salt,  were  fed  for  a  period  of  several 
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Fig.  2 — Growth  Curve  op  White  Rats:  I — .\fter  Donaldson's 
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months  or  until  the  death  of  the  animal.  The  rate  of  growth 
and  health  of  the  animals  on  a  bread  diet  were  in  all  cases 
controlled  by  a  similar  group  of  animals  on  the  normal 
laboratory  breeding  diet.  Food  and  tap  water,  and  in  some 
cases  distilled  water,  were  given  in  sufficient  amounts  to  keep 
the  animals  constantly  supplied  ^ith  food.  Unless  other-nise 
specified,  the  rats  and  mice  were  young  animals,  the  rats 
approximating  50  grams,  the  mice  15  grams.  Separate 
records  of  each  individual  were  kept,  which  noted,  in  particu- 
lar, changes  in  weight  and  in  the  general  condition  of  the 
animal. 

Experiments  on  White  M/m  Whole  Wheat  Bread 

In  some  preliminary  tests  of  commercial  bread,  two  whole 
wheat  and  two  white  breads  were  selected.  These  were 
commercial  breads,  but  one  of  the  whole  wheat  and  one  of 
the  white  breads  contained  calcium  as  a  direct  addition 
product  (as  an  aid  to  the  fermentation  bj'  yeast).  The  other 
whole-wheat  bread  was  labeled  to  suggest  the  presence  of 
Aitamins.  Both  whole  wheat  breads  (very  probably  made  in 
1918 — of  war-time  flour)  were  far  superior  to  the  two  wliite 
breads,  and  one  of  these,  containing  added  calcium,  induced 
a  fair  rate  of  increase  in  weight  of  10  grams  at  the  tenth  week, 
which  weight  was  maintained  for  22  weeks,  when  the  experi- 
ment was  discontinued.  During  this  period  two  litters  of 
young  were  born  though  not  reared.  The  other  whole  wheat 
bread,  the  trade  name  of  which  suggested  the  presence  of 
vitamins,  gave  not  quite  so  good  initial  growth,  later  losses  in 
weight,  four  of  the  ten  animals  died,  and  no  young  were  born. 


The  two  wliite  breads  both  gave  some  increase  in  weight, 
but  later  rapid  declines  with  eleven  deaths  among  twenty 
animals  in  spite  of  addition  of  yeast  to  the  diet,  on  the 
seventy-ninth  day. 

In  a  later  series  groups  of  both  mice  and  rats  were  fed, 
using,  in  addition  to  the  normal  laboratory  diet,  three  wliite 
and  tliree  whole  wheat  breads.  At  the  end  of  the  experi- 
mental period  of  3  months  the  mice  on  the  normal  diet 
had  gained  more  than  had  any  of  the  other  groups  fed  on 
bread.  However,  the  mice  on  one  of  the  white  breads 
(an  experimental  bread  made  ■nith  milk  and  an  aqueous 
extract  of  wheat  embrj^o)  had  made  closely  comparable 
gains  in  weight.  In  both  groups  all  animals  were  in  excellent 
condition  during  the  whole  period.  The  other  breads  (three 
whole  wheat  and  two  white  breads)  may  be  grouped  together 
as  not  being  favorable  to  growth.  A  summary  of  the  re- 
sults appears  in  Table  I. 

Table  I — Weight  Changes  op  Mice  at  I3th  Week  or  at  Death  of 


Diet 
Normal  diet 
Experimenla! 

White 

Whole  wheat 


Animal 
—Gains  in  Weight- 
Grams 


\    2.9 
I    5.4 

\   3,8 
(    1.1 
I  parenthes 


2.5 
5.3 

2.8 
0.8 


4.8 
1.5 
0.4 


9.9 
9.6 
2  9 
0.1 
(0.2) 
(0.5) 
0.3 


Deaths  before 
13th  Week 
None 
None 
One 
Two 
None 
Two 
All  died 


iMore  striking  than  these  results  on  mice  were  those  ob- 
tained using  rats  as  the  test  animals.  In  all  cases  there  is  a 
fair  gain  in  weight  during  the  first  week  or  two,  but  after 
that  only  the  control  group  and  the  group  on  the  experimental 
bread  continued  to  increase  in  weight.  The  five  commercial 
breads  were  inadequate  to  a  surprising  degree.  The  results 
may  be  summarized  as  follows: 

Table  II — Weight  Changes  op  Rats  at  13th  Week  or  at  Death  op 


Animal 

-Gains  in  Weight- 

Deaths  beporb 

Diet 

Grams 

13th  Week 

Normal 

121 

121            108 

98 

Experimental 

110 

86              64 

56 

None 

(      42 

14              12 

10 

WTiite 

(      38 

18                8 

4 

One  death 

19 

14             (2) 

(7)  ) 

■RTiole  wheat 

1 

0            (10) 

(14)  [ 

All  died 

4 

(2)             (2) 

(4) 

Numbers  in  parenthe 


Ddicate  loss  in  weight. 


As  in  the  case  of  the  mice,  e^adences  of  poor  nutrition,  as 
indicated  by  failure  to  gain  in  weight,  are  accompanied  by 
an  increase  in  the  number  of  deaths.  The  rats,  however, 
seemed  to  suffer  the  most,  but  this  may  be  due  to  the  relative 
maturity  of  a  mouse  at  15  grams  as  compared  with  a  rat  at 
50  grams,  the  initial  weights.  Younger  animals  always  show 
a  marked  unfavorable  response  to  an  inadequate  diet;  older 
animals  show  a  less  striking  response,  but  at  times  show  loss 
in  weight  or  at  most  a  slow  rate  of  increase.  In  addition 
to  their  failure  to  induce  gro'n'th,  xerophthalmia,  which  is 
associated  ■with  a  deficiency  in  fat-soluble  vitamin  A,  was 
noted  among  several  of  the  rats  on  the  two  whole  wheat  breads. 

In  the  earlier  series  the  whole  wheat  breads  were  noted  to 
be  superior  to  both  the  white  breads  in  the  growth  and  health 
of  mice,  but  in  tliis  series  the  experimental  wliite  bread  was 
far  superior  wlule  two  conmiercial  white  breads  (one  a  so- 
called  cream  bread),  although  much  less  adequate,  were  Uke- 
■wise  better  diets  than  the  three  whole  wheat  breads. 

Having  secured  so  much  better  nutrition  from  the  experi- 
mental bread  than  from  the  commercial  breads,  a  third  series 
of  feeding  was  begun.  Three  experimental  wlute  breads 
were  made  v\ith  somewhat  differing  formula.  One  contained 
4  per  cent  dried  whole  milk  powder  and  an  aqueous  extract  of 
wheat  embrj'o;  one,  these  ingredients  and  an  increase  in  the 
protein  content  by  adding  3  per  cent  peanut  protein;    the 
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tliird  was  made  with  6  per  cent  dried  wliole  milk.     Several 
commercial  breads  were  fed  as  controls. 

Both  rats  and  mice  were  fed,  with  results  in  general  agree- 
ment with  those  already  noted.  The  mice  were  less  unfavora- 
bly affected  by  the  less  adequate  bread  diets  than  the  rats. 
The  terminal  data  for  the  rat  feeding  covering  a  13-week 
period  are  given  in  Table  III. 


(Severe  tDolyneunh's 
^\  wheat  germ  En  tract 


Fig.  3 — Growth  Curve  of  Pigeon  on  an  Exclusive  Bread  Diet. 
Lower  Picture — Polyneuritis  on  Representative  White  Bread. 
Upper  Picture — Same  Animal  5  Hours  Later — after  Being  Fed 
Wheat  Germ  Extract 

An  analysis  of  the  data  in  Table  III  shows,  as  in  the  second 
series,  that  the  animals  on  a  normal  diet  make  the  best  gains 
in  weight.  But  it  is  clear  with  this  larger  group  of  experi- 
mental and  commercial  breads  that  the  three  experimental 
breads  are  distinctly  in  a  class  by  themselves,  providing  a 
diet  on  which,  comparatively  speaking,  good  growth  is  secured 
and  upon  which  no  animals  died.  It  should  be  noted  that  one 
of  the  whole  wheat  breads  gives  distinctly  better  growth 
and  maintenance  than  the  others.  (Curve  V,  Fig.  2)  The 
three  other  whole  wheat  and  the  three  commercial  breads 
were  very  deficient  from  the  standpoint  of  securing  adequate 
nutrition  from  a  single  food  substance.  In  another  series  a 
whole  wheat  bread  made  with  some  milk  gave  even  better 
growth  (Curve  IV,  Fig.  2),  indicating  that  milk  effectively 
supplements  wheat  as  an  adequate  food. 

Table  III — Additional  Experiments  on  Both  Rats  and  Mice 


Diet 

Gain  in  Weight 

Grams 

• 

Normal 

161 

150 

130       101 

98 

fiS 

A 

103 

85 

82         80 

7.'; 

fiS 

Experimental 

Co. 

84 

69 

46         44 

H 

59 

S8 

56         55 

49 

47 

SO 

(2) 

(2)         (4) 

(5) 

(7) 

White 

1 

(2) 

(3)         (4) 

(K) 

/6) 

1 

(3) 

(4)         (4) 

65) 

(7) 

i 

16 

11 

10         10 

1(1 

fi 

Whole  wheat 

9 
4 

S 
(I) 

0           0 

(5)         (5) 

(3) 

fS) 

(IB) 
(9) 

K 

1 

(1) 

(1)         (2) 

(b) 

(H) 

a  Only  four  rats 

on  this 

bread 

Number 

s  in  parenthe 

sis  indicate  decrease  i 

n  weight. 

This  comparatively  good  result  with  the  one  whole  wheat 
commercial  bread  may  be  explained  by  the  fact  that  it  is 
actually  made  from  whole  wheat.  The  experimental  wliite 
breads  probably  owe  their  better  nutritive  balance  to  the 
added  milk  and  e;rtractive  from  the  wheat  embryo.  Both 
are  essential,  however,  for  when  added  to  bread  separately 
neither  gives  a  response  equal  to  their  combined  effect. 
Experiments  wtth  Special  Type  Bread 

One  commercial  white  bread,  deserving  separate  considera- 
tion, has  been  studied  to  determine  its  adequacy  as  a  diet. 


This  bread  is  made  wth  whole  milk,  extract  from  wheat 
embryo,  and  added  calcium.  On  analysis  it  shows  especially 
a  higher  protein  content,  more  fat,  particularly  butter  fat, 
and  a  higher  ash  content  than  the  average  white  bread. 
The  analysis  shows  43.9  per  cent  starch,  8.9  per  cent  protein, 
5.4  per  cent  fat,  including  1.8  per  cent  butter  fat.  The 
potassium  content  exceeds  that  of  the  average  wliite  bread 
by  three  times,  calcium  by  ten  times,  iron  by  two  times,  and 
phosphates  by  2.5  times. 

Rats  have  made  excellent  gains  in  weight  when  fed  on  tins 
white  bread,  exceeding  very  materially  the  growth  already 
noted  of  those  animals  upon  the  several  experimental  breads. 
In  fact,  animals  on  this  bread  diet  have  grown  quite  as  rapidly 
as  normal  animals,  some  showing  more  rapid,  others  less 
rapid  gro^i;h.  So  far  as  can  be  determined,  the  differences 
in  the  rate  of  growth  are  more  related  to  the  normal  variation 
in  animals  from  the  same  stock  than  to  the  diets  of  bread  or 
of  the  mixed  grains,  meat,  and  milk  of  the  control  groups. 

A  summary  showing  increases  in  weight  of  three  series, 
each  of  12  weeks'  duration,  is  given  in  Table  IV. 


Table  IV — Comparison  of  Special  and  Normal  Diets 


Diet 
Normal 
Special 
Normal 
Special 
Normal 
Special 


140 
138 
179 
168 


-Gain  in  Weight- 
Grams 
133  122 


137 
169 
157 
155 


131 
164 
143 
154 


ion 

128) 
152  1 
140) 


Series  I 
Series  II 
Series  III 


The  twelve  rats  on  normal  food  gained  1773  grams,  those  on 
this  bread  1734  grams.  The  weekly  average  gain  for  the  rats 
on  normal  food  was  12.31  grams,  or  those  fed  on  bread  12.04 
grams.  These  results  are  distinctly  in  contrast  to  all  feeding 
tests  made  on  commercial  bread,  either  white  or  whole-wheat, 
and  on  experimental  bread  made  by  the  addition  of  milk 
(in  smaller  amounts)  and  an  aqueous  extract  of  wheat  embryo. 

Fig.  1  illustrates  in  detail  the  rate  of  growth  of  animals 
fed  upon  an  exclusive  diet  of  this  bread  (terminal  data  in 
Table  IV)  and  on  other  breads  (terminal  data  in  Tables  II 
and  III). 


Starch  £3 
Casein  IS 
Buffer  to 
Salts      4 


DiefH  Diet  jSL  Diet  IS 

Specia  I  dread  C8  Same  as  White  Bread  <38 

Casein           is  n    /  «,  /  Casein         18 

BuHcr          lo  '^'^'  ""'  Butter 

Salts            t  Salts 


IGO      130      SOO     P^O     740 
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Fig.  4 — Growth  Curve  of  a  White  Rat  on  Various  Diets.  VriAMiN 
B  Deficiency  in  White  Bread;  Adequate  Amounts  in  New  Type 
White  Bread 

Fig.  2  is  drawn  from  data  obtained  in  an  experiment  of 
longer  duration  with  curves  to  show  Donaldson's  normal 
growth  curve,  the  normal  curve  of  the  control  animals,  of 
animals  fed  on  this  special  white  bread,  on  a  whole  wheat 
bread  made  with  some  mUk,  and  on  the  best  of  the  com- 
mercial whole  wheat  and  white  breads. 

That  this  bread  owes  its  superior  growth-inducing  quali- 
ties in  part  to  an  adequate  amount  of  vitamin  B  is  shown 
by  feeding  pigeons.     On  ordinary  white  bread,  polyneuritis 
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developed  in  about  3  weeks.  The  same  pigeon,  after  having 
been  cured  by  feeding  vitamin  B  in  concentrated  form,  re- 
mained in  good  healtli  and  grew  normally  for  several  montlis, 
although  fed  only  this  white  bread.  (Fig.  3)  Similarly,  of 
two  pigeons  fed  on  bread,  the  pigeon  fed  one  of  the  average 
white  breads  developed  polyneuritis  on  the  eighteenth  day, 
and  subsequently  died.  The  other  has  been  fed  this  special 
white  bread  for  many  months  with  no  apparent  impairment  of 
growth  or  health. 
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Fig.  5 — Growth  Curve  of  a  White  Rat.  Vitamin  A  DspiciBncy  in 
Ordinary  White  Bread;  Adequate  Amounts  in  the  New  Type  Bread. 
Top,  Xerophthalmia  on  White  Bread;  Bottom,  Cured  and  Normal 
Growth  on  New  Type  Bread 

That  vitamin  B  has  this  pronounced  beneficial  effect  on 
nutrition  from  a  diet  of  white  bread  is  further  shown  by  the 
fact  that  a  diet  of  purified  foodstuffs — starch  68,  casein  18, 
butter  fat  10,  inorganic  salts  4  per  cent — leads  to  rapid  loss  of 
weight,  as  does  also  this  diet  mixture  in  which  the  starch  is 
replaced  by  ordinary  white  bread.  This  purified  diet  may, 
however,  be  made  sufficient  for  normal  growth  when  0.3 
gram  brewers'  yeast  is  added  or  when  the  starch  is  replaced 
by  this  new  type  of  bread  or  when  the  whole  mixed  diet  is 
changed  to  a  diet  of  this  bread  alone.  This  is  demon.strated 
in  Fig.  4,  which  shows  graphically  a  part  of  the  life  history  of 
an  individual  rat  whose  diet  was  changed  from  time  to  time. 

The  average  commercial  bread,  mth  fat  derived  from  vege- 
table sources,  is  necessarOy  deficient  in  vitamin  A.  This  is 
shown  by  the  development  of  xerophthalmia.  Not  only  has 
this  not  developed  when  feeding  this  new  wliite  bread,  but 
such  bread  when  given  to  animals  with  xerophthalmia  cures 
the  disease  and  induces  normal  growth,  a  contrast  which  is 
shown  graphically  in  Fig.  5. 

The  increased  inorganic  salts  may  likewise  play  some  part 
in  the  superior  nutritive  property  of  this  new  bread.  Re- 
peated experiments  have  shown  that  bread  salts  are  not 
physiologically  adequate,  and  that  additions,  particularly  of 
calcium,  to  diets  increase  the  growth  response,  or  in  the  case 
of  isolated  tissues  (the  frog's  heart)  the  activity  of  the  tissue. 

As  a  supplement  to  the  animal  tests,  the  cooperation  of  a 
small  institution  housing  children  was  secured.     The  diet  in 


this  home  is  rather  ample  and  of  considerable  variety,  so  that 
no  large  changes  were  expected  by  changing  the  bread  used. 
The  children  in  the  home  were  divided  into  two  groups 
according  to  age  and  sex.  To  one  the  regular  institutional 
diet  was  given,  which  fortunately  included  one  of  the  white 
breads  already  studied  on  animals.  The  other  group  re- 
ceived the  new  type  of  bread,  but  in  no  other  re.spect  was 
there  any  change  made  or  suggested  in  the  diet.  Of  the 
forty-five  children,  thii-ty  remained  in  the  home  several 
months.  Measurements  without  clothing  were  made  every 
2  weeks.  The  test  was  discontinued  at  the  end  of  9  months. 
The  eight  boys  on  the  ordinary  white  bread  gained  4.26 
pounds  more  than  the  expected  gain  at  their  age,  averaging 
0.53  pound  more  for  each  child.  The  similar  group  of  seven 
boys  on  the  special  bread  gained  6.33  pounds  more  than  was 
to  be  expected  during  the  same  period  and  age — an  average 
gain  over  the  expected  rate  of  0.90  pound  for  each  chUd. 

The  girls  in  both  groups  made  larger  gains  than  the  boys, 
which  suggests  that  the  total  calorie  intake  was  low  and 
affected  the  more  active  boys  to  a  greater  degree.  Of  the 
group  of  seven  girls  on  ordinary  white  bread  each  gained 
2.28  pounds  more  than  the  expected  average,  while  of  the  group 
of  eight  girls  on  the  special  bread  each  averaged  2.46  pounds 
greater  gain,  and  this  in  spite  of  the  fact  that  one  of  these 
girls,  mentall)'  backward  and  losing  weight,  is  included  in 
the  latter  group.  To  exclude  this  indi\ddual  the  gains  would 
be  2.28  in  one  case  and  3.28  in  the  other.  The  numbers  are 
too  small  for  one  to  venture  conclusions,  but  the  fact  remains 
that,  in  spite  of  small  numbers  and  with  only  about  700 
calories  of  the  total  diet  changed,  the  special  bread  groups 
consistently  made  better  weight  increases. 

This  new  type  of  white  bread  clearly  stands  in  a  class  by 
itself.  Not  one  of  the  other  breads  begins  to  compare  with 
it  as  a  weU-balanced  food.  Much  of  that  wliich  wheat  had 
lost  in  the  mUling  and  refining  process  has  been  returned  to 
the  bread  in  concentrated  form.  The  proteins  of  the  wheat 
have  been  supplemented  and  made  adequate  by  the  addition 
of  a  natural  food  product,  milk.  It  is  significant  that  the 
full  nutritive  value  of  bread,  the  fundamental  criterion  of 
excellence  of  bread,  is  being  developed  in  that  industry  which 
supplies  nearly  one-third  the  calories  in  one's  daily  food! 


Symposium  on  Heat  Transfer 

As  previously  announced,  a  Symposium  on  Heat  Transfer  will 
be  held  at  the  spring  meeting  of  the  American  Chemical 
Society,  under  the  auspices  of  the  Division  of  Industrial  and 
Engineering  Chemistry.  A  number  of  papers  are  in  preparation 
by  writers  well  versed  in  various  applications  of  heat  trans- 
ference.    These  papers  may  be  classified  as  follows : 

1 — ^Heat  Losses  by  Radiation  plus  Convection,  through  Bare  and  In- 
sulated Surfaces 

(a)  From  Pipes     (6)  From  Furnace  Walls 

{c)   From  Miscellaneous  Shapes 
2 — Heating  or  Cooling  of  Noncondensable  Gases 

(o)   The  Warming  of  Air  in  Hot-Blast  Heaters 
3 — Heating  or  Cooling  of  Liquids  Flowing  inside  Pipes 

(a)   Water     (6)  Oils 
4 — Condensation 

(a)   In  Surface  Condensers  and  Water  Heaters 
5 — Evaporation 

(a)  The  Analysis  of  Certain  Comparative  Tests  on  Evaporators 

(6)   Heat  Transfer  in  Enameled  Apparatus 
6 — Miscellaneous  Topics 

(a)  "A  Heat  Meter" 

(6)  The  Determination  of  Air  in  Steam,  and  the  Importance  of  This 
Factor  in  Heat  Transmission 

In  order  that  those  interested  may  have  ample  time  to  prepare 
discussion  of  these  papers,  advance  copies  bound  under  one  cover 
will  probably  be  issued.  To  this  end  it  is  necessary  that  the 
complete  manuscript  be  in  the  hands  of  the  chairman,  W.  H. 
McAdams,  Massachusetts  Institute  of  Technology,  Cambridge, 
Mass.,    not   later   than   January  15,  1924. 

Erle  M.  BiLLrNGS,  Secretary 
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Reproduction  of  Animals  on  an 
Exclusive  Diet  of  Bread' 

By  Charles  Hoffman 

Ward  Baking  Co.,  New  York.  N.  Y. 

THE  problem  of  building  a  loaf  of  bread — one  that 
is  wliite  of  crumb  and  one  with  the  degree  of  lightness 
demanded  by  the  American  public — was  more  than 
merely  adding  the  vitamin  B  and  vitamin  A  factors.  It  was 
necessary  to  balance  the  proteins  and  the  mineral  salts  in 
order  to  obtain  a  product  which  would  be  of  real  benefit  to 
humanity.  The  problem  was  difficult;  at  every  step  fer- 
mentation and  baking  problems  were  encountered.  The 
question  of  producing  lightness  in  a  loaf  which  contained 
such  a  large  quantity  of  wheat  extract  was  a  problem  to  solve, 
and  when  the  protein  was  increased  the  leavening  problem 
became  doubly  difficult.  Then  the  keeping  and  eating 
quaUties  of  the  loaf  had  to  be  considered.  There  was  no 
idea  of  commercializing  the  discovery  of  the  vitamins.  The 
aim  was  to  produce  in  bread  a  well-balanced  food.  Bread  is 
the  chief  food  of  all  civOized  nations,  is  eaten  at  every  meal, 
and  totals  from  20  to  70  per  cent  of  the  daily  food  consumed. 

The  cliief  questions  wliicli  we  need  to  consider  in  regard  to 
a  super-bread  of  this  type  are — does  it  bring  economy  to  the 
consumer,  and  is  it  needed  in  the  American  diet?  The  con- 
sumer is  entitled  to  know  whether  it  is  economy  to  pay  3  to  4 
cents  more  per  22  ounces  of  bread  for  a  super-bread  than  for 
common  bread.  As  a  matter  of  fact,  it  is  economy.  In  the 
first  place,  the  same  nutritive  value  could  not  be  obtained 
through  eggs,  milk,  cereals,  meat,  potatoes,  and  vegetables 
at  twice  the  cost  that  can  be  purchased  through  the  super- 
bread.  The  loaf  of  bread  is  an  economical  medium  for  de- 
livering rich  whole  milk  to  the  consmiier.  Whole  mUk  can 
be  deUvered  at  9  cents  a  quart  in  a  loaf  of  bread.  The 
mUk  in  this  form  is  safe  for  children,  and  when  baked  in  com- 
bination with  the  other  dough  ingredients  makes  a  food  wliich 
can  be  digested  and  assimOated  by  the  weakest  stomach. 

The  results  of  diet  studies  and  observations  among  school 
children  show  the  need  of  a  super-bread  in  the  diet.  The 
selective  draft  during  the  last  war  found  30  per  cent  of  Ameri- 
ca's young  men  to  be  physically  unfit  for  militaiy  ser\'icc. 
Authorities  state  that  the  visible  malnutrition  and  under- 
nourishment among  our  school  children  runs  much  higher 
than  30  per  cent.  There  are,  no  doubt,  an  equal  number 
which  are  undernourished  but  show  no  visible  defects.  Im- 
proper selection,  economy,  transportation,  and  distribution 
of  food  are  the  chief  contributing  factors  causing  malnutri- 
tion. Tliis  seems  strange  because  tliis  nation  has  an  abun- 
dance of  food,  and  food  of  the  right  kind.  The  right  kind  of 
food,  however,  is  not  selected  by  the  consumer  so  as  to  pro- 
duce a  balanced  diet.  StiU  there  is  the  important  fact  that 
the  great  majority  of  the  public  does  not  understand  the 
newer  principles  of  nutrition.  The  results  of  an  improjjcr 
diet  are  not  confined  to  children;  a  large  percentage  of 
grown-ups  show  defects  from  improper  diet.  Lowered  resis- 
tance and  easy  fatigue,  indigestion,  and  intestinal  disorders 
are  a  few  of  the  results  of  poorly  balanced  diets. 

Dr.  McCarrison,  of  the  Royal  College  of  Physicians  and 
Surgeons  of  England,  has  made  an  extensive  study  of  the 
diets  of  men  and  women  in  England  and  compared  these  with 
the  diets  of  men  and  wild  animals  in  Asia.  In  his  lecture 
at  the  University  of  Pittsburgh  in  Januaiy,  1922,  Dr.  McCar- 
rison stated  that  much  of  the  gastro-intestinal  disorder  of 
civilized  people  at  the  present  day  is  due  to  faulty  diets.  He 
found,  during  liis  nine  years  of  prof essional  work  in  the  remote 

of  preceding  paper  by  Worth  Hale  on  "The  Role  of  Bread 


part  of  the  Himalayas  far  removed  from  the  refinements  of 
civilization,  that  certain  races  are  of  magnificent  physique, 
preserving  until  late  the  character  of  youth;  they  are  usually 
fertile,  long-lived,  and  endowed  with  nervous  systems  of  nota- 
ble stability.  During  his  stay  among  these  people  he  never 
saw  a  ease  of  authenic  dyspepsia,  of  gastric  or  duodenal  ulcer, 
of  appendicitis,  of  colitis,  or  of  cancer,  although  he  averagocl 
four  hundred  major  operations  per  year.  He  found  their 
buoyant  health  a  notable  contrast  with  the  dyspeptic  and 
colonic  afflictions  which  he  encountered  among  the  liighly 
civOized  communities  upon  liis  return  to  the  West.  The 
people  in  these  communities  live  upon  unsopliisticated  foods 
of  nature — milk,  eggs,  grains,  fruit,  and  vegetables.  Dr. 
McCarrison  concluded  that  the  enforced  restriction  to  the 
natural  foodstuffs  of  nature  was  compatable  with  fertility, 
long  life,  continued  vigor,  perfect  physique,  and  a  remarkable 
freedom  from  digestive  and  gastro-intestinal  disorders  and 
from  cancer.  McCarrison  agrees  with  Hindhede,  who  affirms 
on  unequivocal  evidence  that  the  two  chief  causes  of  disease 
and  death  are  food  and  drink. 

Drs.  Packer  and  Moehlen,  in  examining  84,389  cluldren  for 
height,  weight,  size,  and  school  standing,  found  with  but 
few  exceptions  that  at  every  age  from  6  to  14  years  the  degree 
of  backwardness  or  progress  in  school  work  follows  closely  the 
undernourished  or  weU-nourished  condition  of  the  child, 
as  measured  by  height  and  weight. 

In  this  country  we  are  rarely  confronted  vnth  a  serious 
deficiency  of  any  one  food  factor  in  the  diet.  We  are  con- 
fronted, however,  with  the  problem  of  obtaining  the  proper 
amounts  of  all  the  factors.  The  most  dangerous  condition 
exists  where  we  are  just  below  the  subminimal  amount  of 
any  one  factor.  Under  these  conditions  defects  in  the  diet 
are  seldom  observed  and  may  not  be  evident  until  late  in 
life  and  through  succeeding  generations.  Where  subnormal 
conditions  are  observed  they  may  be  ascribed  to  other  causes 
than  the  diet.  The  tendency  is  to  look  for  an  actively  in- 
jurious substance  rather  than  the  absence  of  one  or  more 
essential  nutritious  elements. 

McCoUum^  states: 

The  evidence  is  overwhelming  that  the  keynote  of  successful 
nutrition  is  the  selection  of  foods  having  unlike  dietary  properties, 
but  so  constituted  as  to  supplement  each  other's  deficiencies 
and  to  make  a  mixture  which  affords  the  most  satisfactory 
amounts  of  each  of  the  essential  food  elements,  rightly  combined. 
The  generalization  has  been  made  that  a  diet  may  afford  a  sur- 
prisingly great  variety  of  foodstuffs,  including  cereal  grains, 
tubers,  fleshy  roots,  fruits,  and  liberal  additions  of  muscle  meats, 
and  still  fall  far  short  of  being  adequate  for  the  support  of  growth 
or  for  the  maintenance  of  health  in  the  adult. 

The  diet  must  be  considered  as  a  whole,  and  an  accurate  esti- 
mate made  as  to  the  degree  of  completeness  of  every  essential 
factor.  Since  in  this  country  the  term  "high  protein  diet"  is 
generally  synonymous  with  "high  meat  diet,"  it  will  be  seen 
that  disturbances  of  nutrition  believed  to  be  referable  to  e.xcessive 
protein  ingestion  may  well  be  due,  not  so  much  to  the  amount  of 
protein  eaten,  but  to  failure  to  take  a  complete  diet.  Such  a 
diet  is  only  to  be  secured  through  the  proper  selection  of  foods 
which  make  good  each  other's  deficiencies.  It  is  the  complete- 
ness of  the  diet  rather  than  an  unusual  amount  of  some  one  factor 
which  is  the  most  important  consideration. 

The  effect  of  a  partial  deficiency  in  the  diet  is  best  illustrated 
in  Chapter  XI  of  "Vitainins  and  the  Choice  of  Foods,"  by 
C.  C.  and  R.  H.  A.  Plimmer.  This  shows  what  the  effect 
of  border  line  nutrition  means  to  the  health  and  vitality  of 
the  individual.  By  making  bread  rich  in  vitamins,  proteins, 
and  mineral  salts,  a  factor  of  safety  is  introduced  at  every 
meal  wliich  guards  against  any  deficiency  in  the  diet  and 
which  will  raise  many  of  the  diets  on  the  border  line  of  nu- 
trition to  a  point  where  all  the  necessary  elements  are  pro- 
vided for  best  growth  and  health.  The  following  is  taken 
from  tliis  chapter: 

'  "The  Newer  Knowledge  of  Nutrition." 
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Between  the  complete  absence  of  any  one  vitamin,  causing  beri- 
beri, scurvy,  etc.,  and  a  diet  containing  a  sufficient  quantity  of  all 
the  vitamins,  numerous  variations  are  possible,  and  many  people 
exist  upon  a  diet  between  these  two  extremes.  The  value  of  a 
diet  cannot  be  judged  by  its  palatability  and  apparent  variety. 
The  unpalatable  and  monotonous  diet  adopted  in  Denmark 
during  the  war  is  in  striking  contrast  to  a  common  diet  of  the 
poorer  classes  in  this  country,  as  shown  below. 

The  Danish  diet  contained  all  the  vitamins,  and  good  protein 
was  provided  by  the  milk;  meat  was  practically  unobtainable 
except  by  the  very  wealthy.  During  the  period  of  its  consump- 
tion the  death  rate  fell  by  34  per  cent,  thus  demonstrating  its 
efficiency.  From  this  experience  Hindhede,  a  Danish  physiolo- 
gist, concluded  that  "the  principal  cause  of  death  lies  in  food  and 
drink." 


Danish  War  Diet 


British  Working-Ci.ass  Diet 

Bread,  cakes,  and  puddings  made  from 
white  wheat  flour  and  other  pre- 
pared cereals 

Oatmeal  porridge 

Potatoes 

Meat  and  vegetable  stew 

Margarine 

Corned  beef,  tinned  salmon,  etc. 

Bacon 

Kippers,  bloaters,  smoked  haddock 


Barley  porridge 

Potatoes 

Greens 

Milk  in  consider! 

Butter 


Jam,  pickles,  sugar,,  sirup,  tea,  coffee. 
Sago,  tapioca,  pea  flour,  etc. 

The  nature  of  the  deficiency  in  the  British  working-class  diet  is 
not  the  complete  absence  of  any  one  vitamin  but  a  shortage  of  all 
of  them ;  neither  A ,  B,  nor  C  factor  is  present  in  abimdance  and 
may  be  further  reduced  by  methods  of  cooking.  The  diet  con- 
tains few  natural  foodstuffs  which  have  not  been  prepared  or  pre- 
served in  some  way.  The  occasional  addition  of  eggs,  fruit,  and 
real  butter,  the  daily  use  of  potatoes  and  of  small  quantities  of 
milk  avert  rapid  disaster,  but  the  diet  is  not  consistent  with  good 
growth  in  children  nor  with  good  health  in  persons  of  any  age. 

The  Danish  war  diet  consisted  entirely  of  natural  foodstuffs. 
McCarrison  refers  to  another  example  of  a  monotonous  diet  which 
is  good  because  it  contains  only  natural  foods.  The  people  of 
the  State  of  Hunza,  in  the  extreme  north  of  India,  live  solely  on 
wheat,  barley,  maize,  fruits,  especially  apricots,  goats'  milk  and 
butter;  goats'  flesh  is  only  eaten  on  feast  days.  The  people  are 
unsurpassed  in  perfection  of  physique  and  freedom  from  disease 
in  spite  of  the  hard  climate  and  lack  of  sanitation;  appendicitis  is 
unknown;  they  have  an  extraordinarily  long  span  of  life. 
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Chart  1 — Curves  Showing  How  a  Diet  Ordinarily  Complete  for  an 
Adijlt  Mother  Is  Deficient  for  the  Same  Mother  While  Nursing 
A  Littbr  of  Young.  When  the  Diet  Is  Changed  to  VrroviM  Bread 
Both  Mother  and  Young  Make  Normal  Growths 


During  the  last  decade  research  on  the  various  factors, 
proteins,  mineral  salts,  and  vitamins  has  shown  the  impor- 
tance of  their  relationship  to  growth  and  the  maintenance  of 
health  in  test  animals.  The  study  is  now  being  carried  fur- 
ther. The  effect  that  these  various  factors  have  upon  re- 
production is  being  noted.  It  has  already  been  shown  that  a 
diet  adequate  for  producing  normal  growth  in  young  and 
for  the  maintenance  of  weight  is  not  adequate  for  normal 
reproduction.  A  diet  may  be  adequate  for  reproduction  but 
not  for  the  rearing  of  the  young;  or  it  may  be  adequate  for 
rearing  young  but  not  for  raising  successive  generations. 
The  amounts  and  quality  of  the  proteins,  the  amount  of  the 
vitamins,  and  the  mineral  salts  must  be  increased  in  the 
diet  in  order  that  normal  reproduction  can  be  carried  into 
successive  generations.  AU  these  studies  have  been  greatly 
simplified  since  the  discovery  of  the  vitamins,  and  with  it  the 
establishment  of  standard  diets  in  which  all  the  food  factors, 
so  far  as  we  know,  are  known  and  can  be  controlled.  After 
the  standard  diet  consisting  of  purified  substances  was  shown 
to  be  adequate  for  growth  and  reproduction,  it  was  natural 
that  the  investigators  turned  to  food  products  to  study  the 
completeness  or  the  inadequacy  of  the  individual  foodstufls. 
In  making  these  tests  the  food  under  consideration  is  the 
principal  component  of  the  diet.  Additions  are  then  made 
of  one  or  more  purified  food  substances  (varying  the  amounts), 
like  protein,  mineral  salts,  and  the  individual  vitamins.  The 
animals  on  the  diets  containing  these  factors  are  then  watched 
for  growth  and  reproduction. 

Effect  of  Different  Food  Factors  upon  Reproduction 

The  history  of  these  early  experiments  is  well  known,  so  it 
is  needless  to  repeat  them  here.  A  brief  review,  however,  of 
the  effect  of  these  various  food  factors  upon  reproduction  'vrill 
be  given  because  of  their  relationship  to  the  development  of  a 
weU-balanccd  nutritious  loaf  of  bread  which  is  adequate  for 
normal  growth  and  adequate  for  successive  reproduction 
through  numerous  generations. 

McCoUum  and  Davis'  point  out  the  importance  of  carry- 
ing on  reproduction  into  successive  generations  upon  a  diet 
before  it  can  be  considered  adequate.    They  state: 

»  J.  Biol.  Chem..  21,  615  (1915). 


Animals  Previous  to  Change  in  Diet 


Same  Animals  after  2  Weeks  on  Vitovim  Bread 
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Growth  to  the  normal  adult  size  at  the  usual  rate  and  continued 
well-nourished  appearance  is  not  sufficient  evidence  that  a  ration 
is  fully  adequate.  Only  when  normal  reproduction  and  rearing 
of  the  young  is  repeated  at  normal  intervals  can  a  ration  be  said 
to  be  physiologically  sufficient. 


^0  40  eo  80 

Days 

Chart  2 — Comparative  Growth  on  Vitovim  Bread  Obtained  at  the 
FoLi-owiNG  Laboratories: 

A — Ward  Laboratory,  N.  Y.  City.     4  Rats.  2  M-2  F.     Weight  at  start, 
48  grams 

B — Mellon  Institute  of  Industrial  Researcli.     9  Rats,  6  M.-3  F.    Weight 
at  start,  55  grams 

C — Biological    Laboratory,    Eastern    University.       4  Rats.   2   M.-2  F. 
Weight  at  start,  4S  grams 

McCollum  has  shown  that  a  diet  consisting  oft 

Per  cent 

Whole  wheat 67 .  5 

Casein 15.0 

Whole  milk  powder 10.0 

Sodium  chloride 1.0 

Calcium  carbonate 1.5 

Butter  fat 5.0 

is   adequate   for  normal   growth  and  normal  reproduction. 

Evans  and  Bishop,^  by  studjang  the  oestrous  cycle  of  the 
rat,  have  sho^\Ti  that  this  diet  contains  all  the  elements 
necessary  for  the  normal  reproductive  function  in  the  rat. 
It  is  adequate  in  protein,  both  as  to  amount  and  quaUty, 
proper  mineral  salts,  and  vitamins  A  and  B  (and  possibly 
enough  vitamin  C)  for  optimum  growth  and  reproduction 
with   the   albino   rat. 

The  work  of  Sherman,  Osborne  and  Mendel,  McCollum, 
Steenbock,  Evans  and  Bishop,  and  others  has  shown  that  the 
amount  of  these  food  factors  necessary  for  gro'wth  and  main- 
tenance of  vigor  is  less  than  that  required  for  normal  repro- 

«  Melabolic  Research,  1,  3.35  (1922). 


duction  and  healthy  rearing  of  young.  A  diet  may  thus  be 
adequate  for  producing  normal  growth  but  stUl  be  inadequate 
for  reproduction. 

It  would  be  an  error  to  conclude  that  any  one  factor  would 
be  the  predominatmg  one  that  effects  reproduction.  There 
is  sufficient  evidence  to  show  that  a  diet  which  is  below  the 
optimum  in  any  nutritive  factor  will  seriously  affect  the 
reproductive  function  in  the  rat.  There  is  also  plenty  of 
evidence  to  show  that  lack  of  vitamin  B  atrophies  the  repro- 
ductive organs,  that  lack  of  vitamin  A  effects  the  oestrous 
cycle  of  the  rat  long  before  any  other  physical  defects  are 
visible,  that  lack  of  the  proper  amount  of  the  proper  quaUty 
of  protein  prevents  normal  rearing  of  young  and  that  lack  of 
proper  mineral  salts  vitally  affects  the  nursing  young. 

Vitamin  B  Deficiency — McCarrison^  observed  marked 
atrophy  of  the  testes  of  males  and  the  ovaries  of  females 
due  to  this  deficiency. 

Drummond'  found  sterility  among  animals  on  a  diet  defi- 
cient in  vitamin  B  and  that  a  diet  containing  an  abundance 
of  this  factor  was  favorable  to  reproduction. 

Sherman'  states:  "Successful  reproduction  and  lactation 
may  demand  a  higher  concentration  of  vitamin  B  in  the 
diet  than  is  needed  for  the  maintenance  of  health  or  even  for 
the  support  of  normal  groT\i;h." 

Evans  and  Bishop'  noted  complete  cessation  of  ovulation 
with  the  rat.  The  ovarian  function  ceased  entirely  when 
vitamin  B  was  lacking  in  the  diet. 

Vitamin  A — Drummond  finds  that  a  liberal  allowance  of 
\itamin  A  in  the  diet  produces  better  reproduction. 

Sherman  and  MacLeod'  show  that  diets  ample  in  vitamin  A 
for  growth  and  health  may  show  a  most  marked  influence 
upon  the  capacity  to  produce  and  rear  young. 

McCollum  and  Steenbock  have  also  shown  that  diets 
which  are  adequate  in  vitamin  A  for  growth  are  not  adequate 
for  reproduction,  and  diets  adequate  for  reproduction  are  not 
necessarily  adequate  for  rearing  of  the  young. 

Reynolds  and  Macomber*.  have  found  a  decrease  in  fertility 
to  result  from  a  lack  of  vitamin  A  in  the  diet. 

Davis  and  Outhouse'  experimenting  with  a  diet  of  crushed 
oats,  poUshed  rice,  and  skimmed  milk,  ad  lib.,  and  a  limited 

^Indian  J.  Med.  Research.  6,  275,  550  (1917). 

'  Biochem.  J.,  12,  25  (1918). 

'  "The  Vitamins,"  1922. 

»  J.  Am.  Med.  Assoc,  77,  169  (1921). 

•  Am.  J.  Diseases  Children,  21,  307  (1921). 
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Chart  i — Reproduction  on  Vitovim   Bread 


amount  of  cooked  potato  and  egg  white,  found  that  the 
males  lived  no  longer  than  8  months.  iMost  of  the  females 
reared  one  litter  and  a.  few  two  litters.  Of  the  twenty-three 
females  born,  seven  produced  Utters  and  only  two  of  these 
litters  were  reared.  Xerophthalmia  appeared  at  4  to  5 
months  on  this  ration.  The  second  generation  showed 
marked  anemia  and  the  bones  were  very  fragile.  This 
clearly  demonstrates  the  effect  on  reproduction  when  the 
diet  contains  only  a  Umited  amount  of  vitamin  A. 

Evans  and  Bishop,  following  the  method  developed  by 
Evans  and  co-workers  m  the  Department  of  Anatomy  of  the 
University  of  Cahfornia,  have  made  significant  obser\'ations 
upon  the  relationship  of  vitamin  A  to  reproduction.  They 
find  a  prolongation  of  the  oestrous  cycle  and  failure  of  ovu- 
lation in  100  per  cent  of  the  animals  wliich  are  reared  on  diets 
low  in  vitamin  A  but  which  nevertheless  have  permitted 
preliminary  normal  gn)^\'th. 


Female  No.  258  with  Her  Litter  of  Nine — Mothe 
Raised  on  Vitovim  Bread 


The  Same  Litter  6  Weeks  Later— Mother  Was  Able  Successfully  to 

Nurse  and  Raise  Her  Entire  Litter  on  Vitovim  Bread 

and  Water  as  Her  Exclusive  Diet 


They  further  state:  "The  disturbance  of  oestrus  from 
fat-soluble  \'itamin  A  deficiency  is  highly  characteristic, 
resembling  no  other  nutritive  upset  known  to  us." 

Usually  when  the  test  is  given,  other  signs  of  vitamin  A 
deficiency,  such  as  weight  decline,  have  appeared,  but  this 
characteristic  continuance  of  the  oestrous  smear  may  precede 
all  other  signs  of  \'itamin  A,  and,  furthermore,  is  shown  in 
conditions  where  ^-italnin  A  is  not  so  low  as  to  cause  growth, 
failure,  or  xeroj^hthalmia.  It  may  thus  constitute  the  only 
sign  of  vitamin  lack  save  failure  to  reproduce  successfully. 

Protein  and  Mineral  Salts — Using  their  method  they 
found,  as  before  stated,  that  when  \'itamin  B  is  lacking  in 
the  diet  there  is  complete  cessation  of  ovulation.  Their 
experiments  further  show  that  a  diet  of  ^IcCoUum's  con- 
sisting of: 

Per  cent 

Wheat 60.0 

Sodium  chloride 1.0 

Calcium  carbonate 1.5 

Dextrin 32.5 

Butterfat 5.0 

will  maintain  adult  animals  for  100  to  200  days  without 
apparent  injury;  the  young,  however,  are  badly  stunted 
if  reared  upon  it.  They  find  the  young  behave  in  their 
sexual  physiology  similar  to  "runts"  created  by  quantitative 
undernutrition.  The  oestrous  periods  were  entirely  absent 
with  seven  of  the  thirteen  animals,  and  only  three  of  the 
other  six  exliibited  other  ovulations.  By  the  addition  of 
casein  to  the  diet  they  were  able  to  effect  a  restoration  of  the 
normal  cycle. 

McCollum  and  co-workers  state  that  the  mother  rat  de- 
stroys the  young  soon  after  birth  when  the  diet  is  low  in  pro- 
tein. This  they  found  to  be  the  rule  among  animals  which 
were  restricted  to  diets  inadequate  in  protein  and  when  the 
protein  was  of  jsoor  quality. 

Evans  and  Bishop  find  that  animals  restricted  to  a  diet 
poor  in  mineral  salts  exliibited  abnormal  oestrous  phenomena, 
although  the  growth  of  the  animals  manifests  no  ill  effects  on 
tliis  diet.  They  stated  that  salt  depletion  is  not  only  inimical 
to  skeletal  growth  but  also  to  the  normal  rhythm  of  o\'ulation. 

McCoUum  observed  that  young  rats  which  were  nursed 
by  mothers  whose  diets  were  deficient  in  mineral  salts,  notably 
calcium,  develojjed  typical  symptoms  of  tetany.  The 
young  would  appear  to  be  well  nourished  for  the  first  two 
weeks  of  nursing,  then  would  suddenly  develop  paralysis. 
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Observations  on  Single  Food  Products — Hart  and 
Steenbock'"  showed  that  for  long,  vigorous  maintenance 
and  reproduction  the  seed  and  seed  products  are  deficient, 
even  if  common  salt  and  natural  water  of  relatively  high 
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Chart  5 — Regular  Reproduction  on  a  Diet  of  Vitovim  Bread  and 
Water.  The  Female  Was  of  the  Second  Generation  Born  and  Raised 
on  the  Bread.  This  Mouse,  in  Spite  of  the  Repeated  Reproduction. 
Made  a  Consistent  Gain  in  Weight 

calcium  content  are  supplemented.  They  carried  out  their 
experiments  with  s^wine  and  observed  that  maintenance 
could  be  secured  with  grains  and  grain  products  for  a  consid- 
erable length  of  time  but  complete  nutrition  and  reproduc- 
tion were  impossible  on  such  a  diet. 

Slonaker  and  Card"  studied  the  effect  of  a  restricted  diet 
(a  diet  corresponding  fairly  closely  with  the  so-called  vege- 
tarian diet  of  human  beings)  upon  a  number  of  Utters  and 
young  born.  They  found  that  animals  whose  diet  was  re- 
stricted to  plant  sources  lost  the  power  of  reproduction  by 
the  third  generation  and  the  line  of  descent  became  extinct. 

(49  born,  42  successfully  reared) 

(167-68) 


MMMFFXX  MFFFX  MMMFX 

(X  denotes  young  that  died) 

Chart  6 — Seven  Generations  Raised  on  Vitovim  Bread  as  Sole 
Food 

It  is  now  well  known  that  any  one  seed  or  grain  or  combi- 
nation of  seeds  and  grains  does  not  support  normal  growth, 
all  of  them  are  lacking  in  the  proper  kind  of  protein,  lack- 
ing in  sufficient  lime  salts,  and  most  are  lacking  in  vitamin  A. 
Under  these  conditions  we  would  expect  no  normal  reproduc- 
tion from  animals  receiving  nothing  but  seeds  or  grain  in  their 
diet. 

McColIum,  Simmonds,  and  Pitz'-  found  that  the  oat  kernel 
supplemented  by  protein,  salt  mixture,  and  butter  fat  gave 

>«  J.  Biol.  Chem..  39,  209  (1911). 
"  Am.  J.  Physiol..  64,  167  (1923). 
"J.  Biol.  Chem.,  29,  341  (1917). 


about  normal  growth  but  reproduction  was  a  complete  fail- 
ure. The  failure  in  this  case  is  due  to  a  poorly  balanced 
protein,  as  in  this  paper  it  was  shown  that  casein  did  not  sup- 
plement the  protein  of  the  oat  kernel. 

Experimenting  with  wheat  as  the  sole  source  of  protein, 
the  same  writers"  could  not  make  up  a  ration  which  was  ade- 
quate for  rearing  of  young,  although  they  varied  the  protein 
content  from  6. .5  to  47.98  per  cent.  Over  a  wide  range 
of  protein  content  growth  approximated  the  normal,  but 
pronounced  injurious  effects  of  the  ration  were  revealed 
only  in  the  reproduction  records. 

They  further  showed  that  15  per  cent  of  whole  wheat  as 
the  source  of  vitamin  B  was  sufficient  for  completion  of  growth 
and  normal  production  of  young.  The  amount  of  the  vita- 
min B  present,  however,  was  not  great  enough  to  enable  the 
young  to  il('\(lo|)  III  weaning  age  without  causing  pronounced 
nervous  (hstuiiianccs  which  ended  in  death. 

McCoUum'^  reported  growth  approximating  the  normal  rate 
and  successful  reproduction  in  rats  fed  exclusively  on  boiled 
egg  yolk.  This  ration  contained  about  31  per  cent  of  pro- 
tein {N  X  6.25).  He  further  found  that,  in  spite  of  the  fact 
that  egg  yolk  contains  all  the  organic  complexes  essential  for 
nutrition,  it  does  not  form  a  satisfactory  ration  when  gaged 
by  the  amount  of  reproduction  secured  or  by  the  longevity  of 
the  animals  so  fed. 


Plate  II — Typical  Mothers  and  1 
ON  AN  Exclusive  Diet  of  Vi 


)F  Young  Raised 
sD  Water 


Sherman  and  co-workers"  showed  that  a  diet  consisting  of 
5  parts  of  ground  whole  wheat  and  1  part  of  whole  milk 
powder  supported  normal  growth  with  successful  reproduc- 
tion   and   rearing   of   young.     However,    when   the   whole 
wheat  was  replaced  by  patent  flour  the  ration  was  not  ade- 
quate for  normal  reproduction  and  successful  suckling  of  the 
young.     They  obtained  an  interesting  result  on  feeding  a 
female,  which  had  been  seriously  stunted  in  early  life  by  feed- 
is  y.  Biol.  Chnn..  28,  211   (1916). 
■<  .Im.  J.  Physiol  ,  26,  120  (1909), 
16  J.  Biol.  Chem.,  46,  503  (1921), 
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ing  upon  bread  alone,  equal  weights  of  bread  and  market 
milk.  The  animal  resumed  growth  at  a  normal  rate,  and 
when  fed  a  mixture  consisting  of  1  part  whole  milk  powder  and 
2  parts  of  ground  whole  wheat  was  able  to  produce  healthy 
young  and  suclde  them  successfully  so  that  they  grew  at  a 
normal  rate  and  one  of  them  at  an  early  age  produced  vigorous 
young  of  the  third  generation. 


Nelson,  Heller,  and  Fuhner'*  conclude  that  "the  postula- 
tion  of  a  new  vitamin  for  reproduction  is  uimecessary.  Third 
generation  animals  have  been  reared  on  5  per  cent  of  yeast  as 
the  sole  source  of  vitamin  B  in  the  diet.  They  also  found 
that  the  majority  of  young  are  not  reared  on  synthetic  diets 
containing  yeast  as  the  only  source  of  \-itamin  B." 

The  Ward  Laboratory  found: 
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Chart  7 — Normai,  Growth  Obtained  in  First  and  Sixth  Gener/^ 
TioNs  OF  Mice  Fed  Exclusively  on  Vitovim  Bread  and  Water 


Their  results  further  showed  that  on  a  diet  consisting  of 
bread  and  milk  (five-sixths  bread  solids  and  one-sixih  milk 
solids)  very  few  young  could  be  reared,  though  reproduction 
was  almost  normal.  In  fact,  only  one  of  the  many  females 
which  they  raised  from  the  weaning  age  on  the  ration  of  bread 
and  milk  succeeded  in  raising  her  young. 

Mattill  and  Conklin"  were  unable  to  get  normal  reproduc- 
tion from  animals  reared  on  fresh  or  powdered  milk.  When 
they  added  5  per  cent  of  yeast  and  2  per  cent  of  a  salt  mixture 
they  obtained  animals  of  the  fourth  generation. 

Evans  and  Bishop"  describe  an  unidentified  food  factor, 
X,  wliich  they  claim  is  a  dietary  essential  necessary  for 
reproduction.     Using  the  following  diet: 


Casein 

Corn  starch 

Lard 

Butter  fat 

Salts 

Dried  yeast. 


0.4  gram  per  day 


they  find  their  rats  to  be  sterile,  and  ascribe  it  to  the  lack  of  a 
food  factor,  X.  Fertility  is  restored  to  the  animals  on  the 
foregoing  diet  by  the  use  of  green  leaves  or  dried  alfalfa 
leaves  or  when  butter  fat  is  increased  to  24  per  cent.  Evans 
and  Bishop  state  that  cod-liver  oil  is  lower  in  this  X  factor 
than  butter  fat.  They  find  X  to  be  present  in  whole  wheat, 
but  lacking  in  orange  juice.  Wheat  germ  is  rich  in  this 
factor.  They  further  state  that  yeast  apparently  contains 
a  substance  toxic  to  the  reproductive  organs. 

'•  J.  Biol.  Chem.,  44,  132  (1920). 
"  Science,  66,  650  (1922). 


Casein 18 

Starch 68 

Organic  and  mineral  salts" 4 

Butter  fat 10 

Yeast 5 

"  Osborne  &  Mendel  Salt  Mixture. 

to  be  adequate  for  reproduction  into  the  second  generation. 
Either  the  butter  that  was  used  contained  a  Uberal  amount 
of  the  factor  -Y,  which  Evans  and  Bishop  think  is  necessary 
for  reproduction,  or  else  the  yeast  carried  an  abundance  of 
that  factor.  They  think  the  diet  used  by  Evans  and  Bishop 
was  deficient  in  vitamin  B. 

A  peculiar  incident  happened  while  feeding  this  diet.  The 
young  of  the  second  generation  while  they  were  stiU  nursing 
seemed  to  be  abnormal.  They  ran  about  in  circles  in  their 
cages  and  remained  on  their  feet  with  difficulty — in  fact, 
some  showed  signs  of  paralysis.  It  was  discovered  that  the 
failure  to  support  the  young  on  this  diet  was  due  to  a  lack  of 
vitamin  B.  The  yeast  had  lost  its  potency  in  the  vitamin  B 
factor  during  storage.     Some  of  the  mothers  with  their  litters 

Comparative  Analysis  of  Breads 

Average  Good  100%  Whole 

vitovim  Bread       White  Bread  Wheat  Bread 


Crams  per  Pound  of  Bread  {28.3  grams 


Moisture 

Starch 

Protein  (2V  X  5. 

Total  fat 

Butter  fat 

Ash 

Sugar 


172,1 
199.3 
40.5 
16.3 
8.2 
9.6 
15.0 
10.2 
0.4 


172.1 
213.4 
33.7 
10.4 


Grams  Mineral  Matter  per  Pound  oj  Bread 


Chlorine 

Phosphates 

Potash 

Sodium 

Sulfates 

Magnesia 

Ivime 

Silica 

Iron 

Manganese 

Bromine 


Moisture 

Starch 

Protein  (iV  X  5.7) 

Total  tat 

Butter  fat 

Ash 

Lactose 

Total  sugar 

Crude  fiber 


Chlorine 

Phosphates 

Potash 

Sodium 

Sulfates 

Magnesia 

Lime 

Silica 

Iron 

Manganese 

Bromine 


1.54 

1.81 

1.13 

0.23 

1.76 

O.OSO 

0.021 

Trace 

Trace 


3.08 

0.86 

O.SO 

1.77 

0.45 

0.20 

0.15 

0.059 

0.010 

Trace 


Analyses  in  Detail — Per  cent 


38.00 
43.98 
8.94 
3.60 
1.80 
2.11 
2.26 
3.28 
0.09 


38.00 
47.10 
7.44 
2.29 
0.28 
1.43 
0.35 
3.67 
0.07 


Mineral  Content  of  Breads — Per  cent 


0.64 

0.50 

0.34 

0.40 

0.25 
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Three  mothers  with  their  litters  of  young,  while  still  nursing  were 
placed  on  Vitovim  bread.  100  per  cent  whole  wheat  bread,  and  an  ordinary 
good  white  bread,  as  their  sole  diet.  The  litter  on  the  super-bread,  made  nota- 
ble gains  from  the  start,  while  on  the  whole  wheat  bread  diet  death  occurred 
with  all  the  young  in  less  than  1  week's  time.  The  young  became  completely 
paralyzed  before  death  occurred.  On  the  white  bread  the  young  lived  a 
short  time  but  none  of  them  made  any  gain  in  weight.  The  young  on  the 
super-bread  made  an  average  gain  of  120  grams  in  as  many  days. 


i  J.  Biol.  Chem  ,  67,  415  (1923). 
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were  placed  on  a  diet  of  Vitovim  bread  to  see  if  this  bread 
would  adjust  the  deficiency  in  the  diet.  The  young  made  a 
remarkable  recovery  soon  after  the  change. 

Cliart  I  shows  this  result  in  graphic  form.  It  wiU  be  noted 
that  the  mother  was  able  to  gain  in  weight  on  this'  diet  and 
showed  no  iU  effects.  The  young,  though  not  losing  in  weight, 
showed  the  lack  of  vitamin  B. 

Tests  of  a  Complete  or  Perfect  Food 

The  only  method  which  scientific  experimenters  have  at 
the  present  time  for  determining  the  relative  nutritive  value  of 
different  foods  is  that  of  conducting  actual  feeding  tests 
upon  growing,  young  animals,  which  may  be  kept  under 
strict  observation  and  experimental  care.  Such  experiments 
are  now  accepted  as  the  standard  method  for  determining  the 
biological  nature  or  the  nutritive  value  of  foods.  When 
conducted  properly,  these  experiments  yield  remarkably 
concordant,    reliable,    and    trustworthy    results. 

The  following  tests  will  accurately  determine  whether  or 
not  any  food  is  a  complete  or  perfect  one: 

1 — Will  it  support  normal  and  healthy  growth  in  experimental 
animals? 

2 — Will  it  enable  the  test  animals  to  reproduce  normally  and 
regularly? 

3 — WUl  it  enable  the  mothers  to  nurse  and  raise  their  young? 

4 — After  weaning,  will  it  enable  the  yoimg  to  grow  normally  to 
full  maturity? 

5 — Will  it  enable  those  yoimg  to  reproduce  normally  for  suc- 
cessive generations? 

6 — Will  it  enable  test  animals,  which  have  been  debilitated 
because  of  being  fed  on  deficient  diets,  to  retiu'n  to  nearly  perfect 
or  normal  health? 

These  same  tests  have  been  applied  to  Vito\im,  the  super 
white  bread.  Through  them  it  is  convincingly  shown  that 
this  bread  contains  (o)  adequate  carbohydrates,  (6)  adequate 
and  well-balanced  proteins,  (c)  proper  and  sufficient  mineral 
salts,  (d)  adequate  content  of  vitamin  B,  and  (e)  adequate 
content  of  vitamin  A. 

Tliis  is  a  white  bread,  a  bread  of  that  degree  of  lightness 
demanded  by  the  American  public.     The  best  wliite  wheat 
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flour  is  used  in  the  manufacture  of  the  loaf.  To  build  up  the 
quality  and  quantity  of  its  protein,  larger  quantities  of  rich 
whole  milk  are  used.  In  fact,  rich  whole  irdlk  is  the  only 
liquid  used  in  the  dough  batch.  In  order  to  add  still  further 
mUk,  whole  milk  solids  dried  by  the  roUer  process  are  added. 
Never  before  has  a  bread  so  rich  in  milk  been  made. 


IZO 

/ 

4;:?r 

80 

J6  Rars 

^ 

y 

\ 

1^0 

/ 

/ 

/ 

/ 

/ 

/ 

1^0 

/ 

/ 

i- 

/ 

/ 

GItOwrH  m  9  ni-ULJk'!  rrwrt  S'tAOi 

/ 

/ 

y 

/ 

^ 

r.eniTH  on  y 

TOV'M    BR£AO 

0 

— 

■i.—^" 



Days 
Chart  8 — Growth  op  Animals  Fbd  on  Vitovim  Brbad  Compared  with 
That  of  Animals  Fbd  on  Ninb  Most  Popular  White  Breads 

Even  with  such  a  large  amount  of  milk  in  the  loaf  it  did 
not  have  a  sufficiency  of  the  vitamin  B  factor.  Large  quan- 
tities of  a  dry  extract  rich  in  \itamin  B,  proteins,  and  min- 
eral salts  prepared  from  the  germ  of  the  wheat  are  added  to 
build  up  the  vitamin  B  factor.  Even  with  all  the  milk,  the 
soluble  extract  from  the  germ  of  the  wheat,  and  the  high 
quality  flour,  there  was  still  an  improper  mineral  salt  balance. 
Lime  salts  were  further  added  to  balance  the  phosphates 
of  potassium,  sodium,  and  magnesium. 
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Chart  9 — Relative  Amounts  of  Breads  Eaten  when  Animals  Are 
Allowed  to  Choose.  Natural  Instinct  Guides  Animals  Unerringly 
To  THE  Food  That  Is  Best  for  Them 

This  combination  of  ingredients  properly  proportioned  and 
selected  by  the  scientific  men  in  the  laboratory  and  skilfully 
handled  by  expert  bakers  has  produced  in  Vitovim  bread  a 
super-food. 
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Conclusion 

Vito\dm  bread  when  fed  as  the  sole  food  produces  normal 
growth  and  health  in  young  test  animals.  Already  eight 
generations  of  mice  and  five  generations  of  albino  rats  have 
been  reared  on  this  bread  and  water.  When  animals  are 
allowed  free  choice  between  breads  of  various  kinds — ^white, 
whole-wheat,  and  Vitovim — natural  instinct  guides  them  to 
the  more  nourishing  Vitovim  loaf.  In  a  6  weeks'  test  it  was 
found  that  animals  selected  Vitovim  for  59  per  cent  of  their 
diet,  whole-wheat  bread  for  27  per  cent,  and  ordinary  white 
bread  for  only  14  per  cent.  This  is  already  being  duplicated 
in  the  case  of  cliildren,  where  the  child  is  naturally  selecting 
more  of  Vitovim  bread  in  preference  to  other  bread. 

The  Vitovim  bread  is  being  fed  to  children  in  private 
homes  and  in  institutions  under  competent  direction.  Ob- 
servations are  also  being  made  with  the  ordinary  bread. 


Both  groups  are  given  the  same  diet  with  the  e.xception  of 
the  bread.  The  results  confirm  the  conclusions  derived 
from  the  animal  feeding  experiments.  The  groups  receiv- 
ing Vito\'im  bread  as  a  part  of  their  diet  are  making  uni- 
formly greater  gains  in  height  and  weight  than  children  of 
the  same  age  and  under  the  same  conditions  of  the  experi- 
ment but  whose  diet  contains  the  ordinary  bread. 
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A  Rapid  Method  for  the  Analysis  of  Soap  Powder 

By  Fred  F.  Flanders  and  Anna  D.  Truitt 

Chemical  Laboratory,  Massachusetts  Department  of  Mental  Diseases,  Boston,  Mass. 


T^HE  routine  examination  of  a  large  number  of  samples 
•^  of  soap  powder  by  means  of  the  separation  of  soap  from 
alkaline  salts,  based  on  the  solubility  of  soap  in  95  per  cent 
alcohol,^  has  shown  the  method  to  be  unsatisfactory  in 
several  respects.  It  is  very  slow  and  tedious  because  of  the 
repeated  drjdngs  and  weighings  necessary,  and,  as  pointed 
out  by  Low,^  is  subject  to  defects  inlierent  in  the  supposition 
that  all  the  soap  dissolves  in  the  alcohol  while  the  alkaline 
salts  remain  in  the  insoluble  portion. 

The  writers  have  corroborated  Low's  findings  that  even 
with  absolute  alcohol  some  sodium  carbonate  dissolves. 
They  have  also  demonstrated  that  the  residue  will  often 
contain  much  more  than  traces  of  soap.  By  applying  cor- 
rections for  these  factors  when  dealing  with  soap  powders 
made  up  of  soap  and  sodium  carbonate,  very  good  results 
are  obtainable,  but  at  the  additional  expense  of  much  time 
and  labor.  The  WTiters  have  worked  out  a  method  by  means 
of  which  weigliings  are  avoided  entirely,  the  whole  operation 
being  conducted  by  titration  on  the  same  2-gram  sample. 
It  appears  to  be  quite  as  accurate  as  the  old  method,  and  is 
much  more  rapid,  requiring  Uttle  more  than  an  hour  for  a 
complete  analysis.  The  method  is  based  on  the  titration  of 
total  alkali,  with  subsequent  extraction  and  titration  of  the 
fatty  acids  in  chloroform  solution.  The  separation  of  soap 
and  sodium  carbonate  is  thus  accomplished  in  a  chemical 
instead  of  in  a  physical  way. 

PROCEDtlHE 

Weigh  accurately  2  grams  of  sample  and  transfer  to  a 
400-cc.  beaker.  Add  100  cc.  of  hot  water  and  heat  to  obtain 
a  clear  solution.  Titrate  whale  hot  with  0.5  N  hydrocliloric 
acid,  using  methyl  red  as  indicator.  After  the  end  point 
is  reached,  add  2  cc.  excess  of  0.5  N  hydrochloric  acid,  several 
pebbles  to  prevent  superheating,  cover  with  a  watch  glass, 
heat  to  boiling,  and  boil  gently  10  minutes  to  remove  carbon 
dioxide.  Titrate  back  to  end  point  with  0.1  A'^  sodium  hydrox- 
ide. Add  2  cc.  excess  of  0.5  N  hydrochloric  acid,  cool,  and 
transfer  to  a  separatory  funnel.  Extract  with  three  portions 
of  chloroform,  using  25  cc.  for  each  extraction,  first  rinsing 
the  beaker  with  each  portion.     Draw  off  chloroform  through 

1  Received  May  28,  1923. 

!  Bur.  Standards,  Circ.  62,  2nd  ed.,  p.  31. 

•  This  Journal.  11,  1169  (1919). 


a  dry  filter  into  a  dry  Erlenmeyer  flask.  Wash  filter  with 
25  cc.  chloroform  to  remove  traces  of  fatty  acids.  Heat  to 
boiling  and  boil  gently  5  minutes  to  remove  carbon  dioxide 
(pebbles  should  be  added  before  heating  to  prevent  super- 
heating). Titrate  the  fatty  acids  while  stUl  hot  with  0.1  A'' 
sodium  ethylate,  using  5  drops  of  phenolphthalein  indicator 
made  up  in  absolute  alcohol  (1  gram  =  100  cc).  The 
titration  should  be  conducted  quite  rapidly  and  carried  to 
the  first  permanent  red  color. 

Calcdlation 

(Cc.  0.5  JV  HCl)  -  (cc.  01  N  NaOH)  -  (cc.  0.1  N  CaHtONa)  X  0.0053 


(Cc.  0.1  N  CiHsGNa)  X  0.0306 


=   anhydrous  soap 


Preparation  of  Reagents 

The  sodium  ethylate  is  prepared  by  dissolving  2.3  grams  of 
cleaned  metallic  sodium  in  1  Uter  of  absolute  alcohol.''  It 
is  standardized  against  ordinary  0.1  A^  hydrocliloric  acid, 
using  phenolphthalein  as  indicator.  As  absolute  alcohol  has 
a  rather  large  coefficient  of  expansion,  it  should  be  restand- 
ardized  at  the  temperature  at  which  it  is  used  when  that 
varies  more  than  a  degree  from  the  temperature  at  which 
standardization  last  took  place.  If  a  precipitate  appears 
in  the  ethylate  it  should  be  filtered. 

The  chloroform  should  be  tested  for  acidity  by  adding 
indicator  to  100  cc.  and  titrating  with  ethylate;  if  more 
than  a  single  drop  is  required  to  give  a  strong  end  point,  the 
chloroform  must  be  washed  in  a  separatory  funnel  with 
dilute  sodium  hydroxide.  After  the  layers  have  separated 
well  it  should  be  filtered  through  a  dry  fUter.  Drj^  flasks 
must  be  used  ia  the  cliloroform  titration,  as  a  single  drop  of 
water  wiU  entirely  satiate  the  results. 

The  factor  selected,  0.0306,  is  the  mean  between  the 
molecular  weights  of  sodium  oleate  and  sodium  stearate. 
By  making  a  moisture  determination  the  results  may  be 
checked  against  100  per  cent.  Owing  to  the  presence  of 
small  amounts  of  sodium  chloride  and.  sodium  sulfate,  and 
sometimes  unsaponified  fat,  in  soap  powders  made  up  of  soap 
and  soda  ash,  the  results  will  generally  add  up  to  98  or  99 
per  cent. 

<  Folinand  Flanders,  7.  Am.  Chem  ior.,34,  774  (1912). 
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The  Lubricant  and  Asphaltic  Hydrocarbons  in  Petroleum' 


By  Charles  F.  Mabery 


ALTHOUGH  much 
time  has  been  devoted 
in  this  laboratory  to 
the  composition  of  the  cHs- 
tiOable  hydrocarbons  in 
petroleum,  no  attention  has 
hitherto  been  given  here  and 
little  elsewhere  to  tlie  iden- 
tification of  the  hydrocar- 
bons that  cannot  be  distilled 
without  decomposition.  Of 
the  few  attempts  to  sepa- 
rate these  constituents  of 
petroleum  by  cold  solution 
and  precipitation,  "cold 
fractionation,"  the  most 
noteworthy  is  the  work  of 
CharitschofI,  who  described 
the  following  hydrocarbons 
with  their  specific  grav- 
ity: C19H3S,  0.8930;  Co.Hjo, 
0.9050;  C22H42,  0.9080; 
C24H46,  0.9130;  C35H68, 
0.9150;  and  it  has  doubt- 
less suggested  the  frequent 
allusions  to  the  presence  of 
naphthene    lubricants     in 

American  petroleum.  However,  none  of  the  hydrocarbons 
from  Baku  oU,  described  in  this  paper,  contain  the  series 
CnHon,  nor  the  C„H2n-2,  although  some  of  these  specific  gravi- 
ties are  about  the  same  as  those  of  the  series  C„H2„^8  in 
Baku  oO,  to  be  described  later,  and  none  of  the  varieties 
of  American  petroleum  have  shown  such  composition. 

Since  petroleum  hydrocarbons  begin  to  decompose  in  dis- 
tillation at  about  200°  C,  and  above  300°  C.  most  crude  oils, 
even  under  pressures  reduced  to  20  mm.,  show  evidence  of 
decomposition,  it  is  impossible  to  separate  the  constituents  of 
petroleum  by  any  form  of  distillation  that  will  not  distil  at 
'300°  C.  vacuum. 

Separation  by  Fractional  Solution 

With  the  exclusion  of  distillation  the  only  remaining  possi- 
bility appeared  to  be  fractional  solution,  and,  in  \-iew  of  the 
variations  in  other  physical  constants,  there  seemed  to  be  no 
reason  why  the  different  series  and  homologs  should  not 
possess  sufficient  differences  in  solubility  to  permit  their 
approximate  separation  in  this  manner.  Trial  of  the  various 
solvents  excluded  all  but  a  mixture  of  ether  and  ethyl  alcohol, 
and  since  all  the  constituents  of  petroleum  dissolve  freely 
in  ether,  but  are  quite  insoluble  in  alcohol,  it  .seemed  possible 
to  prepare  from  them  a  convenient  solvent.  For  general 
use  a  mixture  of  equal  parts  by  volume,  with  suitable  varia- 
tions for  the  more  solulile  lighter  ends,  and  the  less  soluble 
constituents  of  the  heavier  ends  proved  efficient  for  all  the 
varieties  of  crude  oil.  For  convenience  of  reference,  the 
lighter  fractions  will  be  referred  to  as  the  "higher"  or  "upper 
ends,"  and  the  heavier  as  the  "lower  ends"  of  the  series  or 
group. 

Under  a  pressure  of  30  nun.  the  crude  oil  was  first  distUled 
to  300°  C.     For  the  removal  of  the  paraffin  hydrocarbons 


Case  School  of  .\ppLrEo  Science.  Cleveland,  Ohio 

This  work,  is  a  sludy  of  the  hydrocarbons  in  petroleum  which 
cannot  be  distilled  without  decomposition.  The  method  used  for 
their  separation  was  fractional  solution  in  a  hot  mixture  of  ether 
and  alcohol,  after  first  distilling  the  crude  oil  to  300°  C,  first  sep- 
arating the  homologs  of  each  series  and  then  dividing  the  series  into 
fractions.  Identification  of  the  hydrocarbons  was  then  accomplished 
by  determination  of  specific  gravity,  molecular  weight,  and  percentage 
composition. 

This  method  of  separation  and  analysis  was  applied  to  five 
crude  oils,  from  H  est  Virginia.  Pennsylvania,  Ohio,  Texas,  and 
Russia.  The  Ohio  oil  being  one  of  peculiar  composition,  a  study 
of  its  distillable  constituents  as  well  as  of  its  fractions  separated 
by  solution  is  given.  The  homologs  of  the  heavier  series  above  300  °  C. 
vacuum  appear  to  increase  regularly  and  are  divided  into  (/)  the  D 
hydrocarbons,  lubricants  to  the  final  heavy  ends,  and  (2)  the  H 
group,  asphaltic  in  the  heavy  ends.  A  comparison  of  the  Various 
oils  shows  a  well-defined  distinction  between  the  lubricant  and  the 
asphaltic  hydrocarbons,  and  the  higher  specific  gravity  of  the  Texas 
and  Russian  lubricant  hydrocarbons  is  due  to  their  inherent  struc- 
ture. The  wide  variation  in  specific  gravity  of  individual  fractions 
of  the  heavy  crudes  indicates  the  presence  of  carboxyl  acids  or  esters. 
Iodine  number  determinations  show  that  only  the  ring  form  of  un- 
saturation  applies  to  the  lubricant  hydrocarbons,  and  they  do  not 
appear  to  enter  into  the  formalite  reaction  as  applied  by  the  Mar- 
cusson  method. 


from  the  Appalachian  oils, 
the  solid  residue  was  dis- 
solved in  ether  to  a  dilute 
solution,  alcohol  added  until 
the  paraffin  began  to  partic- 
ipate flocculent,  the  solution 
cooled  to  0°  C,  filtered  cold, 
again  cooled  to  —20°  C, 
and  again  filtered,  with  very 
little  paraffin  remaining  in 
the  oil  after  the  first  filtra- 
tion. There  is  some  diffi- 
culty in  reaching  the  point 
where  flocculent  precipita- 
tion begins  without  carry- 
ing down  a  large  amount 
of  the  semisolidified  oil. 

HoMOLOG  Skparation — 
In  lots  of  1000  to  1500 
grams  the  vacuum  residue, 
free  from  paraffin,  was 
heated  to  the  boiling  point 
of  the  solvent  in  flat,  cork- 
stoppered  bottles  in  a  hot 
water  bath  with  frequent 
shaking,  the  stopper  being 
held  in  with  the  finger  and 
frequently  removed  to  relieve  excessive  pressure.  For  col- 
lection of  the  homologs  of  all  the  series  into  tenor  fifteen  groups, 
the  hot  solution  was  poured  off  from  each  extraction  and  the 
solvent  distilled,  the  first  fractions  containing  the  more  soluble 
upper  end,  and  the  diminishing  solubility  giving  the  consecu- 
tive fractions  down  to  the  last  residue.  For  further  sejjaration 
of  the  series  homologs,  the  lowest  group  was  first  heated  with 
the  solvent  of  proper  concentration,  sufficient  to  dissolve  a 
considerable  part,  and  the  hot  solution  poured  off,  cooled, 
and  again  poured  off  from  the  separated  oil.  To  this  was 
added  the  next  fraction,  which  was  again  heated,  and  the 
solution  poured  off  for  the  treatment  of  the  next  fraction. 
Tliis  procedure  was  continued  to  the  upper  end.  The  sol- 
vent distilled  off  from  the  last  treatment  gave  the  first 
member  of  the  group,  and  this  procedure  was  repeated  six 
times.  Since  the  specific  gravities  of  the  fifth  and  sixth 
fractions  were  approximately  the  same,  it  was  assumed  that 
the  homologs  of  all  the  series  were  fairly  well  collected  within 
the  respective  groups .  The  efficiency  of  this  method  appeared 
in  the  differences  in  consistency  between  the  lowest  frac- 
tions, extremely  thick,  viscous,  or  nearly  solid  lubricants, 
as  in  the  Appalacliian  oils,  or  thick,  black,  tarry  or  solid  as- 
phalts, as  in  the  Texas  and  Russian  oOs,  and  the  upper 
fractions,  thin,  amber-colored  lubricants. 

Series  Separation — Beginning  at  the  lower  end  of  the 
group  each  fraction  was  about  half  dissolved  in  rich,  hot 
solvent,  decanted,  leaving  a  residual  oil,  H,  the  solvent  dis- 
tilled, giving  another  residual  oil,  D,  and  this  was  continued 
with  all  the  fractions  to  the  upper  end.  To  be  sure  that  a 
single  extraction  gave  an  approximate  separation,  it  was 
followed  by  another  similar  treatment,  giving  two  series.  Da 
and  Db.  The  specific  gravities  of  a  and  h  proved  to  be  suffi- 
ciently concordant  to  indicate  a  fairly  satisfactory  separation 
by  the  first  treatment. 
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In  a  second  mode  of  series  separation  each  of  the  first  group 
fractions  was  heated  to  boOLng  with  the  solvent,  the  hot 
solution  decanted,  cooled,  again  poured  off  from  the  separated 
oil  and  distilled,  giving  three  oils — H,  the  first  residue;  C, 
the  residue  from  cooUng;  and  D,  the  residue  from  the  distilled 
solvent.  Each  of  these  oils  was  again  treated  in  a  similar 
manner,  and  this  treatment  continued  three  or  four  times, 
thus  dividing  the  original  oOs  into  eight  or  twelve  fractions, 
did  not  materially  change  the  specific  gravity  from  the  results 
of  a  single  cross  separation,  from  which  it  was  inferred  that 
the  marked  difference  in  solubility  gave  a  fairly  good  sep- 
aration in  the  first  extraction.  The  following  examples  of 
its  application  on  some  of  the  oOs  as  a  means  of  control  show 
the  rapid  separation  by  this  method.  A  top  fraction  of  a 
Russian  vacuum  residue  containing  more  soluble,  heavier 
carbox-yl  constituents  brought  up  from  below,  and  another 
from  the  Rosenbury  oil,  were  separated  by  a  single  extraction 
into  light  and  heavier  constituents,  as  follows: 

(0.9594   H  residue,  hot 
■^0.9198,  C  residue,  solvent  cooled 
<  0.8925,  D  residue,  solvent  distilled 
10.9230,  H 
i  0 .  8908,  C 
/  0.8875,  D 

No  doubt  the  petroleum  hydrocarbons  under  the  condition 
of  cold  solution  used  by  Charitschoff  do  exert  a  mutual  sol- 
ubility and  interfere  with  the  use  of  specific  gravity  as 
means  of  identification,  but  under  the  influence  of  a  hot  solvent 
it  seems  to  be  quite  otherwise. 

The  constants  relied  upon  for  grouping  and  identification 
were  specific  gravity,  molecular  weight,  and  composition  by 
analysis.  Determinations  of  specific  gravity,  except  of  the 
most  viscous  tars,  which  were  weighed  under  water  by  the 
method  of  Kirschbraun,  were  made  in  a  Sprengel  pycnometer 
at  20°  C. 

In  the  beginning,  molecular  weights,  especially  of  the  heavy 
hydrocarbons,  gave  much  trouble.  Of  the  common  solvents 
benzene  alone  at  the  boiling  point  was  applicable,  and  this 
was  reliable  only  with  the  lower  members  of  the  Appalachian 
oils.  Stearic  acid  at  50°  C.  proved  to  be  more  satisfactory. 
A  weight  of  oil  from  0.3  to  1.5  grams,  depending  upon  the 
specific  gravity  of  the  oil,  gave  a  depression  of  from  0.150 
to  0.400°  C.  on  the  Beckman  scale.  The  limitations  of  the 
method  and  the  accuracy  required  for  concordant  readings 
are  shoT\-n  by  the  fact  that  for  molecular  weights  above  1000, 
a  depression  of  0.001  °  C.  corresponds  to  nearly  a  difference  of 
the  increment,  CHj,  but  below  500  to  a  difference  of  only  2  to  4 
units.  Occasionally,  stearic  acid  gives  abnormally  high  read- 
ings, doubtless  caused  by  irregularity  in  the  initial  separation 
of  crystals,  wliich  resisted  all  attempts  toward  correction  by 
variation  in  stirring  or  other  manipulation;  but  several,  usu- 
ally not  more  than  three  repetitions,  readily  revealed  by  con- 
cordant values,  could  be  reUed  upon  for  the  desired  results. 
In  the  extremely  high  values,  1600  or  more,  that  define  the  hy- 
drocarbons with  the  largest  molecular  weights,  the  observa- 
tions were  as  closely  concordant  as  with  the  oOs  having  a  mo- 
lecular weight  of  300.  The  commercial  acid  dried  at  100°  C.  is 
sufficiently  pure;  different  lots  showed  small  variations  in 
the  constant— for  example,  (1)  4.431,  (2)  4.467;  Bernstein 
gives  for  this  constant,  4.5.  Particular  attention  was  neces- 
sary in  getting  complete  solution  of  the  heavy  oils,  and  these 
required  large  weights  for  sufficient  depression. 

To  yield  the  small  differences  in  percentages  of  carbon  and 
hydrogen  necessary  to  distinguish  between  the  different 
series,  the  gases  from  the  asphaltic  oOs  require  the  highest 
temperature  for  complete  combustion  that  the  most  infusible 
glass  win  stand  with  a  stream  of  oxygen  on  the  copper  oxide 
in  front  of  the  oil.  Much  time  was  saved  by  weighing  the 
bulbs  filled  with  o.xygen.  Although  a  50  per  cent  solution  of 
potassium  hydroxide  was  used,  with  solid  potassium  hydrox- 


ide or  soda  lime  and  phosphorous  pentoxide  in  the  safety 
tube  of  the  Geissler  bulb,  a  horizontal  tube  in  front  with  soda 
lime  and  phosphorous  pentoxide  invariably  showed  from 
0.0005  to  0.0020  gram  increase  in  weight,  sufficient,  if  lost, 
to  spoil  the  analysis. 

Vameties  of  Petroleum  Investigated 

General  apphcation  of  the  method  herein  described  to  the 
petroleum  fields  of  the  world  should  doubtless  involve  the 
study  of  more  than  one  hundred  representative  varieties. 
In  this  paper  is  included  the  separation  of  the  constituent 
hydrocarbons  from  the  following  five  typical  crude  oUs: 


Depth  of 

t  ^ 

S       3 

Well 

Specific 

b   CO   3 

J!  >.o 

Locality 

Strata 

Feet 

Gravity 

^>-u 

s--> 

Cabin  Creek,  W.  Va. 

Lowest  Berea  grit 

1st  sample 

1700 

0.8100 

25 

8683 

2nd  sample 

1700 

0.7850 

20 

8638 

Rosenbury,  Emblen- 

ton.   Pa. 

Rosenbury  sand 

1240 

0.8080 

35 

8852 

Mecca,  Ohio 

Loose  sand 

150 

0.9023 

80 

9076 

Sour  Lake,  Texas 

Loose  sand 

2000 

0.9333 

40 

9580 

Baku,  Russia 

Loose  sand 

Shallow 

0.8650 

35 

9270 

The  Cabin  Creek  and  Rosenbury  oils  are  regarded  as  the 
best  varieties  of  Appalachian  petroleum,  and  known  in  the 
trade  as  paraffin-base  oUs.  They  contain  large  proportions 
of  the  gasoline,  kerosene,  and  solid  paraffin  hydrocarbons, 
leaving  residues  solid  with  paraffin  at  300°  C,  30  mm.  Au- 
thentic specimens  of  these  oils,  pale  yellow  in  color,  were  pro- 
cured for  this  examination  from  O.  C.  Dunn,  Marietta,  Ohio. 
The  Sour  Lake  oil,  procured  from  a  reliable  source,  is  a 
typical  heavy  Southern  crude,  containing  no  Cnll2n  +  2 
hydrocarbons;  the  crystaUine  hydrocarbons  occasionaOy  ob- 
served in  some  distillates  are  probably  of  a  hea\ier  series. 
That  the  less  volatile  portions  of  the  Texas  oils  are  composed 
to  a  large  extent  of  the  best  lubricant  hydrocarbons  cannot 
be  doubted,  and  while  the  balance  of  the  Northern  crudes 
are  of  the  lighter  series,  a  large  proportion  in  the  basic  South- 
ern crudes  are  of  the  so-called  asphaltic  hydrocarbons  which 
impart  high  viscosity  to  the  lubricants  oontaining  them. 
How  far  the  higher  specific  gravity  and  viscosity  indicate 
superior  lubricant  quality  depends,  of  course,  on  the  inherent 
wearing  quaUty  of  the  asphaltic  hydrocarbons,  and  this  has 
never  been  precisely  defined.  In  the  early  development  of 
Texas  oU  territory  it  was  the  synonjrm  for  high  sulfur  petro- 
leum. Intimately  associated  with  beds  of  sulfur,  the  sulfur 
was  dissolved  to  the  Umit  of  saturation,  and  the  resulting 
chemical  changes  eliminated  hydrogen  as  hydrogen  sulfide 
with  the  formation  of  the  heavy  hydrocarbons.  In  the  for- 
mation of  such  heavy  crudes  as  the  Sour  Lake,  evidently 
sulfur  has  been  a  determining  element.  With  continued 
production  the  original  proportions  of  sulfur  in  these  oUs, 
1  to  3  per  cent,  have  been  greatly  reduced. 

The  Russian  oil  is  a  part  of  two  barrels  brought  for  the 
author's  use  twenty-five  years  ago  from  Baku.  It  is  less 
stable  than  American  oils  and  care  is  necessary  to  avoid  de- 
composition, even  under  reduced  pressure.  Like  all  Russian 
crudes,  the  distiLlable  portion  is  composed  of  the  naphthene 
hydrocarbons  that  make  superior  luminants,  and  the  remain- 
der has  a  smaller  proportion  of  lubricants  than  American 
petroleum,  but  considerable  asphaltic  constituents.  The 
great  body  of  the  midcontinental  fields  yields  oils  with  mixed 
constituents;  they  are  usually  referred  to  as  oils  with  a  mixed 
base,  paraffin  and  asphaltic,  and  the  lubricants  made  from 
them  possess  a  peculiar  composition  and  quality  quite  differ- 
ent from  those  of  the  Appalachian  or  the  Southern  crudes. 
From  the  general  composition  of  these  varieties  of  petroleum, 
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Table  II- 

-DisTiLLABLE  Constituents 

OF  MEC 

CA  Petroleum 

Fraction 

Specific 

c 

H 

C 

H 

Refractive 

°C. 

Gravity 

Mol.  Wt. 

% 

% 

Hydrocarbon 

Mol.  Wt.         % 

% 

Series 

Index 

120-121 

0.8600 

177 

86.61 

13.26 

CijH:. 

180 

86.66 

13.34 

C„Hj„_j 

1.4605 

130-131 

0.8631 

190 

86.67 

13.23 

Cl4H!S 

194 

86.60 

13.40 

C„H!„-i 

1.4625 

138-141 

0.8648 

204 

86.62 

13.33 

C.sH,! 

208 

86.54 

13.46 

C„H!„-2 

1.4650 

150-152 

0.8692 

218 

87.10 

12.75 

CHm 

220 

87.28 

12.72 

,    C„Hi»-i 

1.4665 

168-170 

0.8696 

226 

86.87 

12.85 

C17H30 

234 

87.18 

12.82 

C„Hi„-, 

1.4715 

182-184 

0.8722 

244 

87.08 

12.82 

Ci.Hai 

248 

87.10 

12.90 

CnHan-, 

1.4710 

194-196 

0.8730 

258 

86.95 

13.12 

Ci.Hj. 

262 

87.03 

12.97 

C„H2„-4 

1.4725 

213-214 

0.8750 

270 

86.90 

12.95 

C-oHi, 

276 

86.96 

13.04 

C„Hi„-, 

1.4750 

237-238 

0.8834 

334 

86.65 

13.24 

C!,H„ 

332 

86.75 

13.25 

C„Hj„-< 

1.4785 

244-246 

0.8840 

348 

86.73 

13.21 

CmH,6 

346 

86.70 
^fsidue 

13.30 

C„H!„-4 

1.4815 

Light  Hydrocm 

■bons  from  Mecca 

Vacuum 

0.8837 

343 

86.62 

13.25 

CzsHm 

346 

86.70 

13.30 

C„H!„_. 

0.8847 

389 

86.70 

13.25 

CjsHb 

388 

86.60 

13.40 

C„Hi„_, 
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they  seemed  especially  weU  adapted  for  this  investigation, 
as  representing  the  principal  fields. 

Mecca  petroleum,  specific  gravity  0.9023,  known  as  a 
natural  lubricant  since  the  beginning  of  the  petroleum  indus- 
try, is  typical  of  occasionally  occurring  small  pockets  or  sec- 
tions at  shallow  depths  where  the  original  oil  has  been  par- 
tially refined  by  natural  agencies,  lea\ing  only  hydrocarbons 
with  large  molecular  weights,  containing  no  gasoline,  kerosene, 
or  paraffin  hydrocarbons  and  a  very  small  amount  of  the 
asphaltic  hydrocarbons.  All  but  12  per  cent  of  the  lighter  end 
form  the  best  lubricants. 

DiSTILLABLE  CONSTITUENTS  OF  MeCCA  PETROLEUM 

On  account  of  its  peculiar  composition,  and  since  there  is 
an  opportunity,  for  the  first  time,  to  give  a  description  of  the 
undecomposed  hydrocarbons  in  a  crude  oil  from  beginning 
to  end,  it  seemed  of  interest  to  make  the  separation  of  Mecca 
oil  complete  from  the  first  distillate.  The  lower  constituents 
were,  therefore,  separated  by  several  distillations  in  vacuo, 
refined,  and  the  values  obtained  for  specific  gravity,  molec- 
ular weight,  and  percentage  composition  are  given  in  Table 
II.  The  pecuhar  disagreeable  odor  of  some  of  the  distillates 
indicates  that  the  crude  oil  is  not  so  far  removed  from  its 
original  organic  source  as  the  Appalachian  oils. 

These  determinations  of  refractive  index  increase  with 
increase  in  specific  gravity  and  in  molecular  weight  the  op- 
posite of  the  hydrocarbons  in  the  Appalachian  oils,  and,  as 
will  appear  later,  even  in  the  Mecca  hydrocarbons  of  higher 
molecular  weight  in  the  vacuum  residue.  The  distillate 
244°  to  246°  C,  specific  gravity  0.8840,  treated  as  in  the 
separation  of  the  D  and  H  series,  gave  a  D  hydrocarbon, 
specific  gra\'ity  0.8850,  refractive  index  1.4865;  and  arxH  hy- 
drocarbon, specific  gravity  0.8835,  a  lower  refractive  index, 
1.4765,  both  indicating  more  than  one  series,  as  in  the  higher 
hydrocarbons.  Some  of  the  Mecca  vacuum  residue  that  can 
be  distilled  at  300°  to  320°  C.  without  decomposition,  and 
that  has  been  refined  for  use  as  a  lubricant  on  fine  watch  and 
clock  bearings,  was  separated  by  the  solvent  into  the  following 
fractions: 


Specific 

Index  of 

faction 

Gravity 

Refraction 

1-D 

0.8837 

1.4835 

The  I 

nolecular  weight  and  analysis  gaTe 

l-H 

0.8780 

1.4805 

ttie  following  formulas  for  the  D  group. 

2-D 

0.8789 

1.4815 

indici 

ating 

the  series  C„H2»-.; 

2-H 

0.8710 

1.4765 

C.iH.s 

3-D 

0.8705 

1.4815 

CkH.o 

3-H 

0.8682 

1.4755 

C..H., 

4-D 

0.8745 

1.4785 

C.iH« 

4-H 

0.8680 

1 . 4760 

Ci,Hh 

5-0 

0.8750 

These  hydrocarbons  form  the  connecting  link  in  the  series 
between  those  that  can  and  those  that  cannot  be  distilled. 
The  data  of  this  examination  indicate  more  than  one  series. 

Series  and  Homolog  Hydrocahbons  in  Petroleum 

Investigations  carried  on  in  this  laboratory  and  elsewhere 
have  shown  that  petroleum  is  chiefly  composed  in  variable 
proportions  of  the  series  CnHin  +  i,  gasoline,  kerosene,  and 


paraflSn  hydrocarbons;  the  series  CnH2n-2,  the  Ught  lu- 
bricants, especially  of  Appalachian  petroleum;  the  series 
CnH2n-4  aud  CnHju-s,  the  heavier  lubricants,  the 
aromatic  derivatives  of  benzene;  and  heavier  series  still 
poorer  in  hydrogen  to  CnH2,.-2o  than  appear  in  tliis  paper 
are  reported  as  present  in  European  petroleum.  The  homo- 
logs  of  the  heavier  series  above  300°  C.  vacuo  appear  to  in- 
crease in  regular  increments  similar  to  the  distillable  series — 
the  D  hydrocarbons,  lubricants  to  the  final  heavy  ends,  except 
in  the  asphaltic  crudes,  and  the  H  hydrocarbons,  asphaltic 
in  the  heavy  ends — in  all  except  the  Appalachian  petroleum. 

In  the  upper  ends  of  the  series  first  separated  of  all  the  oils 
examined,  the  specific  gravity  of  the  fractions  increased  very 
materially,  some  even  higher  than  those  of  the  lower  ends. 
This  was  found  to  be  caused  by  carboxylic  acids  or  ethers 
more  soluble  than  the  hydrocarbons  themselves.  By  further 
treatment  of  the  upper  fractions,  the  soluble  oils  were  re- 
moved, leaving  the  hydrocarbons  in  Table  III.  The  first 
ten  to  fifteen  D  and  H  homologs  separated  in  each  crude  oil 
were  given  two  or  more  extractions  and  collected  in  the 
smaller  groups  presented  in  this  table.  Much  time  was  lost  in 
this  work  before  it  was  learned  that  the  crude  oils  contained 
more  than  one  series  of  lubricants,  and  that  the  series  as  well 
as  the  individual  homologs  differed  materially  in  solubility. 
While  the  formulas  and  series  represent  the  definite  compo- 
sition of  the  fractions  separated,  it  should  require  the  manip- 
ulation of  much  larger  quantities  of  the  crude  oils  than  is 
possible  in  the  ordinary  chemical  laboratory,  and,  as  in  frac- 
tional distillation,  a  greatly  prolonged  treatment  to  isolate 
with  a  closer  approximation  the  individual  hydrocarbons. 
To  avoid  serious  loss  in  watch-glass  transference,  the  fractions 
were  kept  in  bottles  saturated  with  the  solvent  and  small  lots 
were  dried  at  120°  C.  for  examination. 

For  the  purpose  of  showing  at  a  glance  the  consistency  of 
the  hydrocarbons  described  in  the  preceding  table  as  they 
appear  spread  out  on  watch  glasses,  in  Table  IV  is  given  a 
brief  description  of  the  first  and  last  members  of  each  series 
from  all  the  crude  oils. 

In  the  destructive  distillation  of  Appalacliian  petroleum 
by  the  common  method  of  refining,  the  most  valuable  lubri- 
cants of  the  heavy  ends,  such  as  the  last  D  and  H  fractions  in 
the  Cabin  Creek,  Rosenbury,  and  Mecca  (Table  III),  the  best 
lubricants  in  any  petroleum,  are  lost  in  coking.  This  is  of 
less  consequence  in  the  asphaltic  oils,  for  the  lubricants  in 
these  crudes  are  for  the  most  part  carried  over  in  the  steam 
distillates,  lea\ing  only  asphaltic  residues. 

On  account  of  the  less  solubility  of  the  lower  members  of 
each  series  and  the  separation  of  homologs  in  only  one  direc- 
tion, it  was  possible  to  remove  very  completely  the  higher 
homologs,  and,  therefore,  to  obtain  data  for  the  calculation 
of  the  formulas  of  the  lowest  residual  hydrocarbons  as  re- 
hable  as  the  methods  of  definition  are  capable  of  yielding. 
These  last  hydrocarbons  were,  therefore,  carefully  purified  for 
the  comparison  of  physical  properties  and  lubricant  value. 
Those  from  the  heavier  oils  have  the  intensified  qualities  of 
the  commercial  asphalts;  black  in  color,  they  may  be  drawn 
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Table  III 

Specific 

C 

H 

"~ 

c 

H 

Refractivb 

■■raction 

GRAVlTy 

Mol.  Wt. 

Per  cent 

Per  cent 

Formula           Mol.  Wt. 

Per  cent 

Per  cent 

Series                Index 

Cahin  Creek 

D  Series 

1 

O.S7oS 

309 

86.76 

13.21 

CkH.o 

304 

86.84 

13.16 

CnH2>.-4                   I. 

4920 

2 

0.8764 

327 

86.76 

13.18 

CmH« 

332 

86.75 

13.25 

CnH2n_i 

3 

0.8815 

428 

86.56 

13.34 

CsiHiB 

430 

86.50 

13.50 

CHln-i 

4 

0.8822 

452 

86.45 

13.44 

CjjHei 

458 

86.46 

13.54 

CnH2„_, 

5 

0.8829 

488 

86.32 

13.48 

CssHes 

486 

86.42 

13.58 

CnH2„_, 

6 

0.8832 

585 

86.35 

13.59 

CaHso 

584 

86.30 

13.70 

C„H2„_4 

7 

0.8835 

717 

86.10 

13.79 

CsiHioo 

724 

86.20 

13.80 

C7.H2n-4                       1 

4880 

8 

0.8855 

803 

86.27 

13^3 
l!f70 

CisHiis 

808 

86.14 

13.86 

C„H27.-1                            1 

4810 

fl  Series 

1 

0.8721 

459 

87.21 

C33HS8 

454 

87.22 

12.78 

C„H27,-«                            1 

4880 

2 

0.8725 

476 

87.20 

12.64 

C3.H6O 

468 

87.20 

12.80 

C„H2„-8 

3 

0.8729 

490 

87,02 

12.86 

CjeHe, 

496 

87.10 

12.90 

CnH2a-8 

4 

0.8819 

635 

86.52 

13.51 

CeHw 

636 

86.79 

13.21 

C„H2„_, 

5 

0.8863 

750 

86.72 

13.22 

C54H100 

748 

86.64 

13.36 

C«H2»-8                            1 

4870 

6 

0.8873 

769 

86.72 

13.42 

CssHioj 

762 

86.60 

13.40 

C„H2„_, 

7 

0.9063 

1696 

86.50 

13.43 

C122H132 

1700 

86.32 

13.68 

CnH2n-l2                   1 

48i0 

P  Series 
1 

Rosenbury 

0.8796 

384 

86.13 

13.40 

CisHs! 

388 

86.60 

13.40 

C„H7„-»                 1 

4930 

2 

0.8816 

438 

86. 6S 

13.24 

C32H,0 

444 

86.48 

13.52 

CnH2„_!                      1 

4890 

3 

0.8822 

481 

86.42 

13.39 

C3lH6« 

486 

86.42 

13.58 

CnH2„_, 

4 

0.8836 

518 

86.15 

13.71 

C37H,0 

514 

86.38 

13.62 

CnH2„_,                    1 

4880 

Series 

1 

0.8742 

549 

87.08 

12.85 

CioHt! 

552 

86.96 

13.04 

C„H2„.8                         1 

4920 

2 

0.8765 

615 

86.78 

13.15 

CisHgj 

622 

86.82 

13.18 

C„H2n-. 

3 

0.8812 

639 

86.65 

13.25 

C«Hm 

636 

86.78 

13.22 

C„H2n-8 

4 

0.8850 

666 

86.60 

13.30 

CisHs. 

664 

86.74 

13.26 

C„H2„-, 

5 

0.8848 

727 

86.59 

13.29 

CsiHm 

720 

86.68 

13.32 

CnH!>»-8 

6 

0.8865 

805 

86.63 

13.37 

C.mHioi 

804 

86.56 

13.44 

CnHin-.                    1 

4870 

7 

0.8950 

830 

86.49 

13.52 

C60H112 

832 

86.54 

13.46 

CnHin., 

8 

0.8998 

980 

86.69 

13.28 

CesHiie 

954 

86.80 

13.20 

CnH2„-i! 

9 

0.9079 

1730 

86.58 

13.35 

CmH23< 

Mecra 

1734 

86.50 

13.50 

CHjn-ie                 1 

4870 

I>  Series 

1 

0.8945 

465 

87.37 

12.61 

C34H60 

468 

87.20 

12.80 

C„H7n-» 

2 

0.8950 

500 

87.13 

12.70 

C36H« 

496 

87.10 

12.90 

C„H2„-8 

3 

0.8960 

631 

86.87 

13.10 

C)6Hm 

636 

86.78 

13.22 

C„H!„-8 

4 

0.8962 

662 

86.60 

13.20 

C<8HS8 

664 

86.75 

13.25 

C^H:„-l 

5 

0.8966 

728 

86.62 

13.22 

CmHss 

734 

86.66 

13.34 

CnH!,>-8 

6 

0.8982 

770 

86.41 

13.50 

CseHio. 

776 

86.60 

13.40 

Cnm„-, 

7 

0.8998 

832 

86.45 

13.47 

C60H11S 

832 

86.54 

13.46 

C„H27>-8 

8 

0.9171 

1080 

86.58 

13.42 

C78HU8 

1084 

86.34 

13.66 

CnH2,.-. 

H  Series 

1 

0.9058 

-477 

87.65 

12.37 

C3iHl8 

478 

87.87 

12.13 

C„Hi„-i2 

2 

0.9072 

550 

87.57 

12.48 

C.0H68 

548 

87.59 

12.41 

CnH2n-l2 

3 

0.9018 

684 

87.06 

12.82 

C60H8> 

688 

87,21 

12.79 

CnH2n-12 

4 

0.9022 

725 

87.16 

12.76 

CkHsi 

688 

87.16 

12.76 

C„H2n-W 

5 

0.9052 

823 

87.12 

12.73 

CeoHioB 

828 

86.96 

13.04 

C„H2„-I2 

6 

0.9065 

992 

87.22 

12.75 

C72H128 

992 

87.10 

12.90 

C,.H2„-i. 

7 

0.9600 

1662 

87.34 

12.56 

CmHjM 

1668 

87.23 

12.77 

C„H2n-20 

Sour  Lake,  Texas 

O  Series 

1 

0.9408 

450 

87.93 

11.91 

C33HH 

450 

88.00 

12.08 

C„H2„_ij                1 

4980 

2 

0.9467 

462 

88.09 

11.81 

C3.HS6 

464 

87.93 

12.07 

C„H2„-ij 

3 

0.9482 

503 

87.82 

12.15 

C37Ht! 

506 

87.74 

12.26 

CnH!„_ii 

4 

0.9535 

531 

87.58 

12.30 

C39HM 

534 

87.64 

12.36 

CnH2»_u                   1 

4960 

5 

0.9595 

554 

87.62 

13.32 

C«H70 

562 

87.54 

12.46 

CnHln-l! 

6 

0.9643 

849 

86.80 

13.18 

CejHiij 

856 

86.92 

13.08 

CnHjn-lJ                     1 

4940 

H  Series 

1 

0.9470 

602 

87.90 

12.05 

C«Ht2 

600 

88.12 

12.00 

CnH2„_16                       1 

4970 

2 

0.9497 

630 

87.60 

12.45 

Cl6H7  8 

632 

87.62 

12.38 

CnH2n_18 

3 

0.9559 

680 

87.55 

12.35 

CS0H81 

684 

87.72 

12.28 

CnH2n-l. 

4 

0.9643 

716 

87.58 

12.25 

CmHss 

712 

87.64 

12.36 

CnHiiwls 

5 

0.9700 

792 

87.66 

12.25 

Cs»Hs6 

785 

87.88 

12.12 

C„H2i.-20                       1 

4940 

6 

0.9714 

854 

87.50 

12.24 

CesHiM 

848 

87.74 

12.26 

CnH2»-jo 

7 

0.9720 

981 

87.65 

12.35 

C72Hm 

988 

87.45 

12.55 

CnH2n-20 

8 

1.0230 

1239 

87.60 

12.27 

C90H160 

1240 

87.98 

12.02 

CnH2,wl0 

Baku,  Russia 

D  Series 

1 

0.9186 

381 

87.42 

12.53 

C!7H„ 

308 

88.05 

11.95 

CHjn-lo                     1 

4920 

2 

0.9251 

402 

87.75 

11.93 

C29Hi8 

396 

87.88 

12.12 

C,.H2n-10 

3 

0.9254 

494 

87.46 

12.53 

C3«H62 

494 

87.47 

12.53 

CnH2„-io 

4 

0.9262 

640 

86.91 

13.03 

C46H82 

634 

87.06 

12.94 

CHjn-lo 

5 

0.9288 

1022 

87.29 

12.68 

C7lHl38 

1026 

86.55 

13.45 

C„Hjn-io 

H  Series 

1 

0.9025 

300 

87.95 

11.96 

C22H3. 

300 

88.00 

12.00 

C„H2n-8 

2 

0.9160 

334 

87.98 

12.01 

CnHio 

328 

87.80 

12.20 

CnH2n-8 

3 

0.9167 

378 

87.36 

12.53 

C2SH,8 

3S4 

87.50 

12.50 

C„H2„-8 

4 

0.9150 

420 

87.28 

12.60 

CiHsi 

426 

87.32 

12.68 

CnHjn-, 

5 

0.9162 

460 

87.29 

12.66 

C33H58 

454 

87.22 

12.78 

CnHa„-8 

6 

0.9242 

661 

86.72 

13.21 

CsHs! 

664 

86.75 

13.25 

C»Hsn-s 

0.9360 

847 

86.63 

13.30 

C.iHiu 

846 

86.52 

13.48 

C„H!„_, 

S 

0.9402 

1098 

98.31 

12.68 

CsoHno 

1100 

87.28 

12.72 

CnHjn-.o                   1 

49i0 

out  to  a  considerable  length  in  very  fine  threads,  and  possess 
great  adhesiveness.  The  lesidual  lubricants  from  the  Ap- 
palachian crudes,  amber  in  color,  greasy  in  feel,  and  of  high 
viscosity,  differ  in  appearance  from  the  gray  basic  stocks  of 
the  midcontinental  lubricants,  which  are  doubtless  to  some 
extent  mixtures  vath  asphaltic  bases. 

On  account  of  the  limits  of  accuracy  in  the  determinations 
of  molecular  weights  mentioned  above,  the  fractions  with 
higher  values,  such  as  the  Rosenbury  fraction  C125H234,  may 
be  incorrect  by  one  or  more  increments  CH2,  but  by  the  de- 
terminations upon  which  it  is  based  it  must  have  a  high  value, 
for  the  fraction  9-H,  specific  gravity  0.8933,  gave  in    two 


molecular  weight  determinations  (1)  1722,  (2)  1718;  further 
fractioned  with  specific  gra^^ty  0.8943  it  gave  1728;  and  still 
further  fractioned  with  specific  gravity  0.9079  it  gave  1730. 
There  appears,  tlierefore,  to  be  no  doubt  as  to  its  high  molec- 
ular composition.  So  also  the  molecular  weight  1696  of 
the  Cabin  Creek  7-H  fraction,  specific  gravity  0.9063,  with 
the  next  largest  value,  appears  to  be  correct,  since  it  was 
separated  from  both  specimens  of  the  crude  oil  which  gave 
fractions  -with  the  molecular  weights  (1")  1685,  (2)  1690,  and 
with  analysis  corresponding  to  the  formula  CisaHos!-  There- 
fore, with  methane  as  the  first  gaseous  hydrocarbon  and 
pentane  as  the  first  liquid,  under  oidinary  pressure,  passing 
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Table    IV- 

-Consistency  of    D   and    H 

Hydrocarbons 

Cabin 

Creek 

ROSENBURY 

Mecca 
D  Series 

Sour  Lake 

Russian 

(1)    Light  amber;  fine,  light 
lubricant 

(1) 

Light     amber;          fine 
light    lubricant 

(1) 

Light     amber;         fine 
lubricant 

(1) 

Dark      amber;        just 
flows;     good  lubricant 

(1) 

Dark  amber;  slow 
flow;      good    lubricant 

(8)    Dark      : 
readily; 
cant 

imber;      flows 
heavy     lubri- 

(S) 

Dark    amber;        thick 
flow;     heavy  lubricant 

(7) 

Dark    amber;       thick 
flow;     heavy  lubricant 

//  Scries 

(7) 

Black,  sticky    ta 
lubricant 

r;    no 

(.8) 

Black,  sticky,  asphalt, 
oil;     no   lubricant 

(1)    Light  an 

iher;  like  1-D 

(I) 

Thin  flow;    light  lubri- 

(1) 

Light    amber;    thicker 
than  Cabin  Creek  and 
Roseubury 

(1) 

Dark     amber;         just 
flows;     good  lubricant 

CD 

Dark  amber;  thick 
flow;    heavy  lubricant 

(8)    Dark    ar 
solid 

nber;        thick, 

(S) 

Dark  amber;  slow  flow 

(7) 

Black,  sticky,  tarry  oil 

(8) 

Black,     brittle, 
asphalt 

solid 

(8) 

Thick,    black    asphalt 

through  the  several  series  of  light  and  heavy  liquids,  through 
viscous  lubricants  and  solid  paraffin,  the  final  lower  end  is 
reached  in  these  oils,  so  viscous  they  'will  not  flow  at  common 
temperatures,  the  heaviest  lubricant  hydrocarbons  in  Appa- 
lachian petroleum. 

Although  the  Mecca  H  group  is  composed  in  general  of 
much  heavier  hydrocarbons  than  those  from  the  Appalachian 
oUs,  the  lubricants  in  the  lower  end  of  its  series  are  not  very 
different  from  the  others.  The  last  H  hydrocarbon,  C122H204, 
specific  gravity  0.9600,  is  not  a  lubricant  but  an  asphalt.  The 
last  D  hydrocarbon,  CygHng,  specific  gravity  0.9171,  is  a  true 
lubricant,  viscosity  5461  seconds;  and  the  last  Rosenbury, 
9-H,  specific  gravity  0.9079,  viscosity  5248  seconds,  water 
standard  2.4  seconds  at  50°  C,  probably  the  highest  \iscosity 
of  any  petroleum  hydrocarbons,  not  only  iiidic;ites  that  lower 
specific  gra\'ity  is  characteristic  of  the  best  lubricants,  but 
it  defines  the  difference  in  lubricant  quality  between  the 
hydrocarbons  of  the  Appalachian  and  those  of  the  heavy 
asphaltic  crude  oils,  with  the  higher  specific  gravity  of  the 
latter.  Furthermore,  tliis  Mecca  asphaltic  oil,  7-H,  has 
nearly  the  same  high  specific  gravity,  0.9600,  as  the  Sour 
Lake  D  asphaltic  oil,  specific  gravity  0.9643,  which  resembles 
all  the  others  with  which  it  is  associated,  except  the  higher 
homologs,  which  are  lubricants.  The  last  Sour  Lake  oil, 
8-H,  specific  gravity  1.0230,  C90H160,  is  a  brittle  asphalt,  for 
which  no  lubricant  quality  can  be  claimed. 

The  predominating  asphaltic  nature  of  the  Baku  oil  is 
equally  well  defined,  although  with  smaller  values  in  specific 
gravity  than  the  Sour  Lake.  Th'e  last  H  hydrocarbon  is  a 
black,  sticky  asphalt,  a  little  higher  in  viscosity  than  the 
Sour  Lake,  but  the  last  5-D,  C74H138,  also  a  black  sticky  oil, 
has  a  higher  viscosity  than  any  other  in  this  or  the  Sour 
Lake  groups.  In  the  Baku  oU,  unlike  the  others,  the  D 
series,  C„H2n-io.  seems  to  be  poorer  in  hydrogen  and  heav- 
ier than  the  II  series.  The  latter  appears  to  be  composed  of 
a  large  number  of  low  molecular  weight  hydrocarbons,  the 
upper  lubricants,  the  lower  asphalts.  As  in  the  Sour  Lake 
oU,  the  asphaltic  hydrocarbons,  in  part  lubricants,  appear  to 
predominate;  even  the  last  D  oils  are  asphaltic. 

The  halogens  react  with  these  hj'drocarbons  as  readily  as 
with  those  of  lower  molecular  weights,  and  with  the  same  brisk 
evolution  of  the  haloid  acid.  At  about  70°  C.  the  action 
proceeds  most  satisfactorily,  with  complete  solution  of  the  oil 
in  4  or  5  hours.  At  higher  temperatures  complete  solution 
may  take  place  in  1  hour.  There  is  a  marked  difference  in 
the  appearance  of  the  products  from  the  D  and  H  hydro- 
carbons. On  pouring  into  a  large  volume  of  water,  all  the 
nitro  derivatives  from  the  D  hydrocarbons  separate  in  a 
flocculent,  finaUy  crj'staOine  form,  those  from  the  heavy  H 
hydrocarbons,  as  sticky  oUs.  The  reactions  of  these  bodies 
show  them  to  be  nitrocarboxylic  acids.  With  the  ammonium 
salt  formed  by  solution  in  ammonium  hydroxide  silver 
nitrate  precipitates  the  silver  salt  readily  soluble  in  nitric 
acid.  With  tin  and  hydrochloric  acid  the  nitro  compound 
is  reduced  to  the  amino  acid.     Barimn  and  lead  salts  are 


readily  formed.  Analysis  showed  a  much  lower  molecular 
weight  than  that  of  the  original  oU.  While  the  action  of 
solvents  indicated  complex  mixtures,  it  seemed  possible  by 
proper  fractionation  to  separate  individual  constituents.  A 
study  of  these  derivatives  will  be  continued. 

A  summation  of  the  facts  relating  to  the  nature  of  these 
hydrocarbons  that  make  up  from  25  to  35  per  cent  of  petro- 
leum seems  to  present  a  well-defined  distinction  between  the 
lubricant  and  the  asphaltic  hydrocarbons,  and  appears  to 
support  the  view  that  the  higher  specific  gravity  of  the  Sour 
Lake  and  Russian  lubricant  hydrocarbons  is  due  to  their 
inherent  structure,  which  is  altogether  different  from  the 
lubricant  structure  of  the  Appalachian  oils.  In  further  study 
now  in  progress  of  petroleum  lubricants  in  general,  including 
the  midcontinental  oils,  the  relation  of  high  specific  gravity 
and  viscosity  to  wearing  quality  wUl  receive  attention. 

Sulfur  in  Sour  L.4.ke,  Russian,  and  Appalachian  Hydro- 
carbons 

All  determinations  of  sulfur  were  made  by  combustion  in 
oxygen,  the  most  accurate  and  expeditious  method  for  sulfur 
in  oils,  tars,  and  asphalts.  The  variation  in  the  percentage 
of  sulfur  indicates  that  the  solvent  differentiates  in  the  sulfur 
derivatives  as  in  that  of  the  hydrocarbons,  the  greater  part 
aiTpearing  i^  the  H  series. 


Table   V — Per  cent  Sulfur  in   Hydrocarbons 

Crude    Oil 

D  Fractions                          H  Fractions 

Per   cent 

13              6                  14              8 

Sour  Lake            0.33       0.27       0.57            0.67       0.48       0.66 

0.59 

Cabin  Creek 

0.05 

Rosenbury 

0.01 

Mecca 

0.08 

Russian 

0.15 

Carboxyl  Derivatives  in  American  Petroleum 

All  pre\'ious  records  of  individual  fractions  from  the  differ- 
ent varieties  of  hea\'y  petroleum — Ohio,  California,  Texas, 
Russia,  etc. — have  shown  wide  variation  and  abnormally 
high  values  in  specific  gravity.  So  the  different  series  from 
the  hea\'y  crudes  described  in  this  paper  show-  similar  varia- 
tions. These  observations  indicate  that  the  carboxyl  acids, 
or  more  probably  esters,  are  present  in  all  varieties  of  American 
petroleum,  but  in  variable  amounts,  from  the  traces  detected 
in  the  Appalachian  oils  to  2  per  cent  indicated  by  com- 
bustions of  the  fractions  in  the  Sour  Lake  asphaltic  oil.  In 
further  testing  for  the  presence  of  carboxylic  acids,  the  upper 
D  Sour  Lake  fractions,  dissolved  in  ether  and  extracted  with 
potassium  hydroxide,  the  aciueous  solution  acidified  and  again 
extracted  with  ether,  leaves  on  evaporation  a  considerable 
amount  of  the  oily  acid  residue.  The  specific  gravity  of  the 
hydrocarbon  oil  before  and  after  the  extraction  of  i-D  fraction 
was,  respectively,  0.9642  and  0.9575.  The  action  of  the  sol- 
vent in  carrying  up  the  carboxyl  derivatives  in  the  fractions 
of  the  Russian  oil  is  plainly  evident  in  the  high  specific  grav- 
ity, 1.1050,  of  the  oil  extracted  from  the  upper  D  fraction,  and 
the  composition  of  this  fraction  (C,   86.83;    H,   10.41)  as 
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compared  with  a  fraction  in  the  middle  of  the  series  (C,  87..58; 
H,  12.45),  viscosity  of  the  first  oil  at  50°  C.  317  seconds  and 
of  the  second  oil  2005  seconds,  water  equivalent  2.8  seconds. 
The  carboxyl  oil  dissolved  out  from  Mecca  l-D  fraction, 
specific  gra^^ty  1.0105,  gave  by  combustion  86.70  per  cent  C, 
and  12.41  per  cent  H,  with  a  difference  of  0.89  per  cent  for  O2. 
The  viscosity  of  this  oil  was  468  seconds  as  compared  with 
the  hydrocarbon  C12CH220,  specific  gravity  0.9171  at  the  lower 
end  of  the  same  series,  viscosity  1073  seconds  at  50°  C,  water 
equivalent  2.8  seconds.  It  would  be  of  interest  to  isolate 
larger  quantities  of  these  oUs  and  ascertain  their  composition. 

Unsaturation  as  Shown  by  Iodine  Numbers 

Of  the  two  forms  of  unsaturation,  open  chain  and  the  ring, 
evidently  only  the  latter  applies  to  the  lubricant  hydrocarbons 
and  it  has  received  much  attention  with  respect  to  this  con- 
dition as  shown  by  the  iodine  numbers.  Iodine  reacts  in- 
discriminately on  the  D  and  H  hydrocarbons  without  showing 
any  consistent  relation  or  differences,  but  with  results  much 
like  those  observed  in  distillates.  Trial  of  the  Johansen 
method  that  appears  to  reveal  what  has  been  regarded  as 


addition  is  really  substitution,  not  only  disproved  addition, 
but  gave  negative  numbers  to  the  extent  of  two  to  four  units. 

FoEMALiTE  Reaction 

The  D  hydrocarbons  described  in  this  paper  do  not  enter 
into  this  reaction  as  applied  by  the  Marcusson  method  fre- 
quently quoted  in  works  on  lubrication,  and  the  H  hydro- 
carbons of  the  Texas  and  Russian  oils  give  variable  mixtures 
with  an  indefinite  composition.  The  Rosenbury  fraction 
3-H,  specific  gravity  0.8812,  gave  after  the  reaction,  0.8827; 
and  the  Russian  fraction  4-D,  specific  gravity  0.9262,  after 
the  reaction,  0.9291.  In  no  case  could  the  reaction  proceed 
unless  the  resulting  increase  in  temperature  was  unchecked. 
No  naphthene,  CnH2„,  lubricant  hydrocarbons  have  appeared, 
and  contrary  to  the  statement  of  Marcusson,  the  hydro- 
carbons from  American  petroleum  have  shown  a  superiority 
in  lubricant  quaUty  over  those  from  the  Russian  oil. 
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The  Value  of  Sweet  Potato  Flour  in  Bread-Making 


By  H.  C.  Gore 

Bureau  of  Chemistry,  Washington,   D.   C. 


IT  WAS  recently  shown^  that  two  widely  gro\vn  com- 
mercial varieties  of  sweet  potatoes,  Nancy  Hall  and 
Porto  Rico,  are  rich  in  diastase  and  that  they  retain 
their  diastatic  power  when  sliced,  dried,  and  ground  into 
flour.  The  diastatic  power  ranges  from  200  to  500  Lintner. 
That  in  the  southern  sweet  potato  we  have  a  source  of  dia- 
stase capable  of  competing  with  the  cereal  sources  of  this 
important  enzjTne  is  shown  from  a  study  of  the  economics 
of  sweet  potato  production. 

The  present  cost  of  growing  sweet  potatoes  on  southern 
farms  is  shown  by  HaskeU'  to  range  from  22  cents  per  bushel 
upward,  depending  on  the  yields,  the  higher  yields  (160 
bushels  per  acre)  being  produced  at  the  lower  unit  cost. 
Sweet  potatoes  are  a  sure  crop,  respond  well  to  fertilizers, 
and  their  cultivation  is  well  understood.  The  entire  crop 
or  any  portion  of  it  can  be  used  as  raw  material  for  the  pro- 
duction of  sweet  potato  flour.  In  a  normal  season  about 
40  per  cent  of  the  crop  overgrows — that  is,  the  roots  become 
so  large  (greater  than  3.5  inches  in  diameter)  that  they  are 
not  in  demand  for  table  use.  They  are,  however,  acceptable 
for  technical  uses. 

In  preparing  sweet  potato  flour  the  process  required  is 
very  simple.  It  is  not  necessary  to  peel  the  potatoes;  they 
should,  however,  be  washed  in  order  to  remove  adhering 
soil.  They  are  then  shced  and  dried.  In  drying,  an  up- 
draft  drier  has  been  found  to  give  satisfactory  results.  The 
temperature  employed  should  not  exceed  50°  C.  The  yield 
is  one-third  the  weight  of  the  potatoes  taken. 

Sweet  potato  flour  imparts  but  little  flavor  to  the  mash. 
It  does  not  liquefy  starch  so  rapidly  as  barley  malt.  It  has, 
however,   much  greater  saccharifying   power.     Its  uses  in 

'  Presented  before  the  Division  of  Agricultural  and  Food  Chemistry 
at  the  65th  Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn., 
April  2  to  7.  1923. 

'J.  Biol.  Chcm.,  U,  19  (1920). 

»  U.   S.   DePt.   Agr..  Bull.  648. 


PER  Batch 

Flour 

450 

Salt 

7 

Sugar 

16 

Yeast 

10 

Water 

Sufficient  to  prodi 

proper  consistency 

industry  remain  to  be  worked  out.  The  most  interesting 
development  which  has  occurred  thus  far  is  the  discoverj'  of 
the  fact  that  sweet  potato  flour  can  be  used  as  a  bread  im- 
prover.'' 

A  large  number  of  experiments  were  run  in  which  a  series 
of  mixtures  vnth.  varying  percentages  of  sweet  potato  flour 
with  hard  wheat  flour  was  tested.  The  different  percentages 
of  sweet  potato  flour  used  were  based  on  the  weight  of  flour 
taken.  The  baking  tests  were  made  by  the  straight  dough 
method,  with  the  following  formula: 


I  dough  of 


The  sweet  potato  flour  was  mixed  with  the  liquid  ingre- 
dients before  the  wheat  flour  was  added.  Before  panning, 
170  grams  of  dough  were  removed  for  expansion  tests,  the 
remainder  being  panned  for  baking. 

It  was  found  that  a  substantial  increase  in  volume  occurred 
when  sweet  potato  flour  was  used.  One  and  one-half  per 
cent  of  sweet  potato  flour  appeared  to  give  the  best  results. 
In  one  test,  wliich  may  be  considered  as  typical,  the  volume 
of  the  control  loaf  was  2250  cc,  whereas  that  of  the  loaf 
prepared  from  the  mixture  containing  1.5  per  cent  sweet 
potato  flour  was  2425  cc.  The  texture  of  the  bread  and  its 
color  and  flavor  remained  fully  up  to  the  standard.  These 
results  have  been  confirmed  by  independent  tests  made  in 
three  commercial  baking  laboratories.  There  is,  therefore, 
no  doubt  of  the  fact  that  sweet  potato  flour  does  give  a  sub- 
stantial increase  in  volume  when  used  as  a  bread  improver. 

*  The  baking  tests  herein  reported  were  made  by  L.  H.  Bailey,  of  the 
Bureau  of  Chemistry,  and  Miss  R.  Leone  Rutledge,  formerly  of  the  Bureau 
of  Chemistry. 
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Internal  Treatment  of  Boiler  Water— Proper  and  Improper' 


ROUGHLY,  boiler 
problems  involve 
scale  formation,  cor- 
rosion, and  foaming — all 
serious  and  worthy  of  inves- 
tigation and  treatment  for 
their  control  or  elimination. 
Scale  formation  seemingly 
has  attracted  the  most  at- 
tention, possibly  because 
its  manifestations  are  most 
easily  observed  and  its 
treatment  follows  more 
common  chemical  knowl- 
edge. 

Scale  Formation 


The  use  of  lime  and  soda 
ash  has  been  general  for 
years,  but  knowledge  of 
the  defects  of  the  process 
is  equally  general.  Both 
carbonate  of  lime  and  carbonate  of  magnesia  are  solu- 
ble after  even  the  best  adjusted  Hme  additions.  Further- 
more, in  practice  these  reactions  are  far  from  theoretically 
complete,  owing  to  the  presence  of  other  salts  naturally 
in  water.  Stein^  and  Sperry^  agree  that  ideal  conditions 
rarely  foUow  such  treatment  in  practice,  and  stress  the  im- 
portance of  certain  assisting  reactions. 

In  the  boiler,  however,  reactions  take  place  rapidly  and 
at  high  pressures  are  very  complete,  as  a  result  of  which 
there  is  almost  no  water  that  will  not  form  some  scale,  even 
after  the  best  outside  treatment,  as  most  incrustants  are  pretty 
nearly  insoluble  at  100  pounds  steam  pressure.  While  out- 
side treatment  is  clarifying  the  water,  it  is  also  removing 
certain  impurities  which  in  the  boiler  might  react  to  decrease 
the  very  definite  crystaUine  character  in  which  these  same 
incrustants  will  deposit  and  cement  on  the  heating  surfaces. 
Organic  and  vegetable  matter  will  not  react  in  the  cold — in 
fact,  it  will  hold  back  precipitation.  In  the  boiler  the  re- 
sults are  quite  different,  and  while  its  precipitating  value  is 
not  high,  it  changes  the  boiler  medium  sufficiently  to  prevent 
crystalline  separation  and  causes  the  deposition  of  the  scale- 
forming  salts  in  a  largely  amorphous  condition.  This  amor- 
phous precipitate  is  easily  influenced  by  boiler  currents,  so 
that,  instead  of  settling  immediately,  these  impurities  cir- 
culate under  such  conditions  as  to  make  possible  the  col- 
lection of  a  very  large  percentage,  if  not  all,  in  mud  drums  or 
similar  devices  designed  for  just  such  purposes.  From 
the  mud  drum  the  precipitation  can  be  removed  as  easily 
and  more  completely  than  in  the  case  of  previous  outside 
treatment.  While  this  means  complete  precipitation  in  the 
boOer,  it  eliminates  feed-line  stoppage,  pump  troubles,  etc., 
which  invariably  follow  an  incomplete  or  poorly  adjusted 
outside  treatment.  With  a  carefully  calculated  concentra- 
tion of  organic  materials  in  the  boiler,  crystalline  separation 
can  be  prevented,  and  wliile  the  sludge  may  be  objectionable, 
its  removal  is  much  easier  than  that  of  the  crystalline  depos- 
its. 

'  Received  July  31,  1923. 

'  J.  Am.  Water  Works  Assoc,  6,  202  (1919). 

'Ibid.,  6,  215  (1919). 


By  D.  K.  French 

Dearborn  Chemical  Co.,  Chicago,  Ili,. 

Up  to  the  present  time  all  discussiorts  of  the  treatment  of  water 
supplies  for  industrial  purposes  have  been  limited  to  reactions 
which  occur  at  atmospheric  pressures  and  at  temperatures  below  that 
of  boiling  water;  yet  no  such  discussion  can  be  complete  without 
consideration  of  what  is  l^nown  as  internal  treatment  applied  di- 
rectly in  the  boiler  for  the  correction  of  the  difficulties  encountered 
in  steam  production.  The  lacl^  of  discussion  of  this  phase  of  water 
treatment  has  been  caused  largely  by  the  confusion  in  the  minds  of 
those  interested  with  regard  to  properly  and  thoughtfully  applied 
treatment  with  proprietary  compounds  for  which  marvels  are  claimed. 

In  the  boiler  itself,  where  temperatures  and  pressures  are  much 
higher  than  those  under  which  the  ordinary  water-softening  processes 
operate,  reactions  occur  which  may  or  may  not  be  the  same  as  those 
occurring  outside  the  boiler.  These  reactions  have  been  given  care- 
ful study  by  the  author  of  this  paper,  and  the  observations  gleaned 
from  the  practical  application  of  this  method  of  treatment  are  set 
forth  in  the  accompanying  article.  In  addition  to  the  principles  on 
which  such  treatments  act.  the  author  discusses  at  some  length  the 
proprietary  compounds  which  have  done  so  much  to  discredit  this 
method  of  treatment. 


Furthermore,  economy 
in  precipitating  chemicals 
is  possible  if  the  balance 
between  them  and  the  con- 
trolling organic  matter  is 
properly  adjusted.  A  case 
in  mind  is  that  of  a  large 
municipal  plant  using  Mis- 
souri River  water.  The  in- 
crustants vary  from  12  to 
16  grains  per  gallon,  includ- 
ing 2.5  to  5  grains  of  cal- 
cium sulfate.  Treatment 
is  adjusted  so  that  the  dos- 
age per  1000  gallons  of  water 
contains  barely  25  per  cent 
of  the  necessary  reacting 
chemicals.  These  reagents 
are  combined  with  organic 
materials,  how'ever,  in  such 
a  way  as  to  result  in  the 
existence  at  all  times  of  a 
water  in  the  boilers  from  which  calcium  sulfate  is  completely 
absent,  in  which  the  carbonates  are  reduced  to  1.5  grains  or 
less,  and  which  contains  a  2  to  5-grain  excess  of  originally 
added  reactive  alkali.  Wlien  properly  diluted  in  the  feed 
water,  the  chemical  reactions  are  retarded,  wlule  boiler 
temperature  and  pressure  effect  most  of  the  precipitation, 
under  such  control,  however,  as  to  make  possible  the  con- 
tinuous and  complete  removal  of  the  sludge  long  before  it 
has  been  allowed  to  assume  a  crystalline  condition.  Organic 
matter,  properly  applied,  also  has  the  effect  of  slowly  chang- 
ing old  crystalline  deposits  to  a  less  compact  and  more  easily 
disintegrated  form  so  as  to  make  possible  its  slow  removal 
without  discontinuing  boiler  operation. 

Such  organic  reactions  as  occur  usually  produce  bulky  pre- 
cipitates relatively  light  for  their  bulk,  wliich,  while  contin- 
uing to  circulate,  seem  to  have  coagulating  and  clarifying 
properties.  In  tliis  way,  finely  divided  suspended  matter 
which  might  otherwise  be  found  later  in  scale  is  removed. 
Other  chemicals  exist,  not  of  an  organic  character,  which 
have  tills  same  effect  and  can  be  used  satisfactorily  when 
conditions  indicate  the  undesirabiUty  of  adding  organic 
matter  to  the  boiler.  SOicate  of  soda  is  such  a  material, 
and  it  is  frequently  sold  as  a  boiler  compound.  Used  alone, 
its  efficiency  is  very  low.  Furthermore,  its  action  is  very  Ut- 
tle  understood,  as  most  silicate  of  soda  compounds  are  claimed 
by  their  sellers  to  treat  the  metal  and  not  the  water. 

For  internal  treatment  there  exists  an  almost  unlimited 
variety  of  combinations  which  can  be  adjusted  either  to  react 
directly  or,  as  is  more  apt  to  be  the  case,  to  take  advantage 
of  what  the  boiler  is  doing.  By  thus  assisting  and  controlling 
precipitation  it  is  possible  with  a  small  amount  of  material 
to  bring  about  conditions  which  would  require  many  times 
that  quantity  ff  added  outside  for  visible  purification. 

Corrosion 

Corrosion  is  a  type  of  boiler  trouble  which  is  more  easily 
controlled  through  internal  treatment  than  is  scale  forma- 
tion. Outside  treatment  increases,  rather  than  decreases, 
the  natural  corrosive  tendency  of  a  water,  through  the  re- 
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moval  of  certain  protective  impurities.^  Frequently,  outside 
treatment  increases  noticeably  the  soda  salts,  which,  while 
not  corrosive  of  themselves,  will  soon  concentrate  sufficiently 
to  make  possible  distinct  electrolji;ic  corrosion.  Dissolved 
gas  is  also  an  active  cause  of  this  tj'pe  of  trouble.  While 
lime  can  remove  dissolved  carbon  dioxide,  none  of  the  known 
inorganic  treating  chemicals  seem  to  have  any  effect  on  dis- 
solved oxygen.  However,  the  alkalme  tannates,  property 
adjusted,  have  the  property  of  combining  with  these  gases, 
especially  oxj'gen.^  Organic  acid  compounds  added  to 
high  concentrations  of  alkali  first  cause  a  reduction  of  the  ex- 
cess alkali,  retarding  the  possible  tendency  toward  caustic 
embrittlement,  and  then  in  the  alkaline  combinations  act 
both  as  an  absorber  of  corrosive  gas  and  an  interfering  agent 
in  connection  with  probable  electroh-tic  corrosion. 

Where  organic  materials  cannot  be  applied,  the  chromates 
and  dichromates  are  frequently  used,  though  the  amount 
necessarj'  to  get  results  in  an  operating  boiler  is  usually  too 
high  for  economy. 

Corrosion  is  frequently  attributed  to  magnesium  sulfate, 
magnesium  chloride,  calcium  nitrate,  etc.,  and  as  a  rule 
w^hen  these  salts  exist  in  any  material  quantity  the  pH 
values  are  very  noticeably  below  7.0,  and  sometimes  below 
6.0,  without  any  free  acidity.  Properly  adjusted  chemicals 
introduced  into  the  boiler  are  much  more  effective  and  their 
neutralizing  value  is  higher  than  when  the  same  reactions 
are  carried  on  outside  at  normal  temperatures. 

The  effect  of  alkaUne  tannates  in  reducing  the  corrosive 
value  of  concentrated  soda  salts  can  be  demonstrated  by 
measurement  of  the  hydrogen-ion  concentration,  as  well  as  by 
chemical  examination.  The  composition  of  water  from  the 
boiler  after  varjing  periods  of  operation,  when  using  organic 
types  of  treatment,  cannot  be  even  appro.ximated  volumet- 
rically  as  the  organic  matter  present  interferes  wdth  ioniza- 
tion or  produces  less  active  addition  products  of  salts  which 
would  cause  trouble  largely  in  proportion  to  their  activity 
as  inorganic  impurities. 

Fo,4.MIXG 

A  third  type  of  trouble  is  foaming.  Again  internal  treat- 
ment properly  de^dsed  and  applied  has  produced  remarkable 
results,  whereas  outside  treatment,  aside  from  clarifying  a 
water,  has  invariably  stimulated,  if  not  actually  created, 
a  tendency  to  foam.  Foaming  has  been  variously  attributed 
to  sodium  and  potassium  compounds  in  concentrated  solu- 
tions, suspended  matter,  organic  impurities,  boiler  construc- 
tion, and  uneven  load  and  pressure.  The  latter  two  factors 
no  doubt  stimulate  the  trouble,  but  the  whole  problem  is 
one  of  surface  tension,  increased  as  the  dissolved  salts  in- 
crease in  concentration,  and  complicated  by  operating  con- 
ditions and  the  physical  character  of  the  water.  A  muddy 
water  may  steam  quietly,  and  a  clear  supply  may  foam  beyond 
control.  However,  anj-thing  wliich  will  lower  surface  ten- 
sion without  creating  complications  will  reduce  foaming. 
On  the  same  basis,  clarifjang  of  the  w-ater  is  also  a  help. 
Suspended  matter  pro\'ides  the  nuclei  for  steam  bubbles 
which,  if  not  able  to  break  easily  through  the  surface  film, 
will  raise  the  water  level  to  a  dangerous  degree.  Soluble 
inorganic  salts  and  some  organic  compounds  toughen  this 
surface  film,  and  the  most  serious  foaming  follows  a  com- 
bination of  the  two  conditions. 

Outside  treatment  offers  absolutely  nothing  to  control  this 
trouble.  On  the  other  hand,  any  outside  treatment  using 
soda  in  any  form  tends  to  stimulate  foaming  through  the 

*  Ciark  and  Gage,  "Studies  of  the  Relative  Corrosion  of  Metal  Pipes  by 
Waters  Especially  before  and  after  Purification,"  42nd  Annual  Report, 
Mass.  State  Board  of  Health,  1911. 

*  Cushman  and  Gardner,  "Corrosion  and  Preservation  of  Iron  and 
Steel,"   p.    100. 


increased  amount  of  soda  available  for  concentration.  More- 
over, the  acknowledged  incomplete  precipitation  of  the  car- 
bonates of  lime  and  magnesia  ultimately  furnishes  suspended 
matter  to  increase  steam  bubble  formation  in  even  the 
clearest  water. 

In  the  field  of  organic  internal  treatment  it  is  possible  to 
produce  and  use  compounds  that  will  not  only  destroy  the 
tenacity  of  the  surface  film,  but  supply  a  form  of  organic 
coagulant  wliich  will  readily  clarify  the  water  and  definitely 
retard  foaming. 

It  is  a  well-known  fact  that  castor  oil  alone  of  all  the 
animal  and  vegetable  oils  possesses  properties  which,  re- 
leased under  proper  conditions,  have  a  marked  effect  in  con- 
trolling this  trouble.  The  result  has  erroneously  led  to  the 
impression  that  the  use  of  oils,  mineral  as  well  as  saponifiable, 
would  stop  foaming.  This  is  not  the  case,  as  oil  of  any 
kind,  as  such,  will  invariably  increase,  rather  than  decrease, 
surface  tension.  Castor  oil  alone,  or  ■with  improperly  se- 
lected materials  added,  is  absolutely  without  value;  properly 
combined,  the  results  are  immediate  and  effective.  In  one 
particularly  recent  ease  of  an  enormous  plant  where  an 
antifoam  preparation  was  used  following  preliminary  treat- 
ment and  filtration  through  a  treating  plant,  it  was  estimated 
that  on  the  initial  introduction  of  this  material  at  a  time 
when  the  boilers  were  aU  consistently  foaming,  the  water 
level  in  the  boilers  fell,  on  an  average,  three  feet.  In  several 
cases  it  was  shown  that  there  was  so  httle  water  actually  in 
the  boilers  in  question  that  the  fires  had  to  be  drawn  to  avoid 
the  possible  danger  of  explosion  which  would  follow. 

In  this  connection  it  might  be  stated  that,  combining 
precipitation  outside  with  an  antifoam  treatment  inside, 
boilers  can  use  even  the  poorest  water  with  a  fair  degree  of 
satisfaction. 

Organic  acids,  free  or  in  combination,  also  have  a  dis- 
tinct effect  in  controlling  foaming,  and  there  are  many 
cases  where  they  are  more  effective  than  the  type  of  treat- 
ment already  discussed.  Sometimes  the  composition  of 
the  water  indicates  that  coagulation  alone  will  take  care  of 
the  foaming  tendency,  and  in  such  case  the  coagulant  must 
be  carefully  selected  to  avoid  hardening,  or  making  the 
original  supply  more  corrosive.  Frequently,  a  water  which 
shows  no  indication  whatever  will  foam,  and  then  operating 
conditions,  possibly  contaminated  returns,  or  boUer  con- 
struction must  be  investigated.  Uneven  load,  forced  boilers, 
and  careless  attention  can  be  followed  by  unexpected  diffi- 
culties along  this  line,  and  often  these  can  be  corrected  and 
the  boilers  operated  safely  without  the  otherwise  necessary 
treatment. 

Foaming  is  a  trouble  which  it  is  impossible  to  control 
permanently  in  some  cases,  owing  to  the  fact  that  inorganic 
concentration  is  faster  than  the  treatment.  Nevertheless, 
the  use  of  a  properly  adjusted  preparation  to  control  foaming 
win  almost  invariably,  even  with  indifferent  attention,  extend 
operating  periods  without  trouble  two  or  three  times  beyond 
what  might  previously  have  been  the  custom. 

Aside  from  indicating  what  has  been  done  and  what  can 
be  done,  the  discussion  of  interior  treatment  is  a  difficult  one. 
In  many  cases  results  are  being  obtained  for  which  the  real 
reason,  or  theorj',  is  still  uncertain,  and  one  of  the  greatest 
handicaps  is  the  difficulty  of  even  approximating  boiler 
conditions  for  research  in  a  laboratory.  Experimental 
work  at  atmospheric  pressure  is  misleading,  as  well  as  work 
on  one  available  supply  only. 

Interior  treatment,  properly  applied,  calls  for  an  enormous 
amount  of  data,  experience,  and  imagination.  Knowledge 
of  the  chemical  composition  of  the  supply  or  supplies  in  use 
represents  only  one  of  the  necessarj'  factors  to  be  considered, 
and  internal  treatment,  while  flexible  and  easy  of  application, 
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will  not  give  the  best  results  unless  based  upon  thorough 
knowledge  of  each  nidividual  case. 

Disregard  of  this  need  for  careful  study  of  each  case  has 
resulted  in  the  present  lack  of  consideration  of  this  whole 
field  by  the  scientists  who  might  otherwise  be  working  to- 
ward efficiency  in  the  industrial  world  of  power  production. 
Probably  more  plants  are  operating  with  the  assistance  of 
some  treatment  or  compound  than  with  all  the  other  types 
of  water  purification  combined.  Such  a  fact  should  stimu- 
late research  into  the  underlying  theories  involved.  Un- 
fortunately, it  has  not,  probably  because,  while  intelligent 
introduction  of  adjusted  treatment  can  produce  results  of  the 
highest  type,  this  field  is  infested  with  a  type  of  material 
which  borders  so  closely  upon  the  mysterious,  impossible, 
and  unscrupulous  as  to  place  it  in  the  same  category  as  the 
patent  medicine  in  its  particular  field. 

Boiler  Compound.s 

The  widespread  use  of  inadequate  or  unfit  boiler  com- 
pounds is  no  doubt  due  to  the  fact  that  the  salesmen  of  Ijoiler 
compounds  do  not,  as  a  rule,  come  in  contact  with  the  pur- 
chasing departments.  Rather  they  visit  the  tired,  dis- 
couraged, and  sometimes  not  over-educated  boiler  operator, 
who  would  give  a  great  deal  if  some  of  his  boiler-room  trou- 
bles could  be  overcome.  That  of  scale  formation  and  scale 
removal  is  one  which   bothers  him   the  most  frequently. 

The  many  varieties  of  compounds  which  are  offered  in 
this  way  vary  all  the  way  from  preparations  containing 
98.5  to  99  per  cent  of  water  to  others  carrying  96  to  98  per 
cent  of  insoluble  siliceous  material.  For  these  materials 
various  claims  have  been  put  forth,  playing  upon  the  hope 
as  well  as  the  credulity  of  the  engineer,  or  his  ignorance  of 
scientific  facts,  and  it  is  the  purpose  of  this  jiaper  to 
call  attention  to  the  tj'pes  of  unscrupulous  compounds  or 
some  of  the  methods  used  to  advertise  them. 

Metal  Tre.vtment  Type — At  the  present  time  probably 
one  of  the  most  common  types  of  preparations  is  that  of  the 
so-called  metal  treatment  which  we  will  call  "A." 

Tills  material  is  invariably  of  the  same  or  similar  compo- 
sition; in  other  words,  it  is  always  a  solution  of  silicate  of 
soda  in  water,  the  greatest  variety  of  dyes  and  chemicals 
being  used  to  color  and  disguise  the  individual  compound. 
All  colors  of  the  rainbow  are  used — even  fluorescein,  in  one 
case — to  give  a  two-colored  product. 

The  claims  all  read  about  the  same: 

Boiler  Metal  Treatment  "A"  does  not  treat  the  water. 

Its  action  is  mechanical,  not  chemical. 

When  introduced  into  the  boiler  it  immediately  enters  every 
pore  and  crevice  in  the  scale  and  literally  elbows  it  from  the 
metal  by  its  expansive  quality,  which  is  about  20  diameters. 

In  another  booklet  covering  Metal  Treatment  "B"  is  a 
story,  and  in  this  story  occurs  the  following  statement: 

That  soft  lime  and  sulfate  crust  that  I  used  to  be  fighting  all 
the  time  is  porous  and  has  little  heat  cracks  in  it.  I  put  this  stuff 
in.  The  stuff  warms  up  and  heads  straight  for  the  hot  iron  in  the 
tubes  and  shell.  It  seems  to  work  right  through  the  pores  of  the 
scale  and  when  it  gets  ne.\t  to  the  hot  metal  the  stuff  begins  to 
swell  like  a  "poisoned  pup"  and  pries  the  scale  off. 

With  regard  to  Metal  Treatment  "C:" 

Remember  this  metal  treatment  does  not  treat  the  water; 
it  has  to  insinuate  itself  through  the  cracks  in  the  scale  all  over 
the  boiler  surface. 

To  a  chemist  this  is  a  pretty  clear  fake.  Silicate  of  soda 
is  applied  as  a  solution  of  a  soluble  alkali  salt  in  water,  and 
when  added  to  any  water  the  solution  becomes  more  dilute, 
rather  than  acting  as  a  gum-shoe  artist.  In  the  breaking 
down  of  the  sodium  silicate,  the  alkali  (NajO)  acts  like  a 
reduced  quantity  of  caustic  soda  with  the  coagulating  prop- 
erties of  the  free  silicic  acid  added. 


Silicate  of  soda  in  its  proper  place  in  water  treatment  has 
a  very  definite  advantage,  but  to  dodge  the  necessity  of  water 
examination  and  chemical  adjustment  by  ignoring  the 
boiler  water,  and  to  argue  as  in  the  three  quotations  above  is 
to  take  the  first  step  away  from  the  legitimate  use  of  this 
chemical  and  place  it  in  the  class  of  fakes. 

This  type  of  compound  was  brought  to  the  attention  of 
the  Government  several  years  ago,  when  it  was  operating  the 
railroads,  and  a  test  was  made,  covering  a  period  of  several 
months,  to  determine  to  what  extent  the  claims  as  to  mechani- 
cal action,  scale  prevention,  corrosion  prevention,  etc.,  were 
borne  out  in  practice.  A  portion  of  a  sentence  from  the 
Government's  conclusion,  in  a  bulletin  issued  by  the  U.  S. 
Railroad  Administration,  August  29,  1919,  is  quoted: 

In  view  of  the  facts  that  notie  of  the  claims  advanced  in  favor 
of  this  preparation  have  been  substantiated,  and  that  the  re- 
sults obtained  from  the  test  were  negative,  in  so  far  as  any 
beneficial  results  were  concerned,  it  is  recommended  that  the 
use  of  this  product  *  *  *  be  prohibited. 

Insoluble  Type — Leaving  the  metal  treatment,  possibly 
the  next  most  interesting  type  to  consider  would  be  the 
■'DD"  compound.  This  preparation  appears  in  several 
forms,  with  arguments  especiallj^  interesting  and  amusing. 
This  type  of  preparation  is  almost  entirely  insoluble  in 
water.     As  one  bulletin  says: 

It  is  a  nonvolatile  and  neutral  combination  of  insoluble  earthy 
salts. 

Another  Iiulletin  says: 

The  material  is  a  combination  of  nonsoluble  powders  which  are 
also  nonvolatile. 

One  eminent  chemist  says: 

It  is  a  dry  powder  and  therefore  you  are  selling  100  percent 
material. 

Analysis  shows  this  type  of  material  to  be  either  tricalcium 
phosphate,  talc,  aliuninium  phosphate,  or  some  similar 
insoluble  compound. 

As  to  its  action,  the  theory  in  one  bulletin  is  most  amusing : 

Now  the  theory  is  this :  In  the  case  when  scaling  water  is  used 
and  when  "DD"  is  not  used,  the  instant  that  water  is  trans- 
formed into  steam  the  various  salts  held  in  solution  are  trans- 
formed into  gases,  and  after  flying  apart  seek  to  readjust  them- 
selves in  combination,  and  look  for  an  affinity  or  some  other  salt 
to  amalgamate  with.  In  so  doing  certain  salts,  part  of  which 
become  gas,  seek  an  oxide  of  iron  and  oxide  of  alumina  salt  or 
gas.  Not  finding  this  in  the  water  and  finding  it  in  the  steel  and 
iron  of  the  boiler  sheets  and  tubes,  it  fastens  to  the  sheets  and 
tubes  and  pulls  therefrom  such  oxide  of  iron  and  oxide  of  alumina 
that  it  craves,  forming  what  is  commonly  known  as  scale,  and 
leaving  holes  commoijy  called  pitting.  "DD"  material  furnishes 
to  the  water  these  required  salts  and  the  detrimental  salts  or 
gases  amalgamate  with,  or  eat  them  instead  ot  the  tubes  and 
sheets.     In  other  words,  "DD"  material  is  a  "food." 

In  another  article  advertising  the  material  recommended 
by  the  eminent  eastern  chemist,  comparing  compound 
with  "DD,"  there  appears  something  as  follows: 

"Compounds"  depend  largely  upon  tannates,  caustic  (or  sal) 
soda,  and  other  like  ingredients  to  do  the  work.  These  various 
acid  ingredients  work  behind  the  scale,  often  attacking  the 
metal  *  *  *.  The  action  is  too  severe,  for  the  scale  breaks  up  in 
large,  flint-like  chunks. 

Regarding  the  use  of  the  material  the  following  is  quoted: 

This  powder  is  put  into  the  boiler  and  is  carried  in  rapid 
circulation  to  every  part  of  it,  bringing  the  scale  down  in  soft 
particles.  It  catches  up  the  oil,  so  that  when  the  boiler  is  blown 
most  of  the  impurities  are  blown  out  in  the  form  ot  a  soft  sludge. 
It  is  possible  with  the  naked  eye  to  distinguish  the  various 
elements  forming  this  sludge. 

The  truth  of  the  matter  is  that  nothing  whatever  can  be 
expected  of  a  chemical  nature  from  this  material.  Where 
it  has  given  results — and  it  does  give  results  in  isolated 
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cases — it  has  probably  been  because  the  insoluble  inert 
material,  by  mixing  with  the  scale-forming  salts  which  are 
constantly  crystallizing  in  the  boiler,  may  prevent  the  compact 
formation  of  an  all-crystaUine  scale,  thereby  rendering  its 
removal  with  a  turbine  somewhat  less  difficult.  However, 
it  is  a  thorouglily  good  insulating  ingredient,  and  it  can  do  no 
more  than  increase  the  bulk  of  the  scale  in  which  it  is  in- 
corporated, and,  unless  the  scale  does  come  off  for  some 
reason  or  other,  it  must  of  necessity  increase  its  insulating 
properties. 

With  this  particular  type  of  compound  must  be  classed 
graphite.  This  material  is  what  its  name  indicates,  nothing 
more  than  commercial  graphite.  Very  frequently  some 
additional  geographical  term  precedes  graphite,  evidently 
to  increase  the  value  of  the  material.  The  same  claims  are 
made  for  graphite  as  are  made  for  all  boiler  compounds, 
and  frequently  following  its  use  conditions  develop  which 
seem  to  indicate  some  possible  efficiency.  However,  in  an 
article  on  boiler  compounds  appearing  in  the  Journal  of  the 
American  Society  of  Naval  Engineers  in  1911,  this  material 
is  classed  under  a  special  heading  of  "Dangerous  Compounds," 
owing  to  its  distinct  corrosive  action  on  the  metal.  Iron  is 
very  definitely  electropositive  to  graphite.  This  results  in 
the  solution  of  the  iron  without  any  action  on  the  graphite, 
and  it  is  possible  that  this  corrosive  action  is  responsible 
for  the  scale  removal  which  frequently  follows  the  introduction 
of  this  material.    As  the  article  just  referred  to  says: 

Graphite  is  a  scale  remover  for  the  same  reason  that  hydro- 
chloric acid  is.  That  is,  it  corrodes  the  metal  underneath  the 
scale  and  frees  the  scale  from  the  metallic  surfaces. 

Obviously,  being  insoluble  in  water,  it  can  have  no  other 
eifect  than  a  possible  mechanical  action  in  keeping  apart 
or  interfering  with  the  crystallization  of  other  deposited 
impurities  into  a  compact  scale.  It  wiU,  however,  add  itself 
to  the  bulk  of  scale  formed,  retaining  at  all  times  its  electro- 
negative effect  to  the  iron  as  long  as  the  boiler  is  in  operation. 

Possibly,  the  next  type  of  material  would  be  the  so-called 
"X"  liquid  treatment.  This  is  a  sort  of  homeopathic  remedy 
and  contains  more  water  than  anything  else.  It  is  named 
usually  with  interesting  foreign  scientific  names,  and  its 
introduction  is  frequently  preceded  by  a  newspaper  article 
(advertisement).  For  instance,  in  a  New  York  paper  some 
years  ago  appeared  a  special  dispatch  from  Vera  Cruz  re- 
garding a  remarkable  discovery  by  a  young  Spaniard  after 
much  study  and  experimenting,  ending  with  the  statement 
that  the  discovery  is  patented  in  "seventeen  different  coun- 
tries." The  analysis  of  a  sample  of  this  material  reaching 
this  laboratory  showed  98.5  per  cent  of  water.  The  solution 
was  slightly  acid  and  a  faint  test  for  tannin  was  detected. 
There  seemed  to  be'some  gelatinous  material  present  and  lit- 
tle or  nothing  of  any  value  could  be  detected. 

Another  preparation  was  heralded  by  a  booklet  explaining 
the  remarkable  properties  of  a  colloidal  jelly  which  was  em- 
bodied in  this  solution.  The  analysis  showed  88. 5  per  cent 
of  water,  6  per  cent  of  soda  ash,  and  6  per  cent  of  a  gelatinous 
material  like  agar.  On  standing  m  the  laboratory  the  ma- 
terial soured  rapidly  and  fermented. 

Newspaper  articles  almost  invariably  credit  the  dis- 
covery of  this  material  and  sunilar  preparations  to  some 
point  in  Mexico  or  Central  America. 

It  stands  to  reason  that,  used  in  small  quantities  in  the 
boiler,  no  possible  improvement  could  be  expected.  Further- 
more, the  expense  would  not  permit  a  larger  dosage,  as  the 
material  just  referred  to  is  quoted  at  about  $1.25  a  gallon. 
Granting  some  colloidal  action  from  the  6  per  cent,  or  less, 
of  organic  material,  this  would  only  apply  to  an  infinitesimal 
portion  of  the  scale-forming  impurities  carried  into  the 
average  boiler. 


Before  leaving  this  "X"  type,  the  writer  recalls  a  prepara- 
tion of  several  years  ago.  The  advertising  matter  pertain- 
ing contained  the  picture  of  a  very  exuberant  goat,  and  the 
preparation,  upon  analysis,  turned  out  to  be  a  diluted, 
blue-black,  iron-tannin  ink,  there  being  about  0.75  per  cent 
of  tannate  of  iron  with  a  little  chrome  alum  and  over  98 
per  cent  of  water. 

These  two  types  of  compound,  all  insoluble  and  mostly 
all  water,  represent  the  extreme  cases  of  fraudulent  com- 
pounds. The  materials  present  could  have  no  value  under 
the  very  best  of  conditions,  and  their  cost  has  no  relation- 
ship whatever  to  their  value.  There  is  a  large  intermediate 
class,  as  well,  some  of  which,  under  certain  conditions  and 
if  inteUigently  used,  might  give  results,  but  in  most  cases, 
where  used  hit  or  miss,  the  same  material  in  the  same  quantity 
with  all  waters,  the  results  cannot  help  but  be  discouraging 
and  tend  to  upset  any  faith  in  the  intelligent  internal  use  of 
chemicals  for  boiler  treatment. 

Results  of  Laboratory  Analysis — This  laboratory, 
since  the  first  of  the  year,  has  analyzed  eighty-six  entirely 
different  boiler  compounds  which  represent  the  average  of 
what  is  now  being  marketed.  Twenty-two  represent  the 
metal  treatment  type  and  three  the  insoluble  type.  In 
the  all-water  group  are  included  such  compounds  as  con- 
tained 75  per  cent  or  more  of  water,  and  of  this  particu- 
lar type  fourteen  samples  were  received.  These  fourteen 
samples  might  be  classified  as  foUows:  those  containing  soda 
ash  as  the  other  ingredient  totaled  seven,  from  10  to  13  per 
cent  soda  ash  being  present,  the  balance  being  usually  col- 
oring matter,  as  a  rule  organic  extract,  although  amorphous 
carbon  was  used  in  one  case;  those  containing  organic  matter 
only,  usually  a  very  dilute  tannin  extract,  totaled  five; 
a  suspension  of  graphite  in  water,  containing  nearly  25  per 
cent  of  graphite  and  75  per  cent  of  water;  and  one  con- 
taining 4  per  cent  of  organic  matter  and  5  per  cent  of  tri- 
sodium  phosphate.  These  preparations  are  manifestly 
worthless  and  yet  in  no  case  were  they  marketed  for  less  than 
15  cents  per  pound. 

The  other  exi/reme  is  the  preparation  containing  mostly 
soda  ash.  Soda  ash,  being  cheap  and  reacting  quickly  with 
sulfate  of  lime,  has  always  been  a  favorite  with  the  compound 
quack.  It  can  be  bought  with  or  without  water  of  crystal- 
lization, and  costs  very  nearly  the  same  in  either  condition. 
Of  the  samples  analyzed,  nine  of  the  eighty-six  were  of  this 
character,  containing  80  per  cent  or  more  of  soda  ash,  the 
difference  being  coloring  material,  sometimes  with  a  Uttle  caus- 
tic soda,  and  the  ordinary  impurities  of  a  commercial  product. 

These  preparations  are  all  guaranteed  to  prevent  scale  and 
eliminate  corrosion  under  all  conditions.  In  one  case  a 
company  handling  an  almost  pure  soda  ash,  save  for  a  slight 
color,  advertised  that  this  compound  was  a  by-product  of 
a  very  intricate  method  of  organic  manufacture,  and  later 
advertising  matter  states  they  have  been  compelled  to 
greatly  enlarge  their  plant  to  cover  several  additional  acres, 
owing  to  the  demand  for  this  remarkable  product. 

In  addition  to  the  straight  soda  ash  is  the  preparation 
which  masquerades  as  soda  ash  but  which  is  not.  In  other 
words,  the  washing  soda  preparation  containing  45  to  52 
per  cent  of  water  of  crystaUization,  the  balance  being  car- 
bonate of  soda  with  natural  manufacturing  impurities. 
Here  for  the  same  price  one  gets  but  half  such  efficiency  as 
might  be  had  from  soda  ash.  Trisodium  phosphate,  com- 
monly used  many  years  ago,  does  not  seem  to  be  so  generally 
marketed  as  it  was,  although  two  samples  of  this  material 
were  analyzed.  ^^Ifile  this  is  an  efficient  chemical  if  properly 
used,  its  50  per  cent  water  of  crystallization  must  not  be  over- 
looked, nor  the  fact  that  its  reactive  value  is  less  than  that 
of  soda  ash. 
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Next  worthy  of  consideration  comes  the  compound  suj> 
plied  in  brick  form.  In  this  form  the  intention 'is  evidently 
to  give  the  impression  of  solidity.  In  this  case  advantage 
is  taken  of  the  fact  that  carbonate  of  soda  can  exist  in  a  dry 
(?)  form,  both  with  water  of  crystallization  and  without. 
Consequently,  by  bringing  together  soda  ash  and  taimin 
extract  and  allowing  a  portion  of  the  materials  to  become 
pretty  well  mixed,  the  resultant  compound  can  be  left  alone 
with  perfect  confidence  that,  when  cold,  its  physical  condi- 
tion will  be  that  of  a  hard,  brown-colored  brick,  in  which  the 
original  soda  ash  exists  partly  as  such  and  partly  as  the 
carbonate  of  soda  containing  more  water  of  crystallization. 

A  great  many  samples  of  this  sort  of  material  come  into 
the  laboratory.  Since  the  first  of  the  year  out  of  fourteen 
samples  received,  all  but  one  contained  soda  ash  as  the  react- 
ing chemical  and  tannin  extract.  The  soda  ash  content  ran 
all  the  way  from  34. .5  to  75  per  cent,  the  water  content  vary- 
ing from  35  per  cent  down  to  about  14  per  cent.  The  balance 
was  usually  organic  matter,  although  some  of  the  bricks 
contained  graphite.  In  addition,  one  contained  17  per  cent 
of  sulfate  of  soda;  one,  30  per  cent  of  sulfate  of  soda;  one,  4 
per  cent  of  metallic  mercury;  two,  less  than  10  per  cent  of 
sodium  phosphate;  one,  castor  oil;  and  one  contained  silicate 
of  soda,  trisodium  phosphate,  and  caustic  soda  in  addition 
to  the  soda  ash  and  organic  matter. 

One  of  the  most  typical,  which  we  will  call  "OU,"  was 
described  in  a  booklet  containing  some  of  the  most  remarka- 
ble arguments  ever  advanced  in  handling  a  boiler  compound. 
Quotations  from  this  booklet  are  illuminating : 

The  secret  process  by  which  "OU"  compound  is  made  lies  with 
the  inventor,  and  that  secret  will  not  be  detected  by  any  chemist 
or  school  chemistry. 

Chemists  are  like  all  other  human  beings.  They  know  a  great 
deal,  but  they  do  not  know  everything.  They  know  what  they 
have  been  taught  in  school,  but  the  teachers  of  the  school  in  which 
they  received  their  educations  learned  everything  they  knew 
from  their  predecessors  and  from  experiments  with  what  had 
already  been  invented. 

When  different  kinds  of  chemicals,  which  are  required  to 
neutralize  minerals  in  water,  are  mixed  together,  they  will 
neutralize  each  other  and  therefore  become  ineffective  and  will  not 
neutralize  the  minerals  which  are  contained  in  water,  and  for  that 
reason  those  who  have  attempted  to  make  a  boiler  compound 
from  the  knowledge  they  received  in  chemical  schools  have  made 
a  failure,  and  for  that  reason  also,  we  were  compelled,  in  order  to 
make  good  boiler  compounds,  to  invent  and  create  chemicals 
or  certain  kinds  of  material  which  are  not  known  to  chemistry. 

One  of  the  most  popular  liquid  preparations  contains 
from  17  to  19  per  cent  of  caustic  soda  in  water  colored 
brown.  Tliis  is  sold  in  huge  drums,  and  even  tank  cars,  at 
a  price  all  out  of  proportion  to  its  caustic  content.  Its  popu- 
larity is  largely  due  to  a  personal  financial  rebate  made 
the  purchaser. 

Paste  preparations  appear  on  the  market  containing 
sometimes  85  per  cent  of  water  with  enough  starch  to  thor- 
oughly gelatinize  the  mixture  and  make  it  seem  very  hard, 
heavj',  and  honest. 

Ordinary  common  salt  is  a  frequent  adulterant.  Two 
samples  analyzed  showed  41  and  45  per  cent  of  common  table 
salt.  Powdered  mixtures  sometimes  contain,  in  addition 
to  soda  ash  and  other  chemicals  already  referred  to,  sodium 
sulfate.     Probably   this   is   to   keep   the    preparation    dry. 

In  connection  with  aU  these  preparations,  it  must  be  re- 
membered that  each  one  is  a  specific  recommended  for 
virtually  all  sorts  and  conditions  of  water. 

Other  "Treatment.?" — One  or  two  other  methods  of 
treatment,  fortunatelj'  not  now  in  general  use,  must  not  be 
overlooked.  Several  years  ago,  through  Germany  and  Great 
Britain  came  an  equipment  known  as  "Luminator."  Chemi- 
cal Abstracts  at  that  time  summarized  the  theory  and  opera- 
tion as  follows : 


Water  allowed  to  run  down  a  bright  corrugated  Al  plate 
induces  an  electric  current,  which  causes  ionization  of  the  scale- 
forming  salts  so  that  they  become  amorphous.  The  apparatus 
must  be  exposed  to  light  and  air  and  preferably  to  a  north  or 
south  light  for  best  results.  Water  treated  by  this  process 
should  be  used  within  seven  days. 

Strange  to  say,  this  equipment  was  actually  sold  and  in- 
stalled in  a  great  many  American  plants,  one  large  eastern 
railroad  putting  up  a  unit  15  to  20  feet  in  height.  Needless 
to  say,  the  flow  of  the  water  down  the  corrugated  plate  in 
the  bright  sunlight  was  never  followed  by  anything  more 
than  profanity. 

Another  type  along  the  same  line  is  entirely  mechanical. 
It  is: 

Done  without  the  introduction  of  chemicals  within  the  water 
or  boiler.  *  *  *  It  is  a  machine  of  an  extremely  sensitive  alloy  of 
pure  metals.  This  machine  is  attached  to  the  feed  water  line  of  a 
boiler,  or  battery  of  boilers,  and  all  of  the  water  must  pass  through 
the  machine  before  entering  the  boiler.  The  action  of  the  machine 
causes  a  liberation  of  fine  particles  of  the  metal  to  enter  the  water 
through  the  abrasion  of  its  parts.  These  fine  particles  at  once 
attack  the  scale  forming  minerals  and  salts,  thereby  preventing 
them  from  cementing  themselves  together  or  to  tlie  iron  of  the  boiler. 

The  principle  involved  is  very  simple  and  is  readily  understood. 
*  *  *  The  iron  of  a  boiler  is  a  metal,  made  up  for  durability. 
"Our  machine"  is  a  very  pure,  soft  metal.  *  *  *  It  has  a  greater 
affinity  for  the  scale-forming  elements,  which  will  naturally 
attach  themselves  to  the  pure  and  more  sensitive  metal  rather 
than  to  the  iron  of  the  boiler. 

No  analysis  is  required,  as  "our  machine"  treats  all  waters. 

The  equipment  consisted  of  a  metal  chamber  containing  a 
number  of  wliite  metal  balls,  seven  or  more,  around  which 
the  water  flowed.  Chemical  analysis  indicated  the  balls  to  be 
nothing  more  than  Babbitt  metal,  practically  all  of  the  same 
general  composition.  Needless  to  say,  these  arguments  are  not 
borne  out.  The  water  does  not  do  what  the  claims  indicate, 
and  mental  depression  only  follows  the  use  of  this  material. 

The  Truth  about  Boii/br  Compounds 

A  con.sistent  and  earnest  reading  of  the  patents  on  com- 
pounds registered  at  the  various  patent  offices  is  amusing. 
There  is  no  specific  that  can  handle  all  conditions.  It  is 
only  the  ignorant  demand  for  the  millennium  that  makes 
possible  the  life  of  such  preparations.  A  moment's  thought 
should  be  enough  to  convince  one  of  the  impossibility  of 
getting  something  for  almost  nothing,  although  very  fre- 
quently a  great  deal  is  paid  for  trouble. 

The  fact  should  never  be  overlooked  that  these  various 
chemicals,  when  used,  all  do  something  when  brought  in  con- 
tact with  the  salts  naturally  present  in  the  water.  In  cer- 
tain cases  some  of  these  combinations  unquestionably  would 
represent  the  proper  material  for  use.  Many  of  them,  used 
with  inteUigence,  would  produce  satisfaction.  In  no  case, 
however,  is  there  showm  any  effort  on  the  part  of  the  man- 
ufacturer to  adjust  chemical  treatment  to  any  individual 
water,  and  the  advertising  matter  and  arguments  show  such 
ignorance  of  chemical  facts  as  to  suggest  the  impossibility 
of  the  average  compound  manufacturer  even  knowing  what 
he  is  doing.  The  firms  which  are  treating  water  thought- 
fully by  this  method  do  not  give  their  materials  fancy  names, 
nor  call  them  compounds  or  specifics.  They  refer  to  them  as 
"treatment,"  and  recommend  a  treatment  with  discretion. 
The  success  and  magnitude  of  the  results  obtained  through 
internal  treatment  indicate  the  efficiency  of  a  properly 
reconmnended  and  manufactured  chemical  treatment  used 
inside  the  steam  boOer. 

The  United  States  Government  in  its  Water  Supply  Papers 
has  been  in  the  habit  of  indicating  this  fact,  but  always  with 
the  qualification  that  only  when  intelligently  recommended 
and  compounded  should  confidence  be  placed  in  the  boiler 
compound. 
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The  Properties  of  Activated  Carbon  Which  Determine  lis 

Industrial  Applications 

By  N.  K.  Chaney,  Arthur  B.  Ray,  and  Ancel  St.  John 

Union  Carbide   &   Carbon   Research   Laboratokies,  Inc..  Long  Island  ClTr,  N.  Y. 


-PEINCIPLES  OF 
ACTIVATION 


The  general  theory  of  car- 
bon activation  set  forth  in 
the  1919  paper  may  be  sum- 
marized as  follows: 


1 — In  addition  to  the  recog- 
nized forms  of  graphite  and 
diamond,  two  forms  of  carbon 
possessing  distinctive  physi- 
cal properties  are  postulated: 
(1)  to  explain  the  obser\'a- 
tion  that  free  carbon  liber- 
ated from  its  compounds  be- 
low a  certain  critical  temper- 
ature range  (in  which  de- 
composition occurs)  was  either  active  or  capable  of  yielding  ac- 
tive carbon,  while  free  carbon  liberated  at  higher  temperatiu'es 
(approximately  600°  to  700°  C.)  was  both  inactive  and  incapable 
of  activation  by  any  known  means;  (2)  to  account  for  the  unique 
differences  in  chemical  reactivity  and  adsorptive  power  of  the 
high  and  low  temperatiu-e  forms  of  carbon  after  treatment  by 
activating  processes. 

2 — The  formation  in  all  primary  carbons,  such  as  low  tempera- 
ture chars  and  cokes,  of  a  peculiarly  stable  adsorption  complex 
between  the  active  carbon  and  the  residual  hydrocarbons  was 
postulated  for  the  following  reasons:  (1)  this  would  logically 
result  from  the  unique  adsorptive  power  predicated  of  active 
carbon;  (2)  it  accounted  for  the  saturated  and  relatively  non- 
adsorptive  properties  of  ordinary  chars;  (3)  it  accounted  for  the 
fact  that  carbon  deposited  at  low  temperatures  from  carbon 
monoxide  and  other  nonhydrocarbon  compounds  was  highly 
active  and  required  no  activation;  (4)  the  persistence  of  residual 
hydrocarbons  in  chars  heated  far  above  the  normal  decomposi- 
tion temperature  of  the  hydrocarbons  was  explained  as  a  result 
of  the  protective  mechanism  of  such  adsorption;  (5)  finally,  it 
was  in  harmony  with  all  known  facts  and  processes  of  activation, 
and  directly  suggested  the  most  effective  principle  of  all — namely, 
that  of  selective  chemical  attack  upon  the  adsorption  complex 
by  means  of  controlled  oxidation. 

Thus,  the  features  which  distinguished  the  original  dis- 
closures of  the  Chanej^  processes  of  carbon  activation  were 
(1)  a  clear-cut  differentiation  for  the  first  time  between  the 
inherently  activatable  and  the  inactivatable  forms  of  carbon, 
and  recognition  of  the  fact  that  the  controlling  factor  in  de- 
termining whether  carbon  would  assume  the  activatable  or 
the  inactivatable  form  was  the  temperature  at  which  the 
elementarj'  carbon  was  liberated  from  its  compounds;  (2) 
the  concept  of  the  activatable  forms  of  carbon  (so-caDed 
"primary"  carbon)  as  consisting  of  a  uniquely  stable  complex 
of  active  carbon  and  adsorbed  hydrocarbons,  and  the  acti- 
vation process  as  consisting  of  the  separation  of  these  ad- 
sorbed hydrocarbons  from  the  active  carbon  bj'  means  of  a 
selective  chemical  reaction  carried  to  a  definite  quantitative 
conclusion. 

Because  of  their  deficiency  at  precisely  these  points,  the 
vague  disclosures  of  the  prior  art  proved  of  no  practical 
value  to  the  allied  chemists.  None  adequately  defined  the 
conditions  essential  to  the  production  of  the  activatable 
forms  of  carbon  in  quantity  under  commercial  conditions, 
nor  taught  that  the  activating  en\-ironment  should  be  em- 
ployed in  a  well-defined  manner  to  achieve  a  specific  chemical 

'  Presented   before   the    15th   Semiannual    Meeting   of   the 
Institute  of  Chemical  Engineers,  Wilmington,  Del.,  June  20  to  23 
*  Numbers  in  text  refer  to  bibliography  at  end  of  article. 


In  1919  the  senior  author  pubh'sheJ^'*  a  preliminary  account 
of  investigations,  eventuating  in  the  processes  for  malting  gas- 
rnasl^  carbon,  which  were  adopted  and  exclusively  employed  by 
the  U.  S.  Chemical  Warfare  Service  during  the  war.  This  paper 
summarized  the  conceptions  as  to  the  nature  of  active  carbon  and 
the  theories  of  activation  which  had  proved  successful  as  a  worthing 
hypothesis  in  directing  this  worl^.  Since  then  the  investigation  of 
both  the  technical  and  theoretical  phases  of  carbon  activation  has 
been  continued  in  this  laboratory,  and  the  scope  of  the  wor\  broad- 
ened to  cover  the  general  problem  of  the  physical  nature  and  inter- 
relationships of  the  various  forms  of  carbon.  New  lines  of 
attacl^  have  been  employed,  including  the  development  of  special 
methods  and  technic  for  utilizing  X-ray  crystallographic  analysis. 


reaction.  Chemists  of  the 
French  Anny  Service  ac- 
tually experimented  with 
a  process  employing  "high 
temperature  steam"  said  to 
have  been  used  in  Russia, 
and  definitely  rejected  it  as 
gi-ving  an  unsatisfactory 
product. 

To  illustrate  further  the 
^^taI  and  complementary 
character  of  these  principles 
in  the  development  of  suc- 
cessful methods  for  the 
large-scale  production  of 
higlily  active  carbon,  the  following  is  cited: 

Early  in  1918  the  U.  S.  A.  Chemical  Warfare  Ser\ice  was 
under  hea\y  pressure  to  find  a  substitute  for  the  inadequate 
supply  of  coconut  and  similar  shell  carbon.  It  was  al- 
ready emplojing  the  Chaney  processes  of  selective  oxidation, 
by  both  air  and  steam  methods  as  appUed  to  properly  pre- 
pared coconut  and  wood  charcoals.  Acting  upon  informa- 
tion from  the  National  Carbon  Company's  laboratories  that 
anthracite  was  capable  of  activation,  their  engineers  secured 
a  retort  from  a  gas  company  in  Springfield,  Mass.,  filled  it 
half  fuU  of  S  to  10-mesh  anthracite  coal  of  a  selected  grade, 
introduced  a  steam  pipe  at  the  bottom  of  the  retort,  raised 
the  temperature  to  900°  C,  and  tried  to  activate  the  anthra- 
cite. The  outcome  was  a  complete  failure.  Samples  of  the 
anthracite  from  the  retort  when  later  returned  to  the  labora- 
tory were  found  to  be  not  only  inactive,  but  absolutely  in- 
capable of  activation  even  under  ideal  laboratory  conditions; 
whereas  the  original  raw  anthracite  was  readily  activated 
under  precisely  the  same  conditions.  In  the  light  of  these 
two  postulates  the  explanation  was  ob^•ious  enough.  The 
heating  of  the  retort  had  been  carried  on  in  such  a  manner 
that  large  sections  of  the  anthracite  had  reached  a  high  tem- 
perature while  other  portions  were  still  undergoing  active 
distillation  at  lower  temperatures.  The  hj-drocarbon  vapors 
distilling  from  the  low  temperature  sections  had  then 
passed  through  and  been  "cracked"  upon  the  more  liighly 
heated  anthracite  particles  at  temperatures  above  the  critical 
decomposition  temjierature  range,  and  had  been  deposited  in 
the  pores  of  the  anthracite  as  inactive  carbon.  As  this  de- 
posit of  inactive  carbon  was  highly  resistant  to  oxidation, 
the  appUcation  of  selective  oxidation  processes  to  the  gas- 
treated  anthracite  merely  burned  away  the  active  carbon 
(together  ^rith  the  hydrocarbons)  and  left  the  inactive  form 
and  the  ash  as  the  end  product.  Equipped  with  this 
information  the  engineer  then  employed  an  inclined  retort, 
and  by  properly  controlling  the  heating,  the  steam  con- 
centrations, and  the  circulation  of  hydrocarbon  vapors, 
worked  out  a  routine  method  which  permitted  the  manu- 
facture of  a  moderately  good  gas-mask  carbon  from  anthracite 
in  ton  lots.  By  using  tliis  carbon  (Batchite)  mixed  with 
the  better  grade  shell  carbon  in  ratios  of  about  1  part  in  3, 
a  serious  shortage  of  gas-mask  carbon  was  averted. 

This  example  is  cited  because  it  so  clearlj-  illustrates  the 
inadequacy  of  certain  earlier  statements  as  to  the  heating  of 
carbon  at  high  temperatures  in  the  presence  of  steam,  and 
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shows  why  such  references  led  to  no  fruitful  results.  In  ad- 
dition, however,  to  the  practical  coordination  of  the  several 
principles  underlymg  these  two  postulates  as  to  the  general 
nature  of  activation,  the  Chaney  disclosures  involve  a  third 
principle  which  is  specific  to  the  preparation  of  the  highest 
types  of  gas-adsorbent  carbons.  This  principle  arises  from 
the  fact  that  military  uses  and  most  industrial  applications 
involving  the  adsorption  of  gases  and  vapors  place  a  hea\y 
premium  upon  the  maximum  of  adsorptive  capacity  per 
unit  volume  of  adsorbent.  As  a  result,  it  may  be  shown 
that  there  must  exist  a  definite  critical  density  or  porosity  of 
adsorbent,  corresponding  to  its  maximum  capacity  per  unit 
of  volume.  Other  things  being  equal,  any  departure  from  this 
critical  density  in  either  direction  impairs  the  potential  ad- 
sorptive capacity  of  the  carbon.  The  reasoning  is  obvious. 
If  the  porosity  approaches  zero  the  available  exposure  of 
active  carbon  becomes  negligible.  A  space  entirely  filled 
with  carbon  atoms  has  no  room  for  adsorbable  molecules. 
On  the  other  hand,  as  the  porosity  approaches  100  per  cent 
the  mass  of  active  carbon  per  unit  of  volume  approaches 
zero,  and  its  adsorptive  capacity  falls  off  accordingly.  Be- 
tween these  two  extremes  there  is  a  certain  density  or  porosity 
in  which  the  maximum  mass  of  active  carbon  is  most  effec- 
tively exposed.  It  has  been  experimentally  determined  for 
steam-activated  shell  carbon  that  this  critical  apparent 
density  is  about  0.4  (for  8  to  10-mesh  granules),  or  that  the 
desired  porosity  of  the  individual  granule  should  be  66 
per  cent.' 

The  actual  value  of  this  critical  density  was  determined 
by  observing  the  density  at  and  below  which  the  adsorptive 
power  of  the  carbon  per  unit  of  mass  became  constant.  As 
a  matter  of  observation  all  highly  activated  carbons  having 
a  density  of  less  than  0.4  (for  8  to  10-mesh  granules)  tend  to 
approach  a  substantially  constant  adsorptive  capacity  per 
unit  weight  of  carbon,  which  means  that  their  capacity  per 
unit  volume  then  becomes  a  simple  function  of  their  density. 

This  is  illustrated  by  the  data  in  the  following  tables 
taken  from  reports  by  Chaney  in  1918  to  the  Chemical 
Warfare  Service. 

Table   I — Capacity   of   Typical   Charcoals   for   Absorbing  Chloro- 
picRiN  WHEN  Completely  Actuated 

Source  AD  S'  S'/IOAD  SW 

Coconut 0,430  9.5.5  222  0.76 

Babassu  nut 0.330  770  233  0.82 

Cedar 0.103  240  234  0.7S 

Sycamore 0.097  227  234  0.79 

The  capacity  5'  is  the  number  of  minutes  service  on  C.  W.  S.  standard 
tube  test.  5rV is  the  adsorptive  capacity  expressed  as  weight  of  chloropicrin 
absorbed  by  1  gram  of  carbon  under  the  same  test  conditions.  ^D  is  the 
apparent  density  of  8  to  10-mesh  carbon  granules. 

As  shown  in  Column  3,  the  ratio  of  the  service  time  or  gas 
capacity  to  the  apparent  density  for  fully  activated  chars  o( 
less  than  0.4  density  is  practically  constant.  Column  4 
shows  the  same  thing — i.e.,  per  unit  weight  of  carbon  the 
capacity  of  all  fully  activated  chars  is  approximately  constant, 
if  the  densities  are  less  than  the  critical  density.  In  this 
particular  series  the  coconut  sample  is  somewhat  above  the 
critical  density,  which  accounts  for  its  slight  deviation  from 
the  constant  in  Column  3.  On  the  other  hand,  all  coconut 
chars  in  which  the  selective  oxidation  has  been  substantially 
completed,  but  which  are  above  0.41  in  apparent  density, 
were  found  to  obey  the  following  empirical  formula: 
BP 
^  ^  (1  -  P)S  (1) 

where  BP  =  porosity  of  the  carbon  granules,  P  —  total 
porosity,  and  'S  =  service  capacity.  In  other  words,  the 
service  (expressed  either  in  minutes  or  ser\'ice  time  or  in  weight 
of  chloropicrin  adsorbed  per  cubic  centimeter  of  carbon)  is  a 
function  of  the  porosity.  The  values  of  K  were  experimen- 
tally determined  from  the  following,  which  is  another  form  of 
Equation  1: 


K  = 


RD  X  BP 


(2) 


AD  X  S 

where  RD  =  real  density,  and  AD  =   apparent  density  of 
8  to  10-mesh  carbon. 

Table  II — .A.dsorbing  Capacity  of  Steam-Activated  Coconut  Charcoals 


S'  (Ob- 
served) 

Sample  Series  Minutes 

(l;  (2)  (3) 

Unactivated  0 

1  D  6 

2  E  112 

3  F  250 

4  D  387 

5  E  430 

6  C  464 

7  H  515 

8  E  525 

9  B  532 

10  E  540 

11  D  545 

12  D  566 

13  E  577 

14  C  580 

15  B  600 

16  C  605 

17  A  610 

18  B  615 

19  B  654 

20  A  662 

21  H  687 

22  A  700 

23  H  760 

24  H  775 

25  C  800 

26  F  805 

27  F  825 

28  F  845 

29  F  900 

30  H  955 


RD  XBP 


K 


BP  RD  AD  AD 

(4)  (5)  (6)  (7)  (S)  19) 

0.253  1.56  0.715  0.51  0.0000  « 

0.382  1.66  0.626  0.98  0.0027  370.0 

0.350  1.63  0.634  0.90  0.0381  23.7 

0.417  1.66  0.580  1.19  0.0832  14.3 

0.532  1,87  0,525  1,90  0.1305  14.5 

0,510  1,86  0,548  1.62  0.1449  11.3 

0,504  1.98  0,590  1,69  0,1565  10,8 

0,511  1,93  0.567  1.74  0,1740  10,0 

0,510  1.90  0,563  1,71  0,1760  9,7 

0.522  2.04  0.585  1.82  0,1805  10.1 

0.537  1,96  0,544  1,93  0,1818  10.6 

0.525  1.95  0.555  1.85  0,1830  10.1 

0.537  1,90  0,529  1,93  0.1905  10.1 

0.600  2.02  0.497  2,38  0.1943  12.7 

0.535  2.04  0..572  1.90  0.1957  9.7 

0.S40  2,08  0,576  1,94  0,2020  9.7 

0.505  2.02  0.600  1.70  0.2040  8.3 

0.545  2.04  0.558  2,00  0.2060  9.7 

0.574  2.10  0.539  2.23  0.2077  10.7 

0.584  2.08  0.521  2,31  0,2207  10,5 

0.575  2.09  0.534  2.25  0.2240  10.0 

0.515  2,03  0.591  1.77  0.2317  8.1 

0.584  2.15  0.540  2.31  0.2354  9.9 

0.545  2.02  0.553  1.98  0.2555  7.9 

0.567  2.02  0.535  2.11  0.2615  8.0 

0.584  2.08  0.522  2.31  0.2680  8.7 

0.617  2.11  0.484  2.70  0.2713  9.9 

0.617  2,11  0,484  2,70  0.2780  9.7 

0.612  2.11  0.488  2.65  0.2855  9.3 

0,654  2,17  0,452  3.13  0.3033  10.2 

0,665  2,14  0.432  3.28  0.3207  10.2 


Table  II  gives  data  upon  a  series  of  steam-activated 
coconut  charcoals  from  eight  uidependent  sources  (samples 
of  common  source  indicated  by  same  series  letter  between 
which  the  degree  of  oxidation  is  the  only  variable).  These 
samples  are  arranged  in  the  order  of  their  service  capacity 
shown  in  Column  3.  A  well-defined  break  appears  with  in- 
creasing activity  at  a  service  capacity  of  about  450  minutes. 
The  mitial  activation  period  is  marked  by  rapidly  falling 
values  of  K.  The  second  stage,  covering  a  service  range  of 
from  450  to  950  minutes,  or  a  chloropicrin  capacity  of  from 
0.16  to  0.32  gram  per  cubic  centimeter  of  carbon,  exliibits  a 
weD-defined  tendency  for  K  to  approach  a  constant  value. 
Considering  the  necessarily  appro.ximate  nature  of  the  ex- 
perunental  values  and  the  extraneous  variables  in  the  prepa- 
ration of  the  carbon  samples,  the  agreement  in  the  values  of 
K  is  unmistakably  significant.  This  table  reveals  two  of  the 
three  characteristic  stages  occurring  in  the  progressive  oxida- 
tion of  carbon: 

1 — The  stage  of  selective  or  dififerential  oxidation,  in  which  the 
chemical  character  of  the  carbon  is  undergoing  rapid  change  by 
the  elimination  of  associated  hydrocarbons.  In  this  stage  the 
adsorptive  power  increases  at  a  rate  out  of  all  proportion  to  the 
increase  in  porosity,  as  shown  by  the  rapidly  falling  value  of  K. 

2 — The  stage  of  limited  o.xidation,  which  commences  after  the 
chemical  changes  on  the  exposed  carbon  surfaces  have  been 
substantially  completed.  That  the  sole  fimction  of  this  continued 
oxidation  is  to  increase  the  porosity  and  available  surface  is 
shown  by  the  fact  that  K  becomes  constant  and  therefore  that 
the  increase  in  capacity  is  derived  principally  from  physical 
changes  in  the  carbon  which  are  mathematically  expressible  as 
a  function  of  its  porosity.  In  the  latter  part  of  Table  II  this 
second  stage  is  shown  approaching  the  limit  set  by  the  critical 
density  of  0,4.  Unfortunately,  the  third  stage  is  not  represented, 
as  the  samples  selected  for  this  series  did  not  happen  to  pass 
through  the  critical  density,  but  Table  I  serves  the  same  pur- 
pose, showing  the  final  phase  below  the  critical  density  where 
the  capacity  per  unit  mass  displays  a  constant  value  over  a 
fourfold  range  in  densities. 

Further  direct  evidence  confirming  the  existence  of  these 
three  characteristic  phases  of  selective  and  hraited  oxidation 
has  been  presented  by  one  of  the  authors  recently,"  in  which 
it  was  shown  that  the  first  stage  of  activation  is  characterized 
by  a  very  rapid  decrease  in  hydrogen  content  corresponding 
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to  the  selective  removal  of  the  hydrocarbons.  In  the  period 
of  limited  oxidation  following,  the  hj-drogen  content  becomes 
practically  constant,  and  the  retentivity  at  first  continues  to 
increase  with  increasing  porosity  corresponding  to  the  second 
stage,  and  finally  becomes  constant  as  the  third  stage  is 
reached. 
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The  best  gas-adsorbent  carbon  can  never  be  made  di- 
rectly from  wood  charcoals.  With  the  exception  of  a  few 
hard  woods,  of  wliich  the  supply  is  negligible,  the  wood 
chars  are  too  low  in  density  even  before  activation.  Only 
by  pulverizmg  low  density  wood  charcoals  and  briquetting 
them  to  denser  chars  can  they  be  made  to  compare  with 
dense  nut  chars.  On  the  other  hand,  coconut  shell  chars 
as  obtained  immediately  after  distOlation  are  too  high 
in  density.  Therefore,  after  the  differential  oxidation  is 
substantially  completed  the  oxidation  process  must  be  con- 
tmued  through  a  definite  secondary  stage,  until  the  critical 
apparent  density  is  reached,  if  the  maximum  adsorptive 
capacity  is  to  be  attained. 

In  commercial  practice  the  rapidly  mounting  costs  of  con- 
tinued oxidation  sometimes  make  it  advisable  to  stop  short 
of  the  ideal  or  theoretical  density  for  certain  industrial 
uses.  In  other  cases  high  capacity  is  so  vitally  unportant 
to  the  efiiciency  of  the  process  that  the  higher  cost  of  carbon 
becomes  a  secondary  matter.  This  is  also  true  of  carbon  for 
military  purposes.  The  engineer  must  determine  in  each 
case  to  what  extent  space  and  high  capacity  per  Tmit  of  volume 
are  vital  factors,  and  be  prepared  to  pay  the  necessary  pre- 
mium for  his  requirements. 

Theory  op  Alpha  and  Beta  Modifications 

Turning  back  for  a  moment  to  the  postulates  of  the  original 
theory,  discussion  of  these  since  their  publication  has  cen- 
tered principaDy  around  the  statement  that  the  active  and 
inactive  forms  of  carbons  constituted  two  distinct  modifica- 
tions. It  is,  of  course,  possible  to  argue  endlessly  over  mat- 
ters of  definition.  The  term  "modification"  was  purposely 
selected  as  sufiiciently  broad  to  permit  more  exact  definition 
on  further  evidence.  To  quote  the  language  of  the  paper, 
"It  would  be  premature  to  assert  that  these  two  forms  of 
carbon  are  true  allotropic  modifications.  It  is  not  yet  es- 
tablished that  both  forms  are  amorphous.  *  *  *  This  much 
is  established,  the  two  forms  are  characteristically  distinct 
and  easily  differentiated  both  by  their  properties  and  condi- 
tions of  formation."  However,  in  provisionally  suggesting 
the  terms  "alpha"  and  "beta"  carbon  for  the  active  and 
inactive  forms,  expression  was  given  to  a  belief  that  future 
work  would  disclose  some  tangible  differences  in  molecular 
aggregation   or  arrangement   corresponding  to   the   unique 


difference  in  properties.  It  was  considered  extremely  prob- 
able that  alpha  carbon  would  prove  to  be  almost,  if  not  com- 
pletely, amorphous  and  of  a  loose,  open  structure — possibly 
having  a  large  proportion  of  free  valences  by  reason  of  this 
loosely  packed  arrangement;  whereas  beta  carbon  was  ex- 
pected to  prove  more  akin  to  graphite,  having  a  more  defi- 
nitely close-packed  or  crystalline  structure.  In  this  labora- 
tory the  latter  was  sometimes  referred  to  as  "amorphous 
graphite."  In  view  of  this  it  is  interesting  to  note  that 
Professor  Briggs,  of  Edinburgh,  after  taking  exception  to  this 
classification,  proceeds  to  ascribe  the  difference  between  the 
active  and  inactive  forms  to  a  difference  in  the  degree  of 
polymerization. - 

In  \'iew  of  the  ■nidespread  interest  and  speculation  on  this 
subject,  the  ^Titers  are  perhaps  warranted  in  pointing  out 
the  trend  of  their  present  investigations,  and  in  indicating 
the  nature  of  certain  tentative  conclusions  which  they  have 
drawn  therefrom.  While  these  conclusions  are  now  being 
subjected  to  a  rigorous  examination  before  being  put  out  in 
final  form,  they  serve  to  indicate  the  basis  upon  which  it  is 
hoped  to  obtain  a  final  answer  as  to  the  existence  and  nature 
of  the  structural  differences  between  alpha  and  beta  carbon 
as  defined  by  the  terms  "active"  carbon  and  "inactive" 
carbon. 

Briefly  stated,  the  X-ray  crystaUographic  and  chemical 
evidence  thus  far  obtained  indicates  that  all  forms  of  carbon 
(the  diamond  excepted)  fall  into  two  main  classes,  the  gra- 
phitic and  the  pseudo-graphitic. 

All  normal  graphites,  natural  and  artificial,  are  sharply 
crystalline  and  have  a  common  characteristic  X-ray  pattern. 
(AH  the  so-called  "amorphous"  graphites  are  completely 
crystalline;  so  also  is  graphitic  acid  which  has  a  perfectly 
definite  physical  and  chemical  structure.  The  confusion 
caused  by  the  close  resemblances  of  these  two  forms  of  car- 
bon is  responsible  for  the  thesis  so  elaborately  developed  by 
Kohlschutter^  that  graphite  is  not  a  definite  chemical  in- 
dividual.) They  all  j'ield  graphitic  acid  by  the  Brodie 
reaction. 

The  pseudo-graphites  are  also  definitely  crystalline,  but 
have  a  distinctly  modified  X-ray  pattern,  and  do  not  readily 
yield  graphitic  acid;  at  least,  they  are  much  less  susceptible 
and  may  be  readDy  distinguished  from  the  normal  graphites 
which  are  readily  converted.  This  fact  permits  a  chemical 
separation  of  the  two  forms.  The  proportions  of  these  two 
forms  in  mixtures  can  also  be  identified  by  the  X-ray  to 
within  5  or  10  per  cent.  The  pseudo-graphites  also  have  an 
electrical  resistance  about  five  times  higher  than  the  grapliites, 
the  comparisons  bemg  based  upon  finely  div-ided  samples  of 
each.  Perhaps  the  simplest  evidence  of  the  stabihty  and 
individuaUty  of  these  two  crystaUine  forms  of  carbon  is  the 
fact  that  a  grapliite-psuedo-graphite  thermocouple  junction 
gives  definite  and  reproducible  thermoelectric  potentials 
over  temperatures  ranging  from  1500°  to  2400°  C,  the 
potential  in  the  neighborhood  of  1700°  C.  being  about  15 
mUhvolts. 

All  other  forms  of  carbon  are  converted  into  one  of  these 
two  ultimate  crystalline  forms  when  heated  above  graphitiz- 
ing  temperatures.  The  types  of  free  carbon  from  which 
active  carbon  is  most  easUy  derived — namely,  carbohydrate 
and  cellulosic  chars,  wood  and  nut  charcoals,  lampblacks, 
carbon  blacks,  filter  blacks,  etc.- — jdeld  pseudo-graphite. 
Therefore,  in  accordance  with  the  previous  nomenclature, 
all  the  less  highly  poljmierized  forms  of  carbon  which  yield 
pseudo-graijhite  on  heating  have  been  termed  "alpha  carbon." 
Correspondingly,  all  forms  of  carbon  which  yield  normal 
graphite  on  heating  may  be  designated  as  "beta  carbon." 

In  the  1919  paper  the  inactivable  forms  of  carbon — i.  e., 
carbons  set  free  from  their  compounds  at  high  temperatures 
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— were  defined  as  beta  carbon.  These  forms  now  satisfy  the 
new  beta  carbon  classification  by  yielding  normal  graphite 
on  heating. 

On  this  basis  active  carbon  appears  to  be  simply  a  pure 
form  of  alpha  carbon  possessing  fundamentally  the  elements 
of  the  pseudo-graphitic  crystalline  structure,  whereas  inac- 
tive carbon  is  beta  carbon  belonging  to  the  graphitic  type  of 
structure.  This  apparently  simple  relationship  is  clouded 
somewhat  by  the  fact  that  certain  low-temperature  cokes  and 
the  coals  yield  beta  carbon  predominantly  on  heating  and 
yet,  as  the  writers  have  sho'v\'n,  are  capable  of  reasonable 
activation.  Either  they  must  abandon  the  thesis  that 
unique  adsorptive  properties  are  inherent  in  the  special 
structure  of  alpha  carbon,  and  conclude  that  both  alpha  and 
beta  forms  may  be  active  if  in  a  sufficiently  degraded  state  of 
polymerization,  or  they  must  conclude  that  the  coals  and 
pitch  cokes  referred  to  above  contain  a  certain  percentage  of 
alpha  carbon  mi.xed  with  beta  carbon.  One  possibility 
is  that  the  free  carbon  in  coal  is  largely  alpha  and  that  the 
beta  carbon  is  formed  during  calcination  from  the  hydro- 
carbons in  it  having  a  high  temperature  of  decomposition.  In 
tliis  case  they  would  expect  a  previously  activated  anthracite 
coal  to  yield  pseudo-graphite  predominantly,  because  the 
hydrocarbons  ordinarily  giving  rise  to  beta  carbon  on  heating 
would  have  been  chemically  removed  by  oxidation.  The 
experimental  work  along  these  lines  is  not  yet  sufficiently  ad- 
vanced to  say  whether  coals  already  contain  beta  carbon  in 
considerable  quantity  or  whether  it  appears  later  in  the 
calcining  stages. 

However,  other  evidences  of  the  relationships  between  the 
four  forms  of  carbon — alpha,  beta,  pseudo-grapliite,  and 
normal  graphite— lead  to  the  suspicion  that  the  special 
adsorptive  powers  of  active  carbon  will  be  found  to  be  specific 
to  the  alpha  form.  Starting  with  graphite,  the  writers  have 
made  the  other  three  forms  by  way  of  graphitic  acid  in  a  man- 
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ner  which  indicates  that  alpha  carbon  must  have  a  simpler 
unit  of  crj'stal  structure  than  beta.  By  a  partial  breaking 
do^m  of  the  structure  of  the  graphite  crystal  they  obtain  beta 
carbon  which  goes  back  to  graphite  on  heating.  If,  however, 
the  grapliite  crystal  is  more  completely  disintegrated,  alpha 


carbon  is  obtained  which  then  goes  to  pseudo-graphite  on 
heating.  This  clearly  suggests  that  there  is  some  element 
of  complexity  in  the  beta  carbon  grouping  which  determines 
its  crystallization  in  the  graphitic  rather  than  the  pseudo- 
graphitic  form,  and  consequently  that  beta  carbon  is  probably 
more  complex  than  alpha  carbon. 

Furthermore,  beta  carbon  is  found  to  be  merely  colloidal 
grapliite  and  may  be  directly  obtained  by  mechanically 
breaking  down  the  graphite  crystals  to  fragments  of  coUoidal 
dimensions.  This  actuaUy  occurs  in  the  preparation  of 
Aquadag,  wliich  the  X-ray  shows  to  be  liighly  polymerized 
beta  carbon  and  which  is  made  from  fully  crystalline  graph- 
ite by  a  process  of  grinding  and  deflocculation.  Colloidal 
graphite  such  as  Aquadag  exliibits  no  exlraordinary  adsorp- 
tive powers  beyond  those  characteristic  of  all  materials  in  so 
minute  a  state  of  subdivision.  So  far  as  the  writers  know 
neither  it  nor  similar  forms  can  be  activated.  It  therefore 
seems  reasonable  to  assume  that  the  special  adsorptive 
properties  of  active  carbon  are  peculiar  to  the  simpler  struc- 
ture of  alpha  carbon. 

The  transition  from  alpha  carbon  to  pseudo-graphite  with 
increasing  temperature  can  be  observed  by  the  changes  in 
X-ray  patterns  in  a  manner  analogous  to  the  transition 
of  beta  carbon  to  grapliite.  This  crystallization  causes  the 
alpha  carbon  to  lose  its  special  activity.  Pseudo-graphite, 
even  when  made  from  highly  active  carbon,  is  not  appreciably 
more  active  than  graphite. 

If  the  observations  and  relationships  just  indicated  are 
substantiated  by  subsequent  work,  the  nature  of  the  active 
and  inactive  modifications  of  carbon  tatII  be  definitely  estab- 
lished along  the  lines  suggested  in  the  original  paper. 

II— FUNDAMENTAL  CRITERIA  OF  ACTIVATION  AND  ADSORP- 
TIVE CAPACITY 

This  discussion  relates  to  a  phase  of  the  commercial  utili- 
zation of  adsorptive  materials  of  great  importance — namely, 
the  question  of  quantitative  criteria  of  useful  adsorptive 
capacity.  To  make  real  headway  it  must  be  possible  to 
market  a  standardized  product  permitting  of  definite  engi- 
neering specifications. 

The  first  essential  step  is  a  method  of  defining  and  meas- 
uring adsorptive  capacity  in  terms  that  are  of  quantitative 
significance  to  the  user  and  at  the  same  time  are  sufficiently 
simple  and  accurate  for  manufacturing  control.  The  first 
such  criteria  to  come  into  general  use  in  this  country  were  the 
tube  tests  developed  and  used  by  the  Chemical  Warfare 
Service  as  specifications  for  gas-mask  carbon.'' 

Air  containing  a  known  concentration  of  toxic  vapor,  such 
as  chloropicrin,  was  passed  at  a  constant  rate  into  a  tube  of 
fixed  diameter  containing  a  10-cm.  layer  of  carbon  of  a  defi- 
nite fineness.  The  capacity  of  the  carbon  was  then  expressed 
by  the  number  of  minutes  to  the  break  point— i.  e.,  to  the 
point  where  a  detectable  trace  of  vapor  appeared  in  the 
effluent  air.  The  weight  of  gas  adsorbed  at  the  break  point 
was  also  determined  directly.  For  reasons  which  will  be 
apparent,  the  break  pomt  on  such  a  test  is  affected  by  many 
factors  wliich  bear  no  relation  to  the  intrinsic  character  of 
the  carbon  itself,  as,  for  example,  the  concentrations  of  the 
vapor,  the  rate  of  flow  of  the  air,  the  fineness  or  mesh  limits 
of  the  carbon,  etc. 

As  the  quality  of  the  adsorbent  carbon  was  improved, 
it  became  necessary  to  accelerate  the  tube  tests  by  using 
higher  concentrations  and  faster  rates  of  flow.  While  such 
accelerated  tests  served  to  give  relative  values  for  manufactur- 
ing control  at  any  given  plant,  they  gave  badly  distorted 
values  when  applied  to  adsorbent  carbons  of  different  origin 
and  type  such  as  the  American  and  German  carbons.  There- 
fore, not  even  for  military  uses  were  the  accelerated  tests 
authoritative. 
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Attempts  were  made  to  substitute  a  saturation  test  in 
which  the  absorbed  gas  was  weighed  after  the  carbon  had 
come  to  equilibrium  with  a  definite  concentration  of  the  gas 
at  a  definite  temperature.  In  a  C.  W.  S.  report  in  1919,  one 
of  the  authors  showed  that  in  general  a  constant  difference 
existed  between  the  weight  of  gas  taken  up  by  the  carbon 
on  any  given  saturation  test  and  the  corresponding  tube 
test.     This  was  explained  as  foUows: 

The  break  point  on  the  tube  test  corresponds  to  the  point 
where  the  rate  of  adsorption  falls  below  the  rate  at  which 
the  gas  was  being  passed  through  the  tube.  This  critical 
point  appears  to  be  reached  when  the  residual  unsaturated 
capacity  of  the  carbon  drops  to  a  constant  minimum  value, 
this  constant  value  depending  upon  the  particular  factors  of 
the  tube  test.  Thus,  the  two  tests  are  not  directly  propor- 
tional, but  the  saturation  values  are  proportional  to  the  sum 
of  the  tube  test  values  plus  a  constant,  which  is  characteristic 
of  the  test.  The  saturation  test,  while  free  of  certain  ex- 
traneous factors,  such  as  geometrical  shape  of  container, 
gas  velocitj^,  etc.,  is  extremely  sensitive  to  gas  concentration, 
and  fails  to  show  more  than  partial  correspondence  with  the 
significant  differences  in  behavior  of  various  kinds  of  carbon, 
either  for  military  or  industrial  purposes. 

The  reasons  for  this  lack  of  correspondence  lie  in  the  dual 
character  of  the  sorptive  phenomena  exliibited  by  carbon, 
as  cited  in  the  earUer  paper.  ^  In  his  series  of  C.  W.  S.  reports, 
Chancy  showed  that  if  pure  air  was  passed  over  the  carbon, 
.either  after  the  break  point  on  the  tube  test  or  after  the 
saturation  test,  the  losses  of  absorbed  gas  were  first  very  high 
and  then  fell  to  a  gradual  and  almost  negligibly  low  rate — 
one  too  slight  to  be  detectable  by  the  usual  methods  of  de- 
termining the  break  point.  Plotted  logaritlimicaUy,  the 
periods  of  rapid  and  slow  weight  loss  appeared  as  two  inter- 
secting straight  lines,  indicating  a  more  or  less  abrupt  dis- 
continuity between  the  two  rates  of  loss.  The  weight  of 
adsorbed  gas  corresponding  to  the  period  of  extremely  slow 
weight  loss  was  termed  the  "retentivity"  of  the  carbon. 
The  retentivity  values  for  a  series  of  typical  carbons  were 
found  to  bear  no  fixed  relationship  to  the  saturation  values, 
but  to  show  a  most  significent  correspondence  to  certain 
other  properties  of  the  carbons,  such  as  their  value  for  vapor 
recovery  from  low  concentrations,  their  power  to  adsorb 
substances  in  true  solution  such  as  iodine,  and  their  relative 
value  for  different  kinds  of  toxic  gas  removal.  The  con- 
clusions drawn  were  that  the  retentivity  values  corresponded 
most  nearly  to  what  was  termed  the  "specific"  adsorptive 
capacity — i.  e.,  associated  with  the  chemical  properties  of 
the  active  carbon — and  that  the  excess  of  more  easily  remova- 
ble gas  or  vapor  was  held  by  capillary  forces  associated  with 
the  physical  or  microscopic  structure  of  the  carbon.  A 
further  reason  for  belie^^ng  that  the  specific  adsorptive 
power  represented  specific  polar  forces  was  the  observation 
that  water,  for  example,  showed  a  zero  retentivity  value, 
being  practically  completely  removed  by  the  passage  of  dry 
air  at  room  temperature.  The  high  retenti^dty  values  for 
hydrocarbon  derivatives  were  thus  directly  associated  with 
the  chemical  nature  of  the  adsorbed  vapors,  and  not  merely 
with  their  physical  properties  such  as  the  boiling  points. 
The  industrial  significance  of  this  -will  be  discussed  later  in 
connection  with  comparative  data  on  silica  gel. 

The  method  of  determining  the  retentivity  by  passing  air 
over  the  saturated  carbon  at  room  temperatures  was  one 
requiring  several  hundred  hours  for  completion,  and  con- 
sequently, means  of  accelerating  the  test  were  sought.  As 
finally  developed  to  a  routine  procedure  in  this  laboratorj-, 
the  method  consists  in  first  saturating  the  dried  and  evacuated 
carbon  with  toluene  or  carbon  tetrachloride  at  22°  C,  the 
weight  of  absorbed  gas  after  equilibrium  is  established  giving 


the  saturation  value.  The  carbon  is  then  evacuated  to  2  mm. 
of  mercury  at  100°  C,  weighings  being  taken  each  half-hour. 
When  the  last  three  weigliings  lie  on  a  straight  line,  the 
intercept  of  this  line  extended  to  the  ?/-axis  is  taken  as  the 
retentivity  value.  Fig.  1  illustrates  the  type  of  cur\'es  ob- 
tained in  hundreds  of  determinations.  The  difference  be- 
tween the  saturation  value  and  the  retentivity  value  has  been 
called  the  capillary  value  of  the  carbon.  The  ratio  of  cap- 
illary and  retentivitj'  values  may  vary  enormously,  and  there- 
fore the  saturation  and  retentiAity  cur\'e  serves  to  define  the 
sorptive  characteristics  of  any  carbon  ■with  a  definiteness  and 
completeness  unapproaehed  bj'  any  other  method. 
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Fig.  3 — Relative  Evacuating  Power  of  Two  Activated  Chars 
FOR  Air 

It  is  true  that  the  retentivity  values  thus  obtained  are  also 
purely  relative,  the  absolute  weights  of  retained  gas  depend- 
ing upon  the  chemical  nature  of  the  vapor  selected,  the 
temperature  at  which  it  is  removed,  and  upon  the  degree  of 
vacuum  employed.  On  the  other  hand,  the  values  thus  ob- 
tained are  the  first  to  show  any  broad  relationships  and 
permit  of  any  basic  generalizations  as  to  various  t3fpes  of 
adsorptive  phenomena,  and  hence  must  be  accepted  as 
corresponding  in  some  real  way  to  a  fundamental  property  of 
the  carbon.  The  exactness  of  this  correspondence  vdth  the 
iodine  adsorption  number  or  the  carbon,  for  example  (Fig.  2), 
has  permitted  the  substitution  of  the  latter  and  simpler  test, 
whenever  the  retenti\ity  value  alone  is  required,  as  is  usually 
the  case  for  carbons  of  known  type  where  the  ratio  of  capil- 
larity to  retentivity  has  been  pre\'iously  determined.  It  is 
also  evident  that  when  this  ratio  is  known  for  a  given  type  of 
commercial  carbon,  the  saturation  values  alone  can  be  used 
as  a  commercial  test,  without  serious  error.  To  compare  or 
define  an  unknown  carbon,  however,  the  complete  determi- 
nation both  of  the  saturation  value  and  of  either  the  re- 
tenti\'ity  or  the  iodine  number  is  necessary.  The  latter 
value  has  been  termed  the  "acti^•ity"  of  the  carbon,  and 
is  obtained  by  determining  the  amount  of  iodine  which  1 
gram  of  dried  200-mesh  carbon  will  absorb  from  50  cc.  of 
0.2  A^  iodine-potassium  iodide  solution.  The  mixture  is 
agitated  for  3  minutes,  filtered,  and  the  first  runnings  of 
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the  filtrate  are  discarded.  The  iodine  concentration  of  an 
aliquot  portion  of  the  filtrate  is  determined  by  titration. 
Highly  activated  carbons  will  remove  about  90  per  cent  of 
the  iodine. 

Other  criteria  of  carbon  activation  have  been  proposed, 
notably  the  methods  of  Lemon, ^  who  has  measured  the  rel- 
ative vacuum  produced  by  the  adsorption  of  air  or  nitrogen 
at  liquid  air  temperatures.  The  pressure  curves  thus  ob- 
tained (Fig.  3)  are  related  to  the  retentivity,  or,  as  Briggs^ 
defines  it,  to  the  "prehensility"  of  the  carbon,  but  both  the 
technical  difficulties  of  the  method  and  the  greater  diflaculty 
of  expressing  the  values  in  convenient  quantitative  terms 
make  it  of  theoretical  interest  only. 

Ill— GENERAL  PROCESSES  OF  CARBON  ACTIVATION 

The  pre\'ious  discussion  has  shown  that  accordmg  to  tlie 
theory  of  the  writers  any  process  of  releasing  carbon  from 
its  compounds  at  sufficiently  low  temperatures  in  the  ab- 
sence of  hydrocarbons  or  other  strongly  adsorbed  substances 
should  yield  highly  active  carbon  directly. 

This  has  been  accomplished  in  several  ways — for  example, 
by  employing  the  reaction  2C0  =  C  -f-  CO2,  which  can  be 
brought  about  at  300°  C.  in  the  presence  of  an  iron  oxide 
catalyst  (first  suggested  in  the  present  connection  by  Pat- 
terson at  the  American  University  in  1918),  and  by  the  action 
of  sodium'  or  mercury*  on  carbon  tetrachloride.  Such 
methods  are  of  purely  theoretical  interest,  as  the  resulting 
carbon  lacks  the  necessary  mechanical  properties  for  use 
even  as  a  decolorizing  carbon,  as  wUl  be  more  fuUy  discussed 
in  a  later  section. 

The  requisite  physical  structure  for  commercial  uses  can 
be  obtained  only  in  suitably  prepared  chars,  cokes,  or  coals, 
which  have  been  termed  "primarj'  carbon."  These  all  require 
activation — that  is,  the  adsorption  complex  characteristic  of 
the  primary  carbon  must  be  broken  up  and  the  hydrocarbon 
constituents  eliminated.  The  following  methods  have  been 
employed  or  suggested: 

High  Temperature  Calcination — The  difficulties  of 
this  method  on  a  commercial  scale  are  evident  from  the 
theory.  The  stabilization  of  the  hydrocarbons  by  adsorp- 
tion usually  raises  their  final  decomposition  temperature 
above  the  critical  temperature  range,  and  inactive  carbon  is 
formed.  By  selecting  chars  naturally  ha\'ing  a  low  decompo- 
sition point  and  conducting  the  operations  with  great  care  a 
limited  degree  of  activation  can  be  effected.  However,  the 
method  does  not  permit  control  of  the  resulting  porosity  of 
the  carbon  granules,  and  is  only  effective  on  chars  of  very 
low  density,  which  means  low  structural  strength  and  low 
capacity  per  unit  volume  of  adsorbent.  The  wood  char- 
coals employed  for  gas  masks  by  the  British  and  French 
were  chiefly  prepared  by  this  method. 

Carbonization  with  Mineral  Additions — The  carbona- 
ceous materials  may  be  impregnated  with  a  variety  of  metal- 
lic salts  or  oxides  before  carbonization.  These  seem  to  be 
effective  in  preventing  the  formation  of  the  adsorption 
complex  of  hydrocarbons  or  in  causing  the  decomposition 
of  the  adsorbed  hydrocarbons.  The  removal  of  mineral 
matter  provides  an  exceedingly  porous  structure  with  cap- 
illary pockets  of  molecular  dimensions.  Such  carbons 
possess  a  relatively  high  capillary  capacity,  but  exhibit 
the  specific  adsorptive  characteristics  of  active  carbon  only  to 
a  limited  degree.  The  German  gas-mask  carbon  was  pTe- 
pared  by  tliis  method,  the  wood  bemg  impregnated  with  zinc 
chloride, .  calcined,  and  then  the  zinc  dissolved  out  by  hydro- 
chloric acid.  This  type  of  process  is  famUiar  in  the  more 
common  methods  of  preparing  certain  decolorizing  carbons. 
Sometimes  the  mineral  naturally  occurs  in  the  vegetable 
fibers,  as  in  the  case  of  "Carbrox"  made  from  rice  hulls. 


Use  of  Solvents — It  has  been  proposed  to  dissolve  the 
hydrocarbons  out  of  the  primary  carbon  by  special  solvents, 
such  as  selenium  oxychloride.'  Such  methods,  apart  from 
their  expense,  do  not  appear  commercial  even  for  war  emer- 
gencies, as  they  do  not  afford  means  of  controUing  the  porosity 
or  density  of  the  final  product.  The  problem  of  getting  rid 
of  the  solvent  is  also  a  serious  one. 

Processes  Involving  the  Principles  of  Differential 
and  Limited  Oxidation — Of  universal  appMcabOity  to  all 
primary  carbons  and  of  the  widest  flexibility,  both  as  to  the 
manner  of  employment  and  as  to  the  variety  and  quality  of 
the  resulting  product,  are  the  processes  involving  what 
have  been  termed  "differential"  and  "limited"  oxidation. 
Wliile  these  may  be  carried  out  by  either  wet  or  dry  methods, 
in  their  preferred  forms  the  oxidizing  agents  are  gases,  such  as 
air,  steam,  carbon  dioxide,  clilorine,  etc.  The  principle  of 
such  selective  chemical  attack  depends  upon  the  slightly 
greater  susceptibility  to  oxidation  of  the  hydrocarbon  con- 
stituents of  the  adsorption  complex  than  of  the  active  carbon 
itself.  By  a  proper  adjustment  of  the  oxichzing  environment 
as  to  temperature  and  concentration,  the  adsorbed  hydrocar- 
bons may  be  eliminated  from  the  active  carbon  far  more 
effectively  and  economically  than  by  any  other  processes 
hitherto  employed,  and  in  the  same  environment  the  forma- 
tion of  inactive  carbon  may  be  reduced  to  a  minimum.  The 
Chemical  Warfare  Service  employed  both  air  and  steam 
activation  on  a  large  scale.  The  product  obtained  by  air  is 
inherently  inferior  to  the  best  steam-activated  products, 
chiefly  because  the  difficulty  of  nicely  controlling  the  tem- 
perature and  rate  of  an  exothermic  reaction  is  much  greater 
than  is  the  control  of  an  endothermic  one.  Too  harsh  an 
oxidizing  attack  destroys  both  active  carbon  and  hydrocar- 
bons simultaneously;  consequently,  nothing  is  accomplished 
by  it  except  a  general  increase  in  porosity. 

The  quality  of  activated  carbon,  therefore,  depends  upon 
the  skill  with  which  the  manufacturer  is  able  to  control  the 
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IG.  4 — Sorption  of  Benzene  Vapor  prom  Dry  Air  by  Activated  Carbon 
AND  SiucA  Gel 
Equal  volumes  (30  cc.)  of  8  to  14-mesh  carbon'and  gel  compared.     Air- 
enzene  mixture  passed  at  rate  of  500  cc.  per  min.,  temperature  25°  C. 


1250 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  Xo.  12 


oxidation   environment,   as   well   as   upon   the   preliminar}^ 
preparation  of  the  char. 

Note — The  essential  features  of  the  steam-activating  processes 
were  worked  out  by  an  Austrian,  Ostrejko,  a  year  or  more  prior 
to  the  American  disclosures.  For  military  reasons  his  patents 
were  withheld  from  issue  in  Austria  until  after  the  war,  although 
curiously  enough  he  obtained  an  issue  from  the  British  Patent 
Office  in  the  spring  of  1918.'°  His  disclosures,  therefore,  were, 
unknown  to  the  allied  chemists  until  after  the  American  processes 
were  in  operation,  and  were  apparently  not  developed  or  employed 
by  either  Austria  or  Germany  during  the  war. 

IV— ADSORPTION  OF   GASES   AND   VAPORS   BY   CARBON   AND 
SILICA  GEL 

The  three  essential  characteristics  of  a  gas-adsorbent 
carbon  are  good  mechanical  strength,  a  close  approximation 
to  a  definite  optimum  densitj''  or  porosity,  and  high  intrinsic 
activity.  The  necessity  for  mechanical  strength  to  avoid 
crushing,  packing,  and  dusting  in  containers  or  towers  through 
wliich  large  volumes  of  gas  must  be  passed  at  high  velocities 
is  ob^^ous. 

The  fact  that  the  efficiency  both  of  military  and  industrial 
gas-adsorbing  vessels  is  rated  upon  the  size  of  the  container, 
rather  than  upon  the  weight  of  the  adsorbent  fiUer,  auto- 
matically determines  the  ideal  porosity  of  the  adsorbent 
in  the  manner  discussed  in  Section  I. 

Section  II  has  also  sho^ii  why  the  most  significant  criterion 
of  the  adsorptive  capacitj'  of  carbon  is  its  specific  capacity 
as  defined  by  the  retentivity  for  certain  adsorbed  gases,  or 
by  the  equivalent  values  of  the  iodine  adsorption  from 
solution,  designated  as  the  "acti^•itJ^"  The  industrial 
significance  of  the  acti\'ity  values  will  be  further  developed 
in  connection  with  the  question  of  preferential  or  selective 
sorption,  a  quality  of  solid  adsorbents  wliich  is  made  strik- 
ingly apparent  by  the  retentivit}'  method.  In  respect  to 
this  property,  active  carbon  and  silica  gel  are  found  to  be 
diametrically  opposed  with  respect  to  their  relative  adsorpn 
tion  of  water  and  hydrocarbon  derivatives. 

The  fact  has  already  been  mentioned  that  if  the  retenti^■ity 
of  carbon  were  defined  by  its  power  of  retaining  water  vapor. 
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PERCENTAGE  "OIL"  REMOVED 

Flo  5 — Rei,ationship  between  AcnviTy  and  Alcohol  Purifying 
Power  op  Various  Types  op  Activated  Carbon 

All  carbons  pulverized  to  pass  200-mesh  screen,  acid-extracted, 
thoroughly  washed,  and  dried  before  testing. 

Crude  alcohol  containing  objectionable  oil  treated  with  5  per  cent 
carbon  in  the  cold.  Oil  determination  made  by  comparing  turbidities  on 
dilution  by  means  of  nephelometer. 


instead  of  toluene,  for  example,  the  retentivity  would  be 
zero.  In  a  stream  of  dry  air,  carbon  gives  up  its  water 
at  room  temperatures.  Appljnng  the  same  criteria  to  silica 
gel,  its  specific  adsorjitive  power,  while  much  less  marked 
than  that  of  carbon,  is  definitely  selective  for  water.  In 
fact,  aU  the  water  cannot  be  expelled  from  the  gel  without 
breaking  do^\7i  the  physical  structure  or  the  granules,  and  this 
makes  the  selection  of  a  basis  for  defining  the  water  retentiv- 
ity a  Uttle  difficult.  If,  however,  the  gel,  dried  at  200°  C. 
(and  already  containing  about  3  per  cent  of  water),  is  saturated 
^\-ith  water  and  the  additional  water  retained  at  100°  C.  is 
determined,  this  is  found  to  be  about  2.5  per  cent,  whereas 
the  toluene  retenti\'ity  of  the  gel  treated  in  the  same  manner 
is  but  1.5  per  cent — that  is,  the  ratio  is  5  to  3  in  favor  of  the 
water.  If  the  original  water  content  is  included,  the  ratio 
of  water  to  toluene  is  4  to  1. 

That  this  selectivity  of  adsorption  is  a  very  practical 
reality  is  readily  demonstrated  by  the  simple  experiment  of 
shaking  up  a  mixture  of  water  and  benzene  ■with  activated 
carbon  and  silica  gel,  respectively.  The  carbon  will  adsor!:) 
the  benzene,  and  if  enough  benzene  is  present  to  saturate  the 
carbon  the  water  will  be  completely  rejected.  The  silica  gel 
wiQ  take  up  the  water  and  reject  the  benzene.  These  facts 
prove  beyond  question  that  any  theory  of  adsorption  which 
disregards  the  chemical  nature  of  the  adsorbent  and  adsorbed 
substances  is  incomplete  from  a  theoretical  point  of  view  and 
inadequate  from  a  practical  standpoint.  As  a  matter  of 
fact,  even  a  capillarj-  theory  of  adsorption  must  recognize  the 
predetermining  influence  of  specific  chemical  factors,  inas- 
much as  capQlary  phenomena  may  exhibit  certain  sharply 
contrasting  aspects  depending  upon  whether  the  capOlaries 
are  wet  bj'  the  liquid  or  not.  Such  differences  in  the  wetting 
action  reveal  the  operation  of  specific  chemical  or  polar 
forces,  which  are  not  explicable  on  any  mathematical  concept 
as  simple  as  relative  capillary  diameters.'-  This  statement 
is  made,  not  in  order  to  minimize  the  significance  of  the 
role  played  by  capiUarj'  structure  in  the  dispersion  of  soUd 
adsorbents,  nor  to  deny  the  value  of  statistical  studies  of 
capillary  and  pore  volumes  in  the  case  of  any  given  absorbent, 
but  to  avoid  a  fictitioush' simple  classification  of  all  adsorbents 
and  adsorptive  phenomena  on  the  basis  of  mechanical  struc- 
ture. 


Table  III — Sorptive  C, 

(Saturation  in  pure  vapor  at  3< 
Hg  pressure) 


AciTY  OP  Activated  Carbons  and  Silica  Gel 
Retentivity  at  100°  C.  and  3  mm. 


Sorptive  CAPAcrrv 

E.XPRESSED  AS  Gra 

MS  CCN 

Apparent  Density 

Held  by 

100  Grams 

Sorbent 

Substance 

S  to  14  Mesh 

Total 

Capillary 

Specific 

Activated  carbon  A 

0,465 

110.9 

80.9 

30.0 

Activated  carbon  B 

0.500 

103.8 

75.3 

28.5 

Activated  carbon  C 

0.542 

95.7 

68.7 

27.0 

Activated  carbon  D 

0.560 

79.5 

51.5 

28.0 

Silica  gel  A 

0.720 

19.8 

17.8 

2.0 

Silica  gel  B 

0.700 

39.2 

37.7 

1.5 

Sil-o-cel 

12.3 

10.3 

2.0 

In  Table  III  are  characteristic  data  on  the  sorptive  ca- 
pacities of  tj'pical  samples  of  activated  carbon,  silica  gel, 
and  sU-o-cel — both  their  specific  capacities  or  retenti^^ties 
under  similar  conditions  and  their  total  saturation  capacities. 
Attention  is  first  called  to  the  fact  that  the  sorption  by 
silica  gel  and  sil-o-cel  for  carbon  tetrachloride,  for  example, 
is  almost  wholly  of  the  capillary  type,  their  retenti\'it3'  for 
this  class  of  substances  being  practically  negligible  under  the 
conditions  of  the  test.  The  industrial  significance  of  these 
differences  in  retentive  power  is  shown  by  Fig.  4,  dealing 
with  the  relative  recoverj'  of  benzene  from  drj'  air  bj"  carbon 
and  sUica  gel.  The  most  significant  pomts  on  these  curves 
are  the  break  points  representing  the  end  of  the  period  of 
complete  sorption  of  benzene.  These  results  are  typical  of 
the  superiority  exhibited  by  activated  carbon  over  silica  gel 
for  aU  organic  vapors  and  solvents.    The  conditions  above 
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are  those  most  favorable  to  the  sOica  gel,  because  the  benzene- 
air  mixture  was  moisture-free.  The  industrial  significance 
of  a  solvent-preferring  vs.  a  water-preferring  adsorbent  is 
illustrated  by  the  data  in  Table  IV  showing  the  relative 
recoveries  of  benzene  from  dry  and  moist  air.  The  efficiency 
of  the  carbon  is  slightly  impaired,  but  the  silica  gel  becomes 
entirely  valueless. 
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Fig.  6 — Removal  of  Gold  from  Gold  Chloride  Solution  by  Activated 

Carbon  of  Different  Activities 

All    carbons    pulverized  to  pass  200   mesh,    acid-extracted,    thoroughly 

washed  and  dried  before  testing.     Equal  weights  of  carbons  agitated  with 

gold  chloride  solution  at  25°  C.  for  10  minutes. 

It  is  this  selective  adsorption  of  water  wliich  destroys  the 
military  value  of  silica  gel,  ferric  oxide  gel,  and  similar  hydro- 
phUic  adsorbents,  and  the  lack  of  it  that  makes  carbon  of 
unique  and  irreplaceable  value. 


Table  IV — Prepbrential  Sorption  op  Benzene  and  Water  Vapor  by 
Activated  Carbon  and  Silica  Gel 
Weight  * — Break  Point — .  ^ — Saturation — .      Concen- 

ofSor-  Benzene  Benzene      tration  jof 

bent  Time        Held         Time        Held  Benzene 

SoRBENT  G.         Air         Min.     Per  cent       Min.     Per  cent       G./Liter 

Carbon  B         33         Dry  230         27.8  420  ..  0.0133 

Carbon  B         33         Dry  207         31.9  420         34.9  0  017 

Gel  B  50         Dry  62  5.0  420         12.0  0.0134 

Gel  B  60         Dry  68  5.6  ..  ..  0.0137 

Carbon  B         33         Moist       166         212  0.0142 

Carbon  B         33         Moist       162         20.9  420         27.3  0.0142 

Gel  B  50         Moist         29  2.4  420  0.0  0.0135 

Gel  B  50         Moist         28  3.0  420  0.0  0.0178 

The  amount  of  benzene  adsorbed  from  moist  air  was  determined  by 
removing  it  from  the  sorbent  by  steam. 

Equal  volumes  of  8  to  14-mesh  carbon  and  ge!  B  used. 

Dry  air  containing  benzene  or  air  containing  approximately  equal 
parts  by  weight  of  water  vapor  and  benzene  passed  at  rate  of  3000  cc.  per 
minute. 

Removal  of  Volatile  Substances  from  Carbon 

In  certain  quarters  it  has  been  argued  that  the  high  re- 
tentivity  of  carbon  for  the  more  common  volatile  solvents  and 
chemicals  was  not  an  advantage  but  a  handicap  in  indus- 
trial recoveries  because  of  the  supposed  difficulties  of  re- 
moving the  adsorbed  materials  from  the  carbon.  As  a 
matter  of  fact,  for  most  substances  which  it  is  desired  to  re- 
cover, this  difficulty  does  not  exist.  While  retentivity 
of  carbon  for  many  hydrocarbon  derivatives  is  marked  in 
comparison  with  that  of  other  adsorbents,  and  while  the 
relative  retentivity  values  under  arbitrarily  selected  conditions 
have  been  found  to  afford  one  of  the  most  significant  indexes 
of  the  characteristic  sorption  properties  of  carbon,  neverthe- 


less, the  retentive  power  rapidly  diminishes  at  critical  tem- 
peratures characteristic  for  each  substance,  and  the  more 
volatile  chemical  vapors  are  removed  from  carbon  as  readily 
as  from  sihca  gel  at  moderate  temperature  elevations,  es- 
pecially when  aided  by  steam  distillation  or  vacuum.  Com- 
parative data  are  given  in  Table  V. 

Table  V — Removal  op  Sorbed  Vapors  from  Activated  Carbon  and 
Silica  Gel  by  Heating  at  150°  C. 
(Saturated  materials  exposed  in  a  thin  Uyer  in  a  ventilated  oven  and 
heated  for  1  hour  at  150°  C.) 

Percentage  Solvent         Percentage  Solvent 
Held  at  Saturation  by    Retained  at  150°  C. 
Solvent  Carbon  B       Gel  B  Carbon  Gel 

Methanol 50.0  20.0  1.21  1.50 

Ethanol 50.0  20.0  1.05  1.54 

Isopropanol 50.0  20.0  1.15  1.75 

Ethyl  acetate 57.5  25.0  4.87  2.84 

Acetone 51.0  20.0  2.93  1.20 

Acetic  acid 70.0  25.0  2.23  .75 

In  the  case  of  materials  immiscible  with  water,  steam  or 
hot  water  provides  the  simplest  and  most  rapid  method  of 
introducing  the  required  heat.  Moreover,  the  drying  of  the 
carbon  after  the  removal  of  the  adsorbed  materials  by  steam 
or  water  is  in  many  cases  unnecessary,  owing  to  the  non- 
selective sorption  of  the  latter  and  its  easy  displacement  by 
preferentially  adsorbed  vapors.  This  possible  omission  of 
the  drying  step  constitutes  a  unique  economic  advantage  in 
certain  industrial  sorption  cycles  employing  carbon.  Sub- 
stances miscible  in  water  require  indirect  heating  or  rectifica- 
tion. 

Typical    Commercial   Applications    of    Gas-Adsorbent 
Types  of  Activated  Caebon 

There  are  five  general  fields  in  wliich  the  gas-adsorbent 
carbons  have  marked  technical  possibUities : 

1 — Recovery  of  Gases,  Solvents,  and  Vapors  in  Dilute 
Concentrations 

(c)  Recovery  of  gasoline  from  natural  gas;"''^  recovery  of 
solvents  such  as  petroleum  ethers,  benzene,  sidfuric  ether, 
ethyl  acetate,  alcohol,  etc.,  from  the  air.'^ 
Recovery  of  acetone,  butanol,  ethanol,  etc.,  from  waste 
gases  passing  out  of  fermenting  vats;'^  removal  of  sulfur 
compounds, '^  as  well  as  recovery  of  benzene  and  light  oil 
from  illuminating  gas;"  recovery  of  oxides  of  nitrogen, 
sulfur  dioxide,  etc. 

(6)  Abatement  of  objectionable  stenches  and  odors — e.  g.,  from 
rendering  plants,  etc.;"  purification  of  air  in  submarines; 
deodorizing  of  confined  spaces  in  refrigerating  rooms,  etc. 

(c)    Military,    firemen's,    and    industrial    protective    masks." 

2 — Purification  of  Gases 

(a)  Refining  of  helium." 

(6)  Purification  of  gases — e.  g.,  to  make  carbon  dioxide 
from  fermenting  vats  available  for  carbonated  waters; 
purifying  hydrogen  and  nickel  carbonyP"  for  hydrogena- 
tion  purposes;  purifying  ammonia"  before  its  catalytic 
oxidation,  etc. 

3 — Catalysis  of  Gas  Reactions 

(a)  Decomposition  or  oxidation  of  hydrogen  sulfide  to  yield 
free  sulfur." 

(6)  Decomposition  of  phosphine  (in  ammonia  and  acetylene 
purifications).^^ 

(c)    Oxidation  of  nitric  oxides^'  by  air  (500-fold  accelerations 
have  been  obtained  in  comparison  with  ordinary  tower 
•  processes). 

(i)  Chlorination  of  hydrocarbons,^*  also  of  carbon  monoxide 
in  the  manufacture  of  phosgene. 

(e)  As  a  general  means  of  facilitating  reactions  between  a  gas 
and  a  liquid  by  passing  the  two  couutercurrently  through 
a  column  of  granular  carbon.^*  Applicable  in  bleaching,  in 
sterilizing  water  and  other  liquids  with  chlorine,  in  the 
oxidation  of  drying  and  semidrying  oils,  in  the  decomposi- 
tion or  oxidation  of  mineral  oils  for  conversion  into  fatty 
acids,  etc.  The  usefulness  of  active  carbon  in  catalytic 
reactions  may  be  widely  extended  through  its  impregna- 
tion with  various  metals,  oxides,  and  salts. 

4 — Storage  of  Compressed  Gases — It  has  been  shown  that 
at  corresponding  pressures  more  of  certain  fixed  gases  can  be 
stored  in  a  cylinder  containing  highly  active  carbon  than  in  the 
same  cylinder  with  no  carbon  present.''     This  is  due  to  partial 
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liquefaction  of  the  gases  by  adsorption  at  high  pressures,  and  is 
exhibited  only  by  adsorbents  possessing  a  high  retentivity. 

5 — Evacuation  of  Vessels — This  is  allied  to  (4)  above,  the 
production  of  high  vacua  being  a  function  of  the  retentivity  of  the 
carbon.  In  these  uses  carbon  is  again  sharply  differentiated 
from  silica  gel,  which  has  a  low  evacuating  power  or  "prehensil- 
ity."'     The  carbon  may  be  used : 

(a)  For  cheaply  aud    simply    evacuating    commercial    heat- 
insulating  containers,  and 
{b)   In  various  forms  of  special  apparatus  where  a  sensitive 
method  of  regulating  the  vacuum  or  of  maintaining  it  in 
the  presence  of  slight  gaseous  decompositions  is  desired. 
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Fig.  7 — Relationship  between  Activity  and  Decolorizing  Power  of 
Activated  Carbons  for  Sugar  Solution 
All  carbons  of  approximately  same  apparent  density,   low  ash  content, 
and  pulverized  to  pass  200  mesh.     Five  per  cent  carbon  on  basis  of  solids 
present  used  in  decolorizing  tests. 

V— ADSORPTION  FROM  LIQUORS  AND  SOLUTIONS 

An  examination  of  the  voluminous  literature  upon  decolor- 
ization  of  sugar  and  other  solutions  by  carbon  suffices  to 
indicate  a  considerable  degree  of  confusion  and  incoherence  in 
the  technology  of  decolorizing  carbons.  Theoretical  dis- 
cussions of  the  inherent  properties  and  behaviors  of  such  car- 
bons have  notably  failed  to  produce  any  broad  generaliza- 
tions which  could  adequately  satisfy  the  known  facts.  In 
the  study  of  decolorizing  problems  in  this  laboratory,  one  of 
the  authors  has  employed  to  unique  advantage  the  system- 
atic variations  in  carbon  activity  and  structure  made  pos- 
sible by  precise  control  of  the  activating  processes,  and  has 
utilized  the  special  methods  of  evaluating  active  carbon 
described  in  Section  II.  He  has  found  that  the  various 
phenomena  relating  to  decolorizing  and  adsorptive  efficien- 
cies can  be  adequately  correlated  and  the  behavior  of  any 
decolorizing  carbon  fairly  accurately  predicted  under  diverse 
circumstances  on  the  basis  of  the  following  very  simple 
generafizations: 

1 — The  adsorptive  power  of  any  carbon  for  substances  in 
liquids  is  directly  proportional  to  its  activity  (as  defined  by 
the  retentive  capacity  of  the  carbon  for  gases),  provided  the 
units  of  the  substances  to  be  adsorbed  are  small  enough  or  the 
porosity  or  subdivision  of  the  carbon  is  great  enough  to  permit 
unobstructed  access  to  the  active  carbon. 

Two  special  cases  exist: 

(a)   If  the  dispersion  of  the  carbon — i.  e.,  its  porosity  or  fine- 
ness— passes  certain  limits,  its  adsorptive  power  becomes 


completely  defined  by  its  activity,  independently  of  the 
dimensions  of  the  particles  adsorbed. 
[Jo)  If  the  dispersion  of  a  carbon  is  limited,  its  adsorptive  power 
for  larger  particles  of  colloidal  dimensions  becomes  a 
function,  not  only  of  the  activity  of  the  carbon,  but  also  of 
its  apparent  density  and  of  its  fineness. 

2 — The  adsorptive  power  of  carbon  for  particles  bearing 
an  electrical  charge  is  diminished  if  the  carbon  bears  a  charge 
of  like  sign  and  increased  if  the  carbon  is  oppositely  charged. 

In  discussing  the  first  generalization,  reference  should  be 
made  to  Fig.  2  showing  the  correspondence  between  the  re- 
tentivity of  active  carbon  for  a  specifically  adsorbed  vapor 
such  as  toluene  and  its  capacity  for  removing  iodine  from 
solution.  This  illustrates  the  parallelism  between  the  specific 
adsorptive  power  of  carbon  for  gases  and  for  substances  in 
solution  when  the  adsorbed  molecules  are  of  equivalent  dimen- 
sions. 

Wherever  the  substances  to  be  adsorbed  are  of  molecular 
dimensions,  we  may  therefore  expect  the  retentivity  or  the 
activity,  as  represented  by  the  iodine  number,  to  be  a  true 
index  of  the  performance  of  any  carbon.  Fig.  5,  showing 
the  removal  of  a  soluble  oil  from  alcohol  by  carbons  of 
widely  varying  densities,  and  Fig.  6,  showing  that  the  removal 
of  gold  from  solution  is  proportional  to  the  retentivity,  illus- 
trate how  this  expectation  is  realized. 

Considering  the  adsorption  of  particles  of  coUoidal  dimen- 
sions, in  accordance  with  the  first  generalization  it  is  found 
that  all  carbons  of  equivalent  porosity  or  apparent  density 
possess  adsorptive  capacities  for  colloidal  particles  which 
are  directly  proportional  to  their  activity,  as  shovm  in  Fig.  7. 
If,  however,  carbons  of  various  apparent  densities  are  con- 
sidered, no  regular  correspondence  is  found  between  the 
density  or  the  activity  separately  and  the  decolorizing  power 
of  the  carbon.  This  is  shown  in  Table  VI,  where  a  variety  of 
technical  and  special  carbons  are  arranged  in  the  order  of 
diminishing  decolorizing  power  for  a  standard  sugar  solution 
(Column  4). 


Table  VI — Compak 

ATivE  Data  Regarding  Various  Activated  Carbo 

(All  carbons  pulverized 

to  pass  200  mesh,  a 

cid-extracted 

thorough 

washed,  and  dried  before  testing.) 

Color  Re- 

moved 

AD 

Ratio  of 

gar  So- 

Ash 

:200  to 

Activity 

lution 

Content 

Nature  op         2 

O-Mesh) 

Activity 

to  AD 

Per  cent 

Per  cent 

Carbon 

(1) 

(2) 

(3) 

(4) 

(5) 

Activated  wood 

charcoal 

0.3S2 

73.0 

191 

91.0 

1.44 

Activated   coconut 

charcoal 

0.548 

95.0 

173 

90.0 

0.83 

Activated  wood 

0.426 

64.0 

150 

89.4 

2.30 

Kelpchar 

n.216 

59.0 

273 

88.2 

12.96 

Norit 

0.393 

65.6 

167 

88.2 

3.38 

Activated  soft  coal 

0.413 

60.0 

145 

86.9 

23.75 

0.472 

67.5 

143 

86.8 

2.97 

0.419 

53.1 

127 

86.1 

0.75 

0.528 

65.9 

125 

86.1 

2.15 

Activated  wood 

charcoal 

0.376 

46.5 

123 

85.3 

1.32 

0.471 

56.0 

118 

85.2 

0.88 

0.503 

58. 5 

116 

85.4 

4.03 

0.470 

44.0 

93.6 

85.7 

36.63 

Activated  wood 

0.570 

57.0 

100 

83.3 

1.74 

charcoal 

0.647 

(12.5 

96 

76.5 

1.04 

Activated   coconut 

charcoal 

0.766 

72  9 

93 

62.3 

2  14 

Activated  syn- 

thetic coke 

0.714 

43. 5 

68 

33.3 

9.19 

The  order  of  the  densities  in  Column  1  and  of  the  activities 
In  Column  2  does  not  diminish  with  any  corresponding 
regularity.  If,  however,  as  in  Column  3,  we  take  the  ratio  of 
the  values  in  Column  2  to  those  in  Column  1,  we  find  the  val- 
ues of  this  ratio  lie  on  a  fairly  smooth  curve  when  plotted 
against  decolorizing  power.     This  is  shown  in  Fig.  8.     In 
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other  words,  the  adsorptive  power  of  carbon  for  particles  of 
colloidal  dimensions  is  a  mathematical  function  of  the  ratio 
of  its  activity  to  its  apparent  density,  fineness  being  constant. 

The  second  generalization — namely,  that  a  given  carbon 
will  be  most  effective  as  an  adsorbent  if  it  carries  an  electrical 
charge  opposite  in  sign  to  that  carried  by  the  particle  to  be 
adsorbed — will  be  accepted  as  axiomatic. ''•^'•■'  The  justi- 
fication for  tliis  statement  is  the  fact  that  it  accounts  for  the 
only  variables  in  the  performance  of  decolorizing  carbons 
which  are  not  adequately  covered  in  the  first  generalization. 
Active  carbon  may  be  neutral,  or  maj^  readily  become  posi- 
tively or  negatively  charged  by  the  adsorption  of  hydrogen 
or  hydroxyl  ions  from  solution.  This  explains  why  the  de- 
colorizing power  of  aU  carbons  for  sugar  solutions  is  increased 
when  the  solution  is  acid.  The  coloring  matter  consists 
mainly  of  negatively  charged  colloids.  On  the  other  hand, 
the  color  particles  in  cottonseed  oil  are  positively  charged, 
and  its  acidification  decreases  the  decolorizing  power  of  the 
carbon.  The  carbon  may  be  caused  to  assume  the  desired 
electrical  charge  prior  to  its  introduction  into  any  given 
solution  or  hquid.  The  effect  of  such  treatment  on  adsorp- 
tive power  is  shown  in  Fig.  9,  and  is  readOy  demonstrated  by 
the  effect  upon  the  adsorption  of  ionized  coloring  matters 
such  as  Ponceau  Red,  which  is  positive,  and  Methylene 
Blue,  the  colored  ion  of  which  is  negative. 

The  somewhat  anomalous  reverses  in  the  order  of  decoloriz- 
ing power  observed  between  different  carbons  when  used  for 
certain  oils  and  in  aqueous  solution  will  find  complete  ex- 
planation when  the  effect  of  the  electrical  charge  is  considered. 
The  fact  that  a  given  carbon  is  electrically  charged,  for  exam- 
ple, does  not  influence  its  adsorptive  capacity  when  it  happens 
to  be  reacting  toward  neutral  particles,  but  becomes  of  de- 
cided moment  when  it  is  employed  to  adsorb  particles  which 
carry  an  electrical  charge. 

Since  the  ability  to  assume  such  electrical  charges  is  com- 
mon to  all  forms  of  active  carbon,  the  differences  in  adsorptive 
power  caused  merely  by  differences  in  electrical  charge 
on  the  carbon  are  not  fundamental  in  estimating  the 
intrinsic  character  of  the  carbon.  Such  effects,  nevertheless, 
have  been  a  fruitful  source  of  confusion  in  comparative 
evaluation  of  many  special  decolorizing  carbons.  The 
generalizations  above  permit  the  selection  of  tests  which 
are  ^criteria  of  the  fundamental  properties  of  the  carbon  and 
are  not  merely  pecuUar  to  the  special  characteristics  of  a 
given  Liquid  or  adsorbable  substance.  They  also  facOitate 
the  inteUigent  speciaUzation  of  the  properties  of  the  carbon 
for  specific  uses  by  appropriate  selection  of  the  raw  materials 
and  modifications  of  the  activation  processes. 

The  fallacious  character  of  such  generaUzations  as  those 
attemjjtmg  to  relate  decolorizing  value  to  nitrogen  content 
has  been  adequately  treated  by  others.^"  A  recent  observa- 
tion'' attempting  to  relate  the  decolorizing  power  of  carbon 
to  the  hydrogen  content  of  the  carbon  is  a  special  case, 
vaUd  only  for  carbons  made  by  the  same  process  from  the 
same  raw  material  over  a  limited  range  of  conditions.  Its 
significance  depends  upon  the  fact  that  activation  involves  the 
elimination  of  hydrocarbons  by  one  means  or  another,  and 
therefore  increase  in  activity  goes  hand  in  hand  with  a  dimin- 
ished hydrogen  content. 

Selection  of  Decolorizing  Carbons 

It  will  be  evident  from  the  preceding  section  that  the 
physical  requirements  of  a  carbon  for  adsorption  from  solu- 
tions and  liquids  are  much  more  varied  than  is  the  case  for 
gas  adsorbent  carbons.  The  preferred  physical  form  of  the 
carbon  wiU  depend  upon  such  factors  as  the  size  of  the  parti- 
cles to  be  adsorbed,  the  viscosity  of  the  liquid,  the  nature  of 
the  methods  required  for  recovery  of  the  adsorbed  material 


from  the  carbon  and  revivification  of  the  latter,  and  the 
engineering  methods  employed  for  handling  the  carbon, 
whether  by  the  tower  system,  or  by  filtration  or  centrifuging 
the  carbon  from  the  hquid. 

For  removing  particles  of  molecular  dimensions  from 
liquids  of  high  mobility,  a  dense  granular  gas  carbon  will  be 
as  effective  as  the  finer  or  more  porous  forms  of  equal  acti- 
vation. If  the  carbon  is  easily  revivified  in  situ  by  moderate 
heating,  steam,  or  solvents,  the  granular  type  with  tower 
system  may  be  distinctly  indicated.  As  the  size  of  the  ad- 
sorbed particles  approaches  colloidal  dimensions,  increasing 
dispersion  of  the  carbon  is  necessary.  If  pulverulent  forms 
of  carbon  are  used,  resort  must  be  had  to  filter  press  or  simi- 
lar mechanical  systems  for  handling  the  carbon.  Even  for 
the  latter  type  of  carbon,  however,  the  physical  structure  is 
of  \'ital  importance.  If  the  carbon  is  devoid  of  structure  or 
too  soft  and  impalpable,  it  slimes  the  filter,  or  may  go  into 
colloidal  solution  in  certain  solvents.  Therefore,  a  definite 
structure  is  essential  to  good  filtering  properties.  Carbons 
made  from  raw  materials  lacking  in  pronounced  structural 
character,  such  as  soft  coal,  are  generally  poor  in  filtering 
quahty. 

Dispersion  of  solid  adsorbents  can  be  accomplished  in  two 
ways — by  increasing  the  porosity  of  the  particle,  and  by 
increasing  its  fineness.  Some  forms  of  decolorizing  carbon 
owe  their  effectiveness  in  adsorbing  colloidal  particles  to 
their  extreme  fineness,  coupled  with  relatively  low  porosity 
and  acti\-ity.  Others  of  less  minute  subdivision  owe  their 
value  to  higher  porosity  of  particle  and  higher  intrinsic 
acti\'ity.  The  latter  are  superior,  not  only  in  filtering 
qualities,  but  in  their  more  universal  appUcability,  as  they  are 
equally  effective  for  particles  of  colloidal  and  molecular 
dimensions. 

The  viscosity  of  the  liquid  is  also  a  determining  factor. 
The  rate  of  adsorption  is  dependent  upon  diffusion  velocities. 
It  may  be  desirable,  therefore,  to  increase  the  rate  of  adsorp- 
tion by  raising  the  temperature,  at  a  sacrifice  of  total  adsorp- 
tive capacity.  High  viscosity  in  the  liquid  requires  either 
an  increase  in  the  time  of  contact  or  in  the  degree  of  disper- 
sion of  the  carbon. 
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Fig.    S — Relationship    between     Ratio     of    Activity     to     Apparent 
Densitv  and  Sugar  Decolorizing  Power  op  Activated  Carbons 
AU  carhons  pulverized  to  pass  200-mesh  screen,  acid-extracted,  thoroughly 
washed  and  dried  before  testing.      Ten  per  cent  carbon  on  basis  of  solids 
present  used  in  decolorizing  a  very  dark  50°  Brix  mat  sugar  solution. 
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In  numerous  cases,  however,  technical  success  can  be 
achieved  only  by  the  use  of  special  types  and  not  all  the  com- 
mercial forms  of  decolorizing  carbon  are  in  any  sense  technical 
equivalents.  For  example,  some  decolorizing  carbons  on  the 
market  have  no  prospective  value  as  sugar  decolorizers  be- 
cause of  their  lack  of  good  filtering  properties,  although 
possessing  properties  which  fit  them  for  special  uses.    Where 
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Fig.    9 — Effect   of   Electrical    Chargb    dpon    the    Decolorizing 
Efficiency  of  Activated  Carbons  in  SO"  Brix  Mat  Sugar  Solution 
Carbons   pulverized  to   pass   200  mesh  and  freed  from  soluble  constit- 
uents before  testing. 

purity,  the  highest  possible  activity,  and  high  porosity  with 
good  mechanical  structure  are  required,  steam-activated 
wood  char  is  unapproached  in  quality  but  at  present  is  also 
most  expensive.  The  purification  of  acids  is  restricted  to 
those  carbons  which  are  both  free  from  soluble  ash  and  of 
high  acti\ity.  To  prepare  organic  chemicals  of  the  high- 
est purity  a  high  acti\-ity  is  usually  essential.  In  many  of 
the  hea^^e^  and  more  viscous  hquids,  such  as  glycol,  a  carbon 
of  excessive  fineness  and  softness  goes  into  colloidal  solution 
and  cannot  be  filtered  out.  In  the  treatment  of  edible  oils 
carbon  has  an  advantage  over  fuUer's  earth,  since  the  earthy 
flavor  imparted  by  the  latter  is  sometimes  unpleasing.  For 
water  filters  at  office  fountains,  etc.,  a  special  type  of  porous 
block  filter  can  be  made.  Methods  have  been  developed 
for  preparing  bonded  blocks  of  activated  carbon  of  any 
desired  size  and  porosity.  Steel  containers  of  any  shape  and 
dimension  can  be  filled  with  a  continuous  porous  mass  of 
active  carbon,  eliminating  all  dusting,  packing,  or  settling, 
such  as  may  occur  ■nith  loose  granular  carbon,  and  possessing 
ex-tremely  desirable  mechanical  properties  for  certain  uses. 
It  is  further  e\'ident  that  the  type  of  carbon  to  be  selected 
for  a  given  purpose  cannot  be  considered  apart  from  the 
development  of  the  appropriate  engineering  methods  for  its 
employment.  The  high  degree  to  which  the  mechanical 
methods  of  handling  bone  black  have  been  developed  in  sugar 
refining,  and  the  lack  of  equally  well  perfected  and  successful 
engineering  methods  for  handling  finely  powdered  materials, 
such  as  the  decolorizing  carbons,  gives  the  former  its  chief 
competitive  advantage.  The  question  of  ash  removal  is 
not  a  real  factor,  because  precipitated  calcium  phosphate  is 
much  more  effective  as  an  ash  remover  than  is  the  calcium 
phosphate  in  the  bone  black,  just  as  the  best  types  of  acti- 


vated carbons  are  more  efficient  decolorizers  than  the  carbon 
in  bone  black.  There  is  no  inherent  reason  why  ash  removal 
and  decolorization  should  be  combined  in  a  single  operation 
if  the  two  can  be  more  efficientlj'  performed  separately.  As 
the  technologj'  of  the  manufacture  of  decolorizing  carbons  of 
any  required  type  nears  solution,  the  extension  of  their  use 
has  largely  become  an  engineering  problem. 

To  recapitulate,  mechanical  form  and  structure  have  been 
shown  to'  be  as  significant  as  the  content  of  active  carbon 
itself  in  determining  the  industrial  applicatior^s  of  activated 
carbon.  It  has  been  shown  that  the  required  densities  of  the 
gas-adsorbent  types  fall  -n-ithin  a  relatively  narrow  range, 
whereas,  for  employing  in  hquids,  the  preferred  physical  prop- 
erties may  vary  from  the  high  densities  of  the  ideal  gas 
adsorbent  to  the  high  porosity  and  subdivision  desired  of  a 
good  sugar  decolorizing  carbon.  The  principal  reason  for 
this  mder  range  of  physical  properties  required  of  adsorbents 
employed  in  liquids  is  the  enormously  wider  range  in  size  of 
particles  which  the  latter  type  is  required  to  adsorb.  The 
versatility  of  service  expected  of  this  class  of  carbons  can  be 
more  clearly  ^^sualized  by  a  resum6  of  a  few  typical  appli- 
cations. 

Industrial  Appucations  for  Activated  Carbon  in 
Liquids 

(1)  Making  white  sugar  directly  from  cane  jiuce;  ultimately 
its  use  in  part  or  whole  in  refineries. 

(2)  Purification  of  both  organic  and  inorganic  acids,  such  as 
lactic,  citric,  acetic,  tartaric,  phosphoric,  etc. 

(3)  Purification  of  a  great  variety  of  organic  liquids — alcohols, 
acetone,  cane,  maltose  and  glucose  sirups,  glycerol,  glycol,  etc. 

(4)  Decolorization  of  waxes,  gelatin,  glue,  etc. 

(5)  Removing  objectionable  colors  and  flavors  from  edible 
oils  and  fats. 

(6)  Decolorizing  and  purifying  petroleum  oils. 

(7)  Water-piuifying  filter,  removing  tastes,  odors,  and 
bacteria. 

(8)  Recovery  of  rare  metals  such  as  gold  from  dilute  solutions. 

(9)  Recovery  of  alkaloids  from  solution. 

(10)  Pharmaceutical  and  medical  reagents  and  preparations. 

The  technical  possibiUties  of  all  these  uses  have  been  proved 
on  a  laboratory  scale.  Some  are  in  the  industrial  stage  and 
some  depend  upon  current  market  conditions  or  the  requi- 
site engineering  development  for  commercial  success. 

The  pharmaceutical  and  medical  applications  are  for  the 
most  part  stQl  in  the  laboratory  stages.  A  few  uses  have  al- 
ready appeared.  The  possibiUties  of  a  physical  and  physio- 
logically inert  adsorbent  of  high  puritj'  and  high  adsorbent 
activity  nonselective  as  to  water  are  so  numerous,  both  as  a 
reagent  and  for  direct  therapeutical  application,  that  further 
developments  in  this  field  may  be  reasonably  anticipated. 

To  meet  the  requirements  of  this  range  of  industrial  service, 
the  activation  of  carbon  by  the  Chaney  processes  of  selective 
oxidation  is  uniquely  adapted,  because  it  possesses  the  lati- 
tude in  choice  of  raw  materials  and  the  flexibihty  of  treat- 
ment by  which  any  desired  combination  of  physical  properties 
and  activation  can  be  secured. 
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The  Estimation  of  Pentoses  and  Pentosans 

II — The  Determination  of  Furfural 

By  Norville  C.  Pervier  and  Ross  A.  Gortner 

University  op  Minnesota,  Minneapolis,  Minn. 


Several  rxeu)  volumetric  methods  jor  the  determination  of  furfural 
in  dilute  aqueous  solution  were  tested  out.  Iodine  in  alkaline 
solution  could  not  be  used  because  the  results  could  not  be  accurately 
duplicated.  The  trials  with  acid  permanganate  were  also  unsuc- 
cessful, owing  to  catalytic  reduction  of  the  permanganate  by  furfural. 
The  use  of  potassium  bromate  in  acidified  furfural  solutions  con- 
taining potassium  bromide  was  eminently  successful. 

Specific  directions  are  given  for  obtaining  theoretical  yields  of 
furfural  from  pentose  materials  and  for  the  volumetric  determination 
of  this  substance  in  the  resulting  distillates.  Representative  results 
of  determinations  on  pure  pentoses  and  pure  furfural  are  recorded 
which  seem  to  justify  the  use  of  the  following  theoretical  factors  for 
the  conversion  of  potassium  bromate  used  to  furfural,  pentose,  pen- 
tosan, or  the  corresponding  methyl  derivatives: 


Factors  for  Converting  Grams  of  KBrOa  Used 
Method  of  Calculation  Factor 


Furfural 

3C6H,0!:  KBrOj 

1.7254 

0.236890 

Pentose 

3CtHioOs:KBr03 

2.6961 

0.430736 

Pentosan 

3CsH804:  KBrOs 

2.3726 

0.375225 

Methylfurfural 

SCaH.Oi:  KBrOj 

1.9758 

0.295743 

Methylpentose 

SCsHuOs:  KBr03 

2.9481 

0.469542 

Methylpentosan 

SCsHioO.:  KBrOa 

2.6244 

0.419024 

Rhamnose  hydrate 

3CoH,30sH20:KBr03 

3.2717 

0.514782 

Factors  for  Converting  Cubic  Centimeters 

OF  0.1  N  KBrOj  Used 

Furfural 

0.0027837  X  Factor 

0.004803 

3.681513 

Pentose 

0.0027837  X  Factor 

0.007605 

3.875351 

Pentosan 

0.0027837  X  Factor 

0.006605 

3.819873 

Methylfurfural 

0.0027837  X  Factor 

0.005500 

3.740363 

Methylpentose 

0.0027837  X  Factor 

0.008207 

3.914184 

Methylpentosan 

0.0027837  X  Factor 

0.007305 

3.863620 

Rhamnose  hydrate 

0.0027837  X  Factor 

0.009107 

3.959375 

M 


ANY  reagents  have  been  proposed  for  the  estimation 
of  the  furfural  obtained  from  the  acid  distillation  of 
pentose.    The  principal  ones  are  reviewed  below. 

Ammonia — The  earliest  method  proposed  was  that  ot  Stone 
and  Tollens  (1888),*  which  involved  the  precipitation  of  the 
furfural  by  ammonia  and  subsequent  weighing  of  the  resulting 
furfuramide.  The  method  was  quite  unsatisfactory  owing  to 
incomplete  precipitation  of  the  furfural  [Giinther,  de  Chalmot 
and  Tollens  (1891),  Stone  (1891)]. 

PhEnylhydrazine — This  was  proposed  by  the  work  of  Fischer 
(1884).  Gunther  and  Tollens  (1890)  and  Giinther,  de  Chalmot, 
and  Tollens  (1891)  titrated  furfural  with  a  standardized  phenyl- 
hydrazine  solution  using  aniline  acetate  paper  as  indicator. 
Stone  (1891)  used  Fehling's  solution  to  determine  the  end  point. 
Ling  and  Nanji  (1921)  precipitated  the  furfural  and  determined 
the  excess  phenylhydrazine  by  iodometry.  Flint  and  ToUens 
(1892)  and  others  have  shown  that  the  use  of  this  reagent  in 
volumetric  estimations  is  rather  unsatisfactory  owing  to  in- 
stability of  the  solution  and  the  fact  that  it  reacts  with  levu- 
linic  acid  arising  from  hexoses,  giving  an  indefinite  end  point. 
Phenylhydrazine  was  also  used  as  a  gravimetric  reagent 
[de  (ihalmot  and  Tollens  (1891),  de  Chalmot  (1893,  1894)]. 
Gunther,  de  Chalmot,  and  Tollens  (1891),  Flint  and  Tollens 
(1892),  and  Mann,  Kriiger,  and  Tollens  (1896)  undertook  com- 
parative studies  of  all  the  phenylhydrazine  methods,  and  con- 
cluded that  the  gravimetric  method  was  best.  However,  the 
furfural  hydrazone  was  difficult  to  dry  properly  and  conversion 
factors  had  to  be  determined  experimentally.  This  reagent  has 
also  been  used  in  the  gaseometric  determination  of  furfural 
[Gregore  and   Carpiaux   (1898),   Menaul  and   Dowell    (1919)]. 

PvROGALLOL — Hotter  (1893)  heated  acidified  furfural  solu- 
tions with  pyrogallol  in  sealed  tubes  at  110°  C.  and  weighed  the 
resulting  precipitates. 

Semioxamizine — This  was  used  by  Kerp  and  Unger  (1897), 
who  obtained  low  results  with  its  use.     Kreeman  and  Klein 


'  Part  I  of  this  article 
Joornal. 

*  For  references  see  bibhography  at  end  of  artici 


published  in  the  previous  issue  of  This 


(1917)  also  used  it  in  their  study  of  the  kinetics  of  the  reaction 
whereby  pentoses  are  transformed  into  furfitfal. 

Phloroglucinoi, — Wheeler  and  Tollens  (1889)  first  applied 
phloroglucinol  as  a  color  test,  and  Councler  (1894)  adapted 
the  test  to  the  gravimetric  estimation  of  furfural.  The  method 
was  studied  by  Welbel  and  Zeisel  (1895),  Mann,  Kriiger, 
and  ToUens  (1896),  Tollens  (1902),  and  Grund  (1902).  _  The 
first  of  these  found  that  methylfurfural  was  also  precipitated 
so  that  methvlpentoses  could  be  determined  by  the  same  method 
[Votocek  (1897),  Widtsoe,  and  Tollens  (1900)].  Krober  (1900, 
1901)  amplified  and  perfected  the  whole  pentose  procedure  and 
determined  by  actual  experunent  the  factors  and  tables  for  the 
conversion  of  various  weights  of  phloroglucinol  precipitate  into 
the  corresponding  weights  of  arabinose,  xylose,  pentose,  and  pen- 
tosan. Krober's  results  were  verified  by  Krober,  Rimbach, 
and  Tollens  (1902,  1902o).  Mayer  and  Tollens  (1907)  then  ex- 
tended the  Krober  procedure  to  include  fucose,  while  Ellett 
and  Tollens  (1905)  did  the  same  for  rhamnose.  The  latter  in- 
vestigators further  found  that  both  methylpentoses  and  pentoses 
could  be  estimated  in  the  same  sample  by  applying  Votocek's 
(1897)  observation  on  the  relative  solubilities  of  methylfurfural 
and  furfuralphloroglucide  in  95  per  cent  alcohol  at  60°  C.  Ishida 
and  ToUens  (1911)  advised  the  use  of  a  Soxhlet  apparatus  in  the 
alcoholic  extraction,  but  Schorger  (1917)  showed  that  this  is  less 
accurate  than  simple  maceration  of  the  precipitate  with  alcohol. 
Schorger  further  claimed  that  the  procedure  of  EUett  and  Tollens 
gave  results  which  were  too  high  for  both  pentose  and  methyl- 
pentose. Pinoff  (1905)  studied  the  reaction  between  furfural 
and  phloroglucinol  in  alcoholic  solution.  Boddinger  and  Tollens 
(1910)  proposed  shortening  the  time  required  for  precipitation 
by  heating  the  solution,  but  this  modification  has  been  criticized 
[Wichter  and  Tollens  (1911),  Schorger  (1917)].  Welbel  and 
Zeisel  (1895)  advised  weighing  the  precipitate  in  a  weighing  bottle 
because  they  believed  it  to  be  oxidized  during  drying  and  weighing 
in  air.  This  contention  was  supported  by  Goodwin  and  ToUens 
(1904)  and  by  Cunningham  and  Doree  (1914),  but  denied  by 
Mann,  Kriiger,  and  ToUens  (1896),  and  Krober  (1900).  Krober 
(1901)  found  that  on  exposure  to  the  air  the  precipitate  took  up 
moisture  which  was  later  removed  with  difficulty. 

This  conflicting  evidence  prompts  the  suspicion  that  the 
furfuralphloroglucinol  precipitate  does  not  have  a  fixed  chemical 


1256 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  12 


composition.  Various  molecular  proportions  between  furfural 
and  phloroglucinol  are  cited  by  different  writers,  who  further 
disagree  as  to  the  number  of  water  molecules  that  are  eliminated 
in  the  reaction.  Goodwin  and  ToUens  (1904)  claimed  that  one 
molecule  of  water  split  out  at  ordinary  temperature  while  at  80° 
C.  three  were  lost.  Krober,  in  compiling  his  tables  and  formulas, 
assumed  that  two  molecules  were  eliminated.  Evidently,  no 
two  have  had  the  same  pure  compound  for  analysis.  The  latest 
work  is  that  of  Votocek  and  Potmesil  (1916)  in  which  furfural 
was  used  to  precipitate  phloroglucinol  from  acid  solution.  These 
experimenters  found,  from  a  large  number  of  determinations, 
that  the  ratio  of  condensation  product  to  phloroglucinol  was 
"about  2  : 1."  Goodwin  and  Tollens  and  Krober  stated,  however, 
that  the  variable  composition  of  the  precipitate  could  probably 
be  disregarded  without  introducing  any  appreciable  error.  This 
is  due  to  the  purely  empirical  nature  of  the  method. 

Barbituric  Acid  Derivatives — The  use  of  barbituric  acid 
was  suggested  by  Conrad  and  Reinbach  (1901),  and  developed 
by  Jager  and  Unger  (1902,  1903).  Fromherz  (1907),  and  Dox 
and  Plaisance  (1916)  criticized  the  method,  and  the  latter  in- 
vestigators also  found  malonylguanidine  to  be  unsatisfactory. 
They  found,  however,  that  thiobarbituric  acid  precipitated 
furfural  quantitatively  from  acid  solution  as  a  definite,  crystal- 
line chemical  compound.  They  also  suggested  that  the  pro- 
portions of  methylfurfural  and  furfural  present  could  be  calcu- 
lated from  the  nitrogen  and  sulfur  content  of  the  precipitate. 
Hydroxymethylfurfural  did  not  interfere. 

Sodium  Bisulfite — JoUes  (1905)  proposed  the  addition  of  an 
excess  of  standard  sodium  bisulfite  solution  to  a  neutralized 
aliquot  of  the  distillate  and  titration  of  the  excess  by  iodine. 
He  also  estimated  both  pentoses  and  methylpentoses  by  pre- 
cipitating the  former  as  barium  pentosate  [Bey  (1900)]  and  per- 
forming a  double  distillation  [Jolles  (1907)).  The  method  was 
studied  by  Tolman  and  Trescott  (1906)  and  Kerp  and  Wohler 
(1909),  who  found  that  conditions  had  to  be  closely  duplicated 
to  obtain  concordant  results. 

Fehling's  Solution — The  reduction  of  Fehling's  solution 
by  furfural  was  proposed  as  a  possible  method  by  Flohil  (1911) 
and  further  studied  by  Eynon  and  Lane  (1912)  and  by  Baker 
and  Hulton  (1916),  who  found  the  presence  of  sodium  chloride 
to  be  an  influencing  factor. 

Silver  Oxide — The  oxidation  of  furfural  by  ammoniacal 
silver  oxide  was  used  in  a  volumetric  procedure  by  Cormack 
(1900),  who  titrated  the  excess  silver  by  thiocyanate  after  fil- 
tration of  the  silver  precipitate.  Cormack's  method  has  never 
been  applied  to  the  determination  of  pentoses. 

Present  Official  Method 

The  method  of  the  Association  of  Official  Agricultural 
Chemists  (1920)  is  essentially  the  Krober  modification  of 
the  ToUens  method.  To  the  distillate  obtained,  as  pre- 
viously described,  an  amount  of  phloroglucinol  double  that 
of  the  furfural  expected  is  then  added  and  the  volume  made 
up  to  400  cc.  with  12  per  cent  hydrochloric  acid  and  allowed 
to  stand  over  night.  The  amorphous  precipitate  is  filtered 
off,  washed,  dried,  and  weighed  in  a  tared  Gooch  crucible. 
After  applying  a  solubility  correction,  the  corresponding 
weight  of  pentose  or  pentosan  is  calculated  using  Krober's 
factors. 

The  principal  points  of  criticism  of  the  present  method  are : 

1 — The  method  is  empirical  and  is  not  based  on  the  molecular 
weight  of  the  condensation  product;  moreover,  solubility  cor- 
rections are  necessary  [Dox  and  Plaisance  (1916)]. 

2 — Theoretical  yields  of  furfural  are  rarely,  if  ever,  obtained. 

3 — The  actual  yields  of  furfural  are  conditioned  by  the  rate 
of  distillation  and  by  the  concentration  of  acid  [de  Chalmot 
(1893,  1894),  Councler  (1894),  Welbel  and  Zeisel  (1895),  Wenzel 
and  Lazar  (1913),  Falada,  Stein  and  Ravniker  (1914),  van 
Haarst  and  Olivier  (1914),  Kreeman  and  Klein  (1917)].  The 
usual  yields  of  furfural  obtained  are  recorded  in  Table  I.' 

4 — The  various  pentoses  all  yield  different  amounts  of  fur- 
fural. Krober,  therefore,  as  well  as  Tollens  (1896),  had  to  use 
a  different  factor  in  his  calculations  for  each  specific  sugar. 
Hence  an  unknown  material  should  be  examined  qualitatively. 
All  the  recorded  data  on  the  pentosans  in  wood  are  unreliable, 
since  woods  usually  contain  both  araban  and  xylan  [Schorger 
(1917),  Schwalbe  (1919)].  The  presence  of  certain  substances 
in  the  sample  may  prevent  the  liberation  of  the  furfural  [Seil- 
liere  (1909)]. 

•  See  Part  I  in  the  preceding  issue  of  This  Journal, 


5 — Phloroglucinol  precipitates  substances  other  than  furfural 
which  are  frequently  present.  Hydroxymethylfurfural,  pro- 
duced from  hexose  materials,  is  the  chief  one  of  these.  [Diill 
(1895),  Kiermayer  (1895),  Muther  and  Tollens  (1904),  van 
Ekenstein  and  Blanksma  (1910),  Jager  and  Unger  (1902), 
Krober,  Rimbach  and  Tollens  (1902)].  The  interference  of  this 
substance  has  been  avoided  by  fermentation  of  the  hexoses 
[Spoehr  (1919)]  and  by  redistilling  the  distillates  [Fraps  (1901), 
Cunningham  and  Doree  (1914),  Oshima  and  Konds  (1918)], 
The  former  method  is  inaccurate  owing  to  fermentation  of  pen- 
toses [Gillet  (1917),  Cross  and  Tollens  (1912),  Pellet  (1916)], 
while  in  the  latter  method  furfural  is  destroyed  [Fraps  (1901), 
van  Haarst  and  Olivier  (1914)].  Moreover,  the  fact  that  hy- 
droxymethylfurfural phloroglucide  is  soluble  in  alcohol  casts 
doubt  on  the  existing  methylpentosan  data  [Cunningham  and 
Doree  (1914)],  Schorger  (1917)  further  points  out  that  woods 
have  never  been  proved  to  contain  methylpentosans, 

6 — Substances  other  than  pentose  may  yield  furfural  in  the 
distillation.  Glucuronic  acid  is  the  only  compound  for  which 
this  has  been  proved  [ToUens  (1909)],  although  o,\ycellulose, 
fats  and  oils,  and  their  decomposition  products  are  said  to  yield 
furfural  [Bray  and  Staidl  (1922)], 

Experimental 

Preliminary  Tests 

In  the  search  for  a  satisfactory  method  for  the  determina- 
tion of  furfural,  several  procedures  were  tested  out. 


1 / 

1 T7 — \ 


Fig,  1 — FuEFURAL  Titrations  with  Hypoiodite 

Sodium  Hypoiodite — It  was  at  first  thought  that  iodine 
would  be  suitable.  This  reagent  reacted  with  furfural  only 
in  alkaline  solution.  Moreover,  the  amount  of  iodine  taken 
up  was  almost  a  direct  function  of  the  alkaUnity,  if  the  latter 
was  low,  as  indicated  in  Fig,  1,  while  in  strongly  alkaline 
solutions  concordant  results  could  not  be  obtained.  Although 
the  amount  of  iodine  used  up  appeared  to  approach  a  max- 
imum, the  results  could  not  be  accurately  duphcated. 

Acid  Permanganate — Acid  permanganate  was  then 
tried,  but  soon  abandoned  because  large  and  indefinite  vol- 
umes of  permanganate  were  reduced  to  manganese  dioxide 
by  small  quantities  of  furfural. 

Potassium  Bromate — At  this  point  the  use  of  potassium 
bromate  was  suggested  by  the  work  of  Okuda  (1919)  on  the 
oxidation  of  cystine.  This  reagent  reacts  as  foUows  in  acid- 
ified potassium  bromide  solution  [Treadwell  and  Hall  (1919)]: 

KBrOs  -f  5KBr  -|-  6HC1  =  SBn  +  6KC1  -|-  3HjO 
According  to  Wedekind  (1901)  furfural  can  be  readily  ox- 
idized and  brominated  in  aqueous  solution.     It  was  there- 
fore hoped  that  the  reaction  between  furfural  and  bromine^ 

<  After  the  work  of  the  writers  was  completed,  attention  was  called  to 
the  work  of  Van  Eck  ["Versl.  v.  d.  Verricht.  v.  h,  Centr.  lab.  v.  d.  Volks- 
gezondh.,"  1918;  C.  A.,  14,  509  (1920)],  who  attempted  to  determine  fur- 
fural by  adding  an  excess  of  0.1  N  bromine  in  potassium  bromide  and  de- 
termining the  excess  bromine  over  that  reacting  with  the  furfural.  Details 
of  his  method  are  not  available.  The  writers  have  been  unable  to  secure 
satisfactory  results  by  any  method  which  involves  adding  an  excess  of  bro- 
mine. 
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could  be  made  the  basis  of  a  satisfactory  method  for  the 
determination  of  furfural,  provided  an  accurate  means  of 
finding  the  end  point  could  be  de\'ised.  Okuda  used  the 
yellow  color  due  to  free  bromine  as  indicating  the  end  point. 
In  a  preliminary  test  it  was  found  that  this  could  more  accu- 
rately be  found  by  the  use  of  a  simplified  electrometric  appa- 
ratus. With  the  use  of  the  latter,  a  study  of  the  optimum 
conditions  for  the  titration  of  furfural  by  potassium  bromate 
in  acidified  potassium  bromide  solution  was  undertaken. 

Materials 

Two  specimens  of  furfural  were  used,  one  of  which  was 
obtained  from  a  supply  house,  wliile  the  other  had  been 
prepared  by  graduate  students  working  in  the  department 
of  chemical  engineering.  Both  samples  distilled  at  159° 
to  160°  C,  giving  pale  straw-colored  distOlates.  Under 
reduced  pressure  these  gave  water-white  distUlates,  which 
were  used  in  making  up  the  furfural  solutions.  All  the 
solutions  titrated  had  been  freslily  prepared  from  colorless 
furfural  only  a  few  horn's  pre\'iously.  Old  furfural  solutions 
usually  gave  results  which  were  somewhat  in  excess  of  the 
theory.  A  weighed  quantity  of  the  furfural  was  dissolved 
in  distilled  water  and  made  up  to  a  definite  volume,  from 
which  aliquots  were  withdrawn  for  analysis. 

"Chemically  pure"  potassium  bromate  was  used,  which, 
after  drying,  gave  on  analysis  99.99  per  cent  KBrOa.  The 
0.1  A'^  solution  requires  2.7837  grams  per  Uter.  The  bromate 
solution  was  standardized  according  to  the  method  recom- 
mended by  Merck  (1914),  in  which  30  to  40  cc.  are  added  to 
an  acidified  potassium  iodide  solution  and  the  mixture  is 
allowed  to  stand  several  minutes,  after  which  it  is  diluted  and 
the  iodine  titrated  with  standard  thiosuKate  in  the  usual 
manner. 

A  20  per  cent  solution  of  potassium  bromide  free  from  bro- 
mate was  used. 

Apparatus 

The  apparatus  used  consists  of  a  galvanometer,  a  tapping 
key,  and  two  platinum  wires,  one  of  which  is  sealed  into  the 
side  of  a  small  pipet  and  held  at  a  fixed  potential  by  immersion 
in  an  acidified  solution  of  20  per  cent  potassium  bromide 
containing  a  trace  of  free  bromine.  The  other  platinum 
wire  is  immersed  in  the  solution  to  be  titrated  in  a  beaker. 
The  potential  of  this  wue  depends  upon  the  composition  of  the 
solution  being  titrated.  A  small  electric  stirrer  insures  thor- 
ough mixing  of  the  unknowii  solution. 

Before  beginning  the  titration,  depression  of  the  tapping 
key  ■will  cause  the  galvanometer  to  deflect  several  divisions 
to  the  right  or  left,  depending  upon  the  exact  manner  in  which 
the  coimections  are  made,  whereas  after  the  titration  is  com- 
pleted, the  presence  of  an  excess  of  bromine  m  the  beaker 
win  cause  a  throw  of  the  needle  in  the  opposite  direction. 

Table  VI — Effect  of  Acidity  on  the  Titration  of  Furfural  Solutions 


(0.1002  gram  of  furfural  used  in  each  c 

ase) 

Furfural  Found 

HCl 

0.1  N  KBrOj 

(Factor  =  0.004803) 

Recovery 

Per  cent                Cc. 

Gram 

Per  cent 

1.4 

20.70 

0.0994 

99.2 

1.4 

20.75 

0.0997 

99.5 

1.4 

20.85 

0.1001 

100.0 

1.5 

20.70 

0 . 0994 

99.2 

2.6 

20.80 

0.0999 

99.7 

2.6 

20.88 

0.1003 

100.1 

2.7 

20,85 

0.1001 

100.0 

2.8 

20.83 

0.1000 

99.9 

4.0 

20.55 

0.0987 

98.5 

4.1 

21.00 

0.1009 

100.7 

4.2 

20.80 

0.0999 

99.7 

4.3 

20.95 

0.1006 

100.4 

5.0 

21.00 

0.1009 

100.7 

5.2 

22.60 

0.1085 

108.4 

5.2 

22.25 

0.1069 

106.7 

5.3 

22.15 

0.1064 

106.2 

6.8 

24.52 

0.1178 

117.6 

7.0 

25.00 

0.1201 

119.8 

7.0 

25.40     • 

0.1220 

121.8 

7.2 

24.80 

0.1191 

118,9 

Obviously,  when  depression  of  the  key  causes  no  deflection, 
the  potential  of  both  platinum  wires  is  the  same  and  the  con- 
centration of  free  bromine  in  the  solution  being  titrated  is 
practically  equal  to  that  in  contact  with  the  other  platinum 
wire  in  the  pipet.     This  is  the  end  point. 

Method 

In  the  prehminary  experiments  the  titrations  were  carried 
out  as  follows:  The  bromate  solution  was  added  to  the  fur- 
fural solution  rather  slowly  until  near  the  end  point,  when 
three  to  five  drops  were  added  at  a  time  until  the  point  was 
found  at  which,  at  the  end  of  2  minutes,  a  mere  trace  of  free 
bromine  was  present  as  indicated  by  no  deflection  of  the 
needle  on  closing  the  galvanometer  circuit.  This  was  taken 
as  the  end  point.  Since  the  molecular  ratio  of  furfural  to 
potassium  bromate  was  unknown,  equal  quantities  of  furfural 
were  always  used  so  that  the  buret  readings  would  serve  as 
an  index  to  the  accuracy  of  the  work.  The  factor  for 
converting  the  standard  bromate  solution  into  furfural  was 
computed  later  (Table  XI).  It  was  used  in  tliis  place  to 
facUitate  comparisons. 

Factors  Affecting  the  Titr-^tion 

Acidity  of  the  Solution — To  10-cc.  volumes  of  a  furfural 
solution  10  cc.  of  20  per  cent  potassium  bromide  were  added 
and  the  resulting  solution  diluted  to  about  100  cc.  Varjing 
amounts  of  hydrocliloric  acid  were  then  added  and  the  fur- 
fural was  titrated  with  potassium  bromate  as  already  de- 
scribed. After  titration  of  the  furfural,  10  cc.  of  the  solu- 
tion were  withdrawn  and  the  acidity  was  determined  by  ti- 
tration Tvith  standard  alkali.  The  results  are  showii  in  Table 
VI.  It  is  evident  that  the  degree  of  oxidation  of  the  furfural 
is  a  function  of  the  acidity  of  the  solution,  but  at  low  acidities 
(1.4  to  4.3  per  cent  hydrocliloric  acid)  the  process  stops  at 
the  first  stage  and  the  further  action  of  bromine  takes  place 


1«;=d^-^ 
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Fig.  2 — Titration  of  Furfural  ^ 


Bromine  CKBrOa  +  HCl) 


Table  VII — Effect  of  Specific  Acid  Used 
(0.1006  gram  furfural  used  in  each  case) 
Furfural  Found 


Per  cent     0.1  N  KBrOs      (Fac 

tor  =  0.00480 

3)     Recovery 

by  Weight 

Cc. 

Gram 

Per  cent 

Hydrochloric 

Acid 

3.8 

21.00 

0,1009 

100,3 

4,0 

20.75 

0.0997 

99,1 

4,1 

21.00 

0,1009 

100,3 

Average 

0,1005 

99,9 

Sulfuric  A 

cid 

5.0 

20.85 

0,1001 

99.5 

4.2 

20.85 

0,1001 

99.5 

4.5 

20.90 

0,1004 

100.2 

4.0 

20.75 

0,0997 

99.1 

3,3 

20,90 

0,1004 

100.2 

6,0 

21,00 

0,1009 

100.3 

4,1 

21,00 

0,1009 

100.3 

4,2 

20,80 

0,0999 

99,2 

Average 

0,1003 

99,8 
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Table  VIII — Effect  of  Concentration  of  Potassium  Bromide 
CO. 1002  gram  furfural  used  in  each  case) 
KBr         0.1  iV  KBrOj        Furfural  Found       Recovery 


r  cent 

Cc. 

Gram 

Per  cent 

2.0 

20.80 

0.0990 

99.7 

1.0 

20.75 

0.0997 

99.5 

0.7 

20.70 

0.0994 

99.2 

0.5 

20.90 

0.1004 

100.2 

0.4 

21.10 

0.1013 

101.2 

0.4 

21.40 

0.1028 

102.6 

0.3 

20.90 

0.1004 

100.2 

0.3 

22.00 

0.1037 

105.5 

0.2 

21.05 

0.1011 

100.9 

0.2 

21.35 

0.1025 

102.4 

Average 

0.1012 

101.1 

CCS  Potassium     Bromaie 


Fig.  3 — Ihustration  of  TypiCAi.  Experiment  Showing  How  the  End 
Point  of  the  Titration  Is  Obtained 

only  slowlj\  A  more  accurate  study  of  this  last  point  is 
discussed  later.  In  the  most  weakly  acid  solutions  the  re- 
action appeared  to  occur  rather  slowlj',  so  that  the  bromate 
could  only  be  added  drop  by  drop.  When  the  acidity  was 
3  to  4  per  cent,  however,  the  bromine  was  liberated  promptly 
and  therefore  much  less  time  was  required  for  the  titration. 
Moreover,  accurate  results  were  easily  obtained  provided  the 
acidity  did  not  exceed  4  per  cent.  This  acidity  was  therefore 
adopted  as  standard. 

Specific  Acid  Used — The  substitution  of  4  per  cent  sul- 
furic acid  by  weight  for  hydrochloric  acid  had  no  influence 
on  the  results,  as  is  shown  in  Table  VII. 

Concentration  of  Potassium  Bromide — The  second 
factor  studied  was  the  influence  of  the  concentration  of  po- 
tassium bromide  on  the  results.  Solutions  containing 
0.1002  gram  of  furfural,  10  cc.  of  20  per  cent  potassium 
bromide,  and  3  to  4  per  cent  hydrochloric  acid  in  total  vol- 
umes varying  from  100  to  1000  cc.  were  titrated  with  bro- 
mate. The  results  appear  in  Table  VIII.  It  is  apparent 
that  the  concentration  of  potassium  bromide  does  not  con- 
sistently affect  the  titration.  The  irregular  results  are  due 
to  the  fact  that  at  the  time  these  determinations  were  made 
the  end  point  had  not  been  carefully  studied.  A  concen- 
tration of  1  per  cent  potassium  bromide  was  used  in  all  sub- 
f" 'iient  determinations. 


Table  IX — Effect  op  Concentration  of 

Furfural 

(0.1002 

gram  furfural  used  in  each  case) 

Furfural  Found 

Furfural      0.1 

.V  KBrOi 

(Factor  0.004803) 

Recovery 

Per  cent 

Cc. 

Gram 

Per  cent 

0.10 

21.10 

0.1013 

101.2 

0.06 

20.60 

0.0989 

98.8 

0.05 

20.90 

0.1004 

100.2 

0.03 

21.10 

0.1013 

101.2 

0.02 

21.05 

0.1011 

100.9 

0.01 

21.10 

0.1013 

101.2 

0.01 

20.95 

0.1006 

100.4 

0.005 

21.15 

0.1016 

101.4 

Average           0.1008 

100.7 

Table  X — Effect 

of  Rate  o 

F  Addition  of  Bromate  Solui 

(0.1002 

gram  furfural  used  in  each  case) 

Added 

Furfural  Found 

Rapidly  at  Start     Fin 

al  Titer     (Factor  =0.004803) 

Recovery 

Cc 

Cc. 

Gram 

Per  cent 

18.00                    21.20 

0.1018 

101.6 

19.00                    21.45 

0.1030 

102.8 

20.50                    21.75 

0.1045 

104.3 

Average 

0.1031 

102.9 

Added  Slowly  from  Start 

Cc. 

20.70 

0,0994 

99.2 

20.75 

0.0997 

99.5 

21.00 

0.1009 

100.6 

Average 

0.1000 

99.8 

Concentration  of  Furfural — In  Table  IX  are  brought 
together  the  results  of  trials  in  which  the  concentration  of 
furfural  was  varied  while  that  of  both  hydrochloric  acid  and 
potassium  bromide  was  maintained  constant.  It  was  con- 
cluded from  these  results  that,  within  the  limits  studied,  the 
concentration  does  not  affect  the  accuracy  of  the  titration. 

Rate  of  Addition  of  Broiiate — In  Table  X  are  recorded 
some  results  in  which  the  bromate  solution  was  added  rapidly 
until  the  end  point  was  nearly  reached.  After  all  the  bro- 
mine had  disappeared  the  titrations  were  finished  in  the 
usual  way.  Hon-ever,  the  results  ran  too  high,  showing  that 
it  was  necessary  to  add  the  reagent  slowly,  avoiding  the  pres- 
ence of  any  large  excess  of  free  bromine  if  accurate  results 
were  to  be  expected.  In  all  subsequent  work,  therefore,  the 
bromate  was  added  slowly  enough  so  that  the  solutions  were 
never  more  than  faintly  yellow  colored. 

The  End  Point — Having  established  the  proper  acidity 
and  concentration  of  bromide  required  for  the  titration,  the 
next  problem  was  to  improve  the  technic  so  that  more  con- 
cordant results  might  be  obtained. 

Towards  the  end  of  the  reaction  between  furfural  and 
bromine  the  oxidation  is  quite  slow  so  that  the  oxidation  po- 
tential of  the  solution  is  never  constant.  Therefore,  the 
potentiometric  method  of  determining  the  end  point  was  not 
found  suitable.  It  was  then  decided  to  determine  the  end 
point  by  using  the  time  factor  itself  in  connection  with  the 
titration  apparatus  already  described. 

For  this  purpose  solutions  of  kno^Ti  furfural  content  were 
titrated  to  within  2  or  3  cc.  of  the  end  point,  when  the  addi- 
tion of  the  bromate  solution  was  continued  in  0.25-cc.  in- 
crements. The  time  required  for  each  increment  to  inter- 
act was  observed  by  the  use  of  the  galvanometer  and  a  watch. 
As  soon  as  the  deflection  fell  to  zero  the  next  increment  of 
bromate  was  added  and  the  process  repeated  until  the  end 
point  had  been  crossed.  The  time  required  for  disappear- 
ance of  the  bromine  was  then  plotted  against  the  total  volume 
of  potassium  bromate  that  had  been  added.  Several  char- 
acteristic curves  are  sho\\Ti  in  Fig.  2.  The  shape  of  these 
curves  indicates  that  there  are  two  possible  reactions  between 
furfural  and  bromine,  but  that  one  of  these  is  far  more  rapid 
than  the  other  in  the  presence  of  4  per  cent  acid.  This  causes 
the  curves  to  rise  almost  perpendicularly  after  the  principal 
reaction  has  been  completed. 

The  selection  of  the  end  point  from  such  curves  is  rather 
difficult.  If,  howe\-er,  the  value  dt/dv,  where  dv  is  the  in- 
crement of  bromate  added  and  dt  is  the  increase  in  time  re- 
quired for  its  disappearance  over  that  required  bj^  the  pre- 
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ceding  increment,  is  plotted  against  the  total  volume  of  bro- 
mate  used,  a  curve  is  obtained  which  passes  through  a 
maximum  at  the  end  point.  This  is  best  shown  by  the  spe- 
cific example  given  in  Fig.  3.  The  lower  set  of  curves  in  Fig. 
2  shows  the  advantage  of  this  method  of  plotting  the  results. 
Each  upper  and  lower  curve  was  plotted  from  the  same  data. 
Thus,  the  end  point  of  the  titration  is  obtained  by  measuring 
the  time  required  for  0.25-cc.  increments  of  bromate  to  react 
and  plotting  dt/dv  against  the  total  volume.  The  abscissa 
corresponding  to  the  point  of  maximum  inflection  of  the  curve 
is  the  true  end  point. 

The  results  of  a  series  of  determinations  on  known  solu- 
tions of  colorless  furfural  run  according  to  the  foregoing  pro- 
cedure are  recorded  in  Table  XI.  Since  this  procedure  ap- 
peared eminently  satisfactory,  the  factor  for  converting  bro- 
mate to  furfural  was  calculated  from  the  results. 


Tablb  XI- 

-Analyses  of 

Furfural  by  the  Proposed  Method 

Furfural  Found 

Furfural 

Factor  Gram       (Factor  = 

Used 

0.1  N  KBrOj 

Pentose  per  Cc.      0.004803) 

Recovery 

Gram 

Cc. 

0.1  A'  KBrOs           Grama 

Per  cent 

0.1007 

21.OO0 

0.00480                0.1009 

100.1 

0.1007 

21.00» 

0.00480                0.1009 

100.1 

0.1007 

20.90» 

0.00482               0.1004 

99.7 

0.1007 

21.100 

0.00477                0.1013 

100.6 

0.1007 

21.05 

0.00478                0.1010 

100.3 

0.1007 

20.85 

0.00483                0.1001 

99.4 

0.1007 

20.95 

0.00481                0.1006 

99.9 

0.2014 

42.00 

0.00480                0.2017 

100.1 

0.2014 

42.00 

0.00480                0.2017 

100.1 

0.2014 

41.95 

0.00480                0.2014 

100.0 

0.2014 

42.05 

0.00479                0.2018 

100.2 

0.2014 

42.05 

0.00479                0.2018 

100.2 

0.1030 

21.40 

0.00481                0.1027 

99.7 

0.1030 

21.50 

0.00479               0.1032 

100.2 

0.1030 

21.60 

0.00477                0.1037 

100.6 

0.1030 

21.50 

0.00479                 0.1032 

100.2 

0.1030 

21.50 

0.00479                0.1032 

100.2 

0.2060 

43.25 

0.00476               0.2076 

100.8 

0.2060 

43.00 

0.00479               0.2064 

100.2 

0.2060 

43.25 

0.00476                0.2076 

100.8 

0.2060 

43.00 

0.00479               0.2064 

100.2 

Average 

0.004792 

100.2 

Theoreticai 

0.004803 

100.0 

a  The  curve 

s  for  these  results  appear  in  Fig.  2. 

A  comparison  of  the  results  in  Tables  VI  to  X  with  those  in 
Table  XI  shows  much  greater  concordance  in  the  latter. 
This  suggests  that  the  cause  of  error  when  an  arbitrary  2- 
minute  end  point  was  used  was  probably  the  effect  of  small 
variations  in  acidity  of  the  solution.  However,  such  vari- 
ations apparently  affect  both  the  reactions  between  furfural 
and  bromine  to  nearly  the  same  extent,  so  that  when  the  re- 
sults are  plotted  the  end  point  is  stiU  readily  located. 

To  verify  this  statement  a  final  set  of  experiments  was 
carried  out  in  which  the  acidities  were  varied.  The  results 
are  shown  in  Table  XII  and  plotted  in  Fig.  4.  The  intensi- 
fying efi'ect  of  the  acid  is  clearly  apparent  from  the  slope  of 
the  upper  set  of  curves.  Nevertheless,  the  end  points  were 
readily  found  by  replotting  the  data  in  the  manner  advised 
above. 

Table    XII — Analyses   op   Furfural   by   the    Proposed    Method   in 
Solutions  of  Varying  Acidities 
(0.1112  gram  furfiural  used  in  each  case) 
HCl  by  Weight  0.1   A^  KBrOs     Furfural  Found 

Per  cent  Cc.  ^ 

1.8  23.15 

4.0  23.15 

5.0  23.00 

6.1  23.25 

Average 

Conversion  Factor  for  Furfural 

The  factors  in  Table  XI  were  obtained  by  dividing  the 
number  of  cubic  centimeters  of  0.1  N  potassium  bromate 
used  by  the  corresponding  weight  of  furfural.  A  close 
agreement  is  apparent,  the  average  being  0.004792.  More- 
over, the  theoretical  ratio,  based  on  a  molecular  ratio  of 
potassium  bromate  to  furfural  of  1:3,  is  0.004803,  from  which 
the  experimental  factor  differs  by  less  than  0.3  per  cent. 
This  is  well  within  the  hmits  of  experimental  error  of  the 
method  so  that  the  use  of  the  theoretical  factor  for  the 


Gram 
0.1112 
0.1112 
0.1105 
0.1117 
0.1111 


Recovery 
Per  cent 
100.0 
100.0 
99.3 
100.4 
99.9 


purpose  of  calculation  is  justified.  Theoretical  factors  were 
used  throughout  in  the  present  studies,  a  procedure  which 
is  impossible  in  the  present  oflacial  method  for  determining 
furfural  and  pentoses. 

Effect   of   Interfering  Substances   on  the   Proposed 
Method 

Furfural  distillates  from  pentose-containing  materials 
always  contain  levulinic  acid  and  hydroxymethyl-furfural 
when  hexose  materials  are  present.  Therefore,  a  study  of 
the  possible  effect  of  these  substances  was  undertaken. 

Table  XIII — Effect  op  Levulinic  Acid 
(0.2016  gram  furfural  used  in  each  case.     Total  volume  before 


titration  100  cc.) 

Levulinic  Acid 

Furfural  Found 

Added        0.1  A' KBrOs  (Factor  =  0.004803) 

Recovery 

Grams                  Cc. 

Gram 

Per  cent 

0.3                  41.90 

0.2012 

99.8 

1.0                  42.05 

0.2020 

100.2 

2.0                  42.00 

0.2017 

100.1 

3.0                  41.80 

0.2008 

99.6 

5.0                 42.00 

0.2017 

100.1 

Average 

0.2015 

100.0 

0                42.00 

0.2017 

100.1 

0                41.80 

0.2008 

99.6 

0                42.15 

0.2024 

100.4 

0                  42.00 

0.2017 

100.1 

Average 

0.2016 

100.0 

Levulinic  Acid — Five  determinations  were  run  on  furfural 
solutions  containing  varying  amounts  of  Kalilbaum's  levu- 
linic acid.  The  results  are  recorded  in  Table  XIII.  It  is 
evident  that  the  presence  of  tliis  substance  had  no  influence- 
on  the  results  in  the  cases  tried. 

Table  XIV — Effect  of  Hexose  Carbohydrates 
(2.0-gram  samples  used  in  each  case) 


O.IN 

Furfural  Found 

Factor  = 

Material 

KBrOs  (Facto 

r  =  0.004803)  Furfural 

0.007505 

Used 

Cc. 

Gram              Per  cent 

Per  cent 

Glucose 

1.00 

0.0048             0.24 

0.38 

0.50 

0.0024             0.12 

0.18 

Sucrose 

1.00 

0.0048             0.24 

0.38 

0.75 

0.0036             0.18 

0.28 

Lactose 

1.00 

0.0048             0.24 

0.38 

1.00 

0.0048             0.24 

0.38 

Starch 

0.75 

0.0036              0.18 

0.28 

0.75 

0.0036             0.18 
Average     0.20 

0.28 
0.32 

5 
? 

Solo 

■.d, 

4V 

II 

\ 

1? 

...  1 

«; 

MCI 

50 

tHCI 

ea 

HCl 

68^ 

\\ 

/ 

<: 

/  /  1 

i 

-|S| 

..^ 

°'  1 

J 

t 

'     1 

i 

1 

/ 

^ 

i 

/ 

J 

«^ 

A 

^ 

tv 

Fio.    4 — Titration 


Furfural    with   Bromate  Solution  in  the- 


Presence  of  Different  Concentrations  op  Hydrochloric  Acid 

Hydroxymethylfurfural — Since  no  supply  of  this  sub- 
stance was  available,  weighed  samples  of  glucose,  sucrose, 
lactose,  and  starch  were  distilled  by  the  method  adopted  for 
pentoses  and  the  distUlates  titrated.  The  results  are  shown 
in  Table  XIV.  As  a  further  check,  the  determinations  shown 
in  Table  XV  were  made,  using  mixtures  of  equal  quantities 
of  pentose  and  hexose.  It  is  apparent  from  the  results  cited 
that  hydroxymethyl  furfural  has  a  slight  effect  on  the  titra- 
tion of  furfural,  but  that  this  is  small  enough  to  be  disregarded 
in  many  instances  since  the  error  thereby  introduced  is  small. 
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Table  XV — Effect  of  Hexoses  on  Determination  of  Pentoses 
(0.3  gram  each  of  xylose  and  sucrose  used  in  each  case) 
Pentose  Found 


0.1  N  KBrOj 

(Factor  =  0.007505) 

Recovery 

Cc. 

Gram 

Per  cent 

39.90 

0.2994 

99.8 

40.10 

0.3010 

100.3 

40.10 

0.3010 

100.3 

40.25 

0.3021 

100.7 

40.35 

0.3028 

100.9 

40.40 

0.3032 

101.1 

40.50 

0.3040 

101.3 

40.50 

0.3040 

101.3 

Average 

100.7 

The  probable  explanation  of  the  noninterference  of  hexoses 
seems  to  be  that  the  hydroxymethyl  furfural  is  converted, 
under  the  conditions  of  distillation,  into  le\Talinic  acid,  which 
is  without  effect. 


0.1  N 

Time 

dT 

dV 

dT 

KBrOs 

Sec. 

Sec. 

Cc. 

dV 

18.30 

30 

0.25 

18.55 

30 

'6 

0.25 

"b 

18.80 

30 

0 

0.25 

0 

19.05 

30 

0 

0.25 

0 

19.30 

30 

0 

0.25 

0 

19.55 

35 

5 

0.25 

20 

19.75 

40 

5 

0.25 

20 

20.00 

50 

10 

0.25 

40 

20.25 

50 

0 

0.25 

0 

20.50 

50 

0 

0.25 

40 

20.75 

70 

20 

0.25 

80 

21.00 

110 

40 

0.25 

160 

21.25 

180 

70 

0.25 

280 

21.60 

290 

110 

0.25 

440 

21.75 

300 

10 

0.25 

40 

22.00 

310 

10 

0.25 

40 

22.25 

320 

10 

0.25 

40 

22.50 

330 

10 

0.25 

40 

22.75 

345 

15 

0.25 

60 

23.00 

350 

5 

0.25 

20 

0.1  N  KBrOa  required  21.50  cc. 

Furfural 

found  0.1033 

gram 

Recovi 

:ry  100.3 

per 

cent 

Methylfurfural — -'Inasmuch  as  methylfurfural  might  be 
expected  to  interfere,  distillations  of  a  methylpentose  (rham- 
nose)  were  carried  out.  The  rhamnose  was  prepared  in  tliis 
laboratory  from  quercitrin  according  to  the  method  of  Walton 
(1921)  from  the  quercitrin  in  "lemon  flavin."  The  rhamnose 
was  analyzed  and  was  found  to  be  C6Hi205.H20.  The  bro- 
mate  titration  values  are  sho^Mi  in  Table  XVI.  These  indi- 
cate a  recovery  of  107  per  cent  using  the  same  molecular  ratio 
— i.  e.,  3C6Hi206.H20;KBr03 — as  was  found  for  the  pentose 
sugars.  No  explanation  can  be  offered  for  tliis  high  value. 
There  is  no  good  evidence  as  to  how  widely  methylpentosans 
are  distributed  in  nature.  The.se  determinations  indicate 
that  if  they  are  present  they  will  form  methylfurfural,  which 
will  be  titrated  in  the  proposed  method  and  perhaps  cause 
appreciable  error  in  the  pentosan  values.  Such  an  error, 
however,  is  present  in  all  methods  which  have  so  far  been 
proposed  for  pentosan  derivatives,  and  it  is  believed  that 
the  bromate  titration  error  wUl  be  much  less  than  that  in- 
curred in  the  phloroglucinol  method,  owing  to  the  other 
sources  of  error  already  present  in  that  method. 

From  a  study  of  these  results  the  following  method  for  the 
determination  of  furfural  in  aqueous  solutions  is  suggested: 

Proposed  Method  for  Determination  of  Furfural 

To  the  solution  containing  0.1  to  0.2  gram  furfural,  5  cc. 
of  20  per  cent  potassium  bromide  are  added  for  every  100  cc. 
of  solution,  and  the  acidity  (HCl)  is  adjusted  to  about  4  per 
cent  by  weight  by  adding  either  acid  or  alkali  as  required. 
With  continual  stirring,  0.1  A'^  potassium  bromate  solutionis 
run  in  from  a  buret  at  such  a  rate  that  the  production  of  a  dis- 
tinct yeUow  color  throughout  the  solution  is  avoided.  When 
the  end  point  is  approached  a  pale  yeUow  color  will  be  ap- 
parent immediately  after  the  addition  of  a  few  drops  of  bro- 
mate solution,  but  this  soon  fades.  When  tliis  point  is 
reached  the  bromate  is  added  in  0.2  to  0.3-cc.  increments 
and  the  time  is  recorded  wliich  is  required  for  the  disappear- 
ance of  free  bromine,  as  indicated  by  the  use  of  a  galvanom- 
eter   set-up    as    already    explained.     As  the  enci  point  is 


crossed  a  rather  large  increase  in  the  time  required  will  be 
noted.  The  observations  should  be  carried  slightly  beyond 
this  point.  Finally,  the  ratio  of  increment  of  time  to  incre- 
ment of  standard  potassium  bromate  is  plotted  against  the 
total  value  of  potassium  bromate  already  used,  and  the  end 
point  found  from  the  curve  thus  obtained.  The  number  of 
cubic  centimeters  of  0.1  A'^  potassium  bromate  required 
multiplied  by  0.004803  gives  the  grams  of  furfural  in  sample. 

Conclusion 

The  studies  concerning  the  potassium  bromate  method 
for  the  determination  of  furfural  led  to  the  following  con- 
clusions: 

1 — The  acidity  of  the  solution  to  be  titrated  should  not 
exceed  4  or  5  per  cent  by  weight,  because 

2 — Further  oxidation  of  the  primary  product  of  the  in- 
teraction of  bromine  and  furfural  results  in  the  presence 
of  high  concentrations  of  acid. 

3 — The  velocity  of  this  secondary  reaction  under  the  con- 
ditions proposed  appears  to  be  so  small  as  to  be  without 
appreciable  effect  on  the  titration. 

4 — Either  hydrochloric  or  sulfuric  acids  may  be  used. 

5 — An  approximate  concentration  of  1  per  cent  potassium 
bromide  is  satisfactory. 

6 — The  potassium  bromate  solution  must  be  added  slowly, 
at  all  times  avoiding  the  presence  of  any  considerable  excess. 

7 — The  amount  of  furfural  present  does  not  influence  the 
accuracy  of  the  method. 

8 — In  titrating  dilute  solutions  wth  potassium  bromate, 
the  end  point  can  be  readily  located  by  the  use  of  a  simplified 
electrometric  apparatus  consisting  of  two  platinum  ■wires,  a 
galvanometer,  and  key. 

9 — The  time  factor  of  the  reaction  involved  is  made  the 
basis  of  the  foregoing  method  for  finding  the  end  point. 

10 — Hydroxymethylfurfural,  a  product  of  the  acid  dis- 
tillation of  hexose  materials,  apparently  interferes  shghtly 
with  the  use  of  the  proposed  method.  However,  the  effect 
is  small  enough  to  be  disregarded. 

ll^Levulinic  acid,  a  further  decomposition  product  of 
hexoses,  is  without  any  effect  whatsoever. 

12 — Methylpentoses  or  pentosans  wiU  interfere  in  that 
methylfurfural  is  formed  which  will  titrate  with  the  bromate 
solution. 
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The  Influence  of  Neutral  Salts  upon  the  Fixation  of  Tannin 

by  Hide  Substance" 


By  Arthur  W.  Thomas  and  Margaret  W.  Kelly 


ANY  agent  which  will  decrease  the  sweUing  of  collagen, 
or  decrease  its  potential  difference  against  the  so- 
lution in  contact  with  it,  should  inhibit  the  rate  of 
fixation  of  tannin.  Neutral  salts  should  accomplish  both 
effects,  as  predicted  by  the  Donnan  equilibrium,'  sho\vn  by 
Procter  and  Wilson,^  and  recently  definitely  settled  by  Loeb.' 
On  the  acid  side  of  the  isoelectric  point  of  the  protein  the  anion 
only  of  the  salt  is  concerned  in  this  depressing  effect,  divalent 
anions  being  more  effective  than  monovalent  anions  at  iden- 
tical hydrogen-ion  concentrations.  On  the  alkaline  side  of 
the  isoelectric  point  cations  only  are  of  significance,  again 
those  of  higher  valency  showing  the  greater  depressing  effect 
at  the  same  concentrations  of  hydrogen  ion.  This  "salt 
effect"  on  the  protein  is  comphcated,  in  the  case  of  vegetable 
tanning,  by  additional  action  of  the  salt  upon  the  tannin 
solution. 

It  has  been  sho-mi  by  WUson  and  GaUun^  and  by  Thomas 
and  Foster'  that  neutral  salts  decrease  or  retard  the  fixation 
of  clirome  by  hide  substance,  while  Herzog  and  Adler* 
claim  that  neutral  salts  either  shghtly  promote  the  adsorption 
of  phenol  by  hide  substance  or  have  no  effect  at  all.  In  view 
of  reported  differences  in  behavior  in  the  adsorption  of  these 
various  tanning  agents  by  coOagen  in  the  presence  of  neutral 
salts,  it  was  decided  to  extend  the  study  of  tannin  fixation 
by  coUagen  to  include  the  effect  of  added  neutral  salts  in  the 
tanning  Uquors. 

EXPEEIMENTAL 

Sodium  chloride  and  sodium  sulfate,  furnishing  examples 
of  monovalent  and  divalent  anions,  were  selected  for  these 
experiments,  and  their  elTects  at  pH  values  of  2.0,  5.0,  and  8.0 
were  studied  in  both  hemlock  bark  and  in  gambler  solutions. 
The  tannin  solutions  were  prepared  and  clarified  as  described 
in  a  previous  paper.'    It  was  also  desired  to  include  a  study 

■  Presented  before  the  Division  of  Leather  Chemistry  at  the  64th 
Meeting  of  the  American  Chemical  Society,  Pittsburgh,  Pa.,  September  4  to 
S,  1922. 

2  Contribution  No.  419  from  the  Chemical  Laboratories,  Columbia 
University.  Taken  from  a  part  of  the  dissertation  submitted  by  Miss  Kelly 
in  partial  fulfilment  of  the  requirements  for  the  degree  of  doctor  of  phil- 
osophy, Faculty  of  Pure  Science,  Columbia  University,  1923. 

>  Z.  Elektrochem.,  17,  572  (1911). 

«  J.  Chem.  Soc.   (London),  109,   307,  1327  (1916). 

•  "Proteins  and  the  Theory  of  Colloidal  Behavior, "/McGraw-Hill  Co., 
New  York,  1922.       J.  Gen.  Physiol.  1918-22  (about  50  papers  published). 

•  J.  Am.  Leather  Chem.  Assoc,  15,  273  (1920). 
'  This  Journal,  14,  132  (1922). 

•  Kolloid-Z.,  2,  Suppl.  Heft  2,  III  (1919). 

•  Thomas  and  Kelly,  This  Journ.^l,  15,  1148  (1923). 


ry.  New  York,  N.  Y. 

of  tannin  fixation  in  the  presence  of  barium  and  magnesium 
chlorides  in  order  to  compare  the  effects  of  these  divalent 
cations  wdth  that  produced  by  the  monovalent  sodium  cat- 
ion. However,  difficulties  arose  on  the  alkaline  side  of  pH 
=  5  owing  to  the  formation  of  the  insoluble  aUcahne  earth 
tannates,  and  consequently  the  study  of  the  comparative 
effect  of  cations  of  different  valence  on  the  alkaline  side  of  the 
isoelectric  point  of  coUagen  was  abandoned.  The  results 
obtained  with  these  salts  on  the  acid  side  of  the  isoelectric 
point  were  very  similar  to  those  obtained  with  sodium  chloride, 
as  was  to  be  expected. 

In  the  case  of  sodium  cliloride  and  sodium  suffate  100-cc. 
portions  of  the  tanning  solution  (concentration  of  40  grams 
total  solids  per  liter,  and  previously  adjusted  to  the  desired 
pH  by  addition  of  0.5  M  hydrochloric  acid  or  0.5  M  sodium 
hydroxide)  were  added  to  bottles  containing  2.000-gram 
portions  (absolutely  dry  basis)  of  liide  powder,  previously 
defatted  by  cliloroform,  and  the  required  weight  of  dry  salt. 
The  bottles  were  rotated  at  room  temperature  for  24  hours; 
the  samples  were  then  filtered  in  Wilson  and  Kern  extractors, 
washed  with  water  until  a  negative  test  was  shown  by  the 
wasliings  for  the  salt  used  as  well  as  for  tannins  and  non-tans, 
dried,  and  the  increase  in  weight  was  computed  as  tannin 
fixed.  Since  at  certain  concentration  of  hydrogen  ion  the 
salts  precipitate  "insolubles"  which  would  count  as  tannin 
fixed,  blanks  were  always  run  in  the  absence  of  hide  powder 
to  determine  the  e.xtent  of  the  formation  of  such  "insolubles" 
and,  where  found,  the  amount  of  tannin  fixed  was  corrected 
accordingly. 

Results 
The  results  are  shown  in  the  tabulation  and  figure. 

iNPLnENCB    OF    SoDIOU    ChlORIDB    AND    SODIUM    SULFATE    UPON    TaNNIN 


pH  of 

Original 
Liquor 

Molar  Concen- 
tration of  Added 
Salt  Present 

Fixationo 

. Gambierb * 

NaCl           NajSO. 

^Hemlock  Barkt^ 
NaCl         NaiSO. 

2.0 
2.0 
2.0 
2.0 

0,5 
1.0 
1.5 
2.0 

47  loss 
62  loss 

94  "loss 

56  loss 
82  loss 
90  loss 

58  loss         70  loss 
66  loss          86  loss 

68  loss            '.'.'.'. 

5.0 
6.0 
5.0 
6.0 

0.5 
1.0 
1.5 
2.0 

4  gain 

5  gain 

4  loss 

17  loss 
50  loss 
75  loss 

27  gain           S  loss 

23  loss 

54  loss 

No  change     

8.0 
8.0 
8.0 
8.0 

0.5 
1.0 
1.5 
2.0 

32  loss 
63  loss 

86  loss 

58  loss 
79  loss 
92  loss 

9  loss  14  loss 
25  loss          44  loss 

70  loss 

66  loss            

a  Compared  with  fi.\ation  in  absence  of  salt. 
b  Figures  are  in  per  cent. 
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It  is  to  be  noted  from  the  tabulation  that  at  pH  of  2  and  8 
both  salts  inhibit  the  fixation  of  tannin,  this  effect  increasing 
with  increasing  concentration  of  the  salt,  and  for  the  same 
molar  concentration  of  salt  the  inhibition  by  sodium  sulfate 
is  always  more  pronounced  than  that  caused  by  sodium 
chloride,  just  as  Thomas  and  Foster"*  found  in  the  case  of 
chrome  tanning.  At  pH  =  5,  the  isoelectric  point  of  collagen, 
the  effect  of  the  added  salts  is  much  less  pronounced,  and  for 
the  lower  concentrations  sodium  cliloride  appears  to  increase 
the  fixation  of  tannins. 


//2  2 

Molarit-y  of  Added  Salt 


Since  Thomas  and  Baldwin"  ha^•e  found  that  sodium 
chloride  increases  the  concentration  of  hydrogen  ion  (h}-- 
drogen-ion  activity)  of  acid  solutions,  while  sodium  sulfate 
lowers  it,  measurements  of  the  pH  of  the  tanning  liquors, 
after  addition  of  the  salts,  were  attempted  in  order  to  de- 
termine whether  changes  in  hydrogen-ion  concentration  had 
been  a  determining  factor  in  effecting  the  changes  observed 
in  tannin  fixation.  The  results  showed  that  at  pH  values 
of  2  and  5  sodium  chloride  was  without  appreciable  effect 
upon  the  pH  of  the  tanning  solution,  while  sodium  sulfate 
caused  a  slight  decrease  in  acidity.  At  pH  =  8  the  measure- 
ments were  most  unsatisfactory,  owing  to  "poisoning" 
of  the  electrode.  Apparently,  therefore,  the  effect  of  these 
salts  in  changing  the  hj'drogen-ion  concentration  of  the  tan- 
ning liquors  was  not  of  any  considerable  importance,  and 
the  explanation  for  the  observed  changes  in  tannin  fixation 
must  be  sought  in  the  effects,  pointed  out  above,  of  salts 
upon  coUagen  and  tanning  solution. 

Effect  upon  Collagen — It  would  be  expected  that  on 
the  acid  side  of  the  isoelectric  point  sulfates  would  have  a 
greater  depressing  effect  than  chlorides  upon  swelling  and 
potential  difference  of  coUagen,  and  consequently  fixation 
should  be  inhibited  more  by  the  sulfate  than  by  the  chloride, 
which  is  actually  the  case  as  wiU  be  seen  upon  examination 
of  the  figures  at  pH  =  2.     At  pH  =  8  the  differences  between 

'"This  Journal,  14,  132  (1922). 

"  J.  Am.  Chtm.  Soc.  41,  1981  (1919). 


sodium  chloride  and  sodium  sulfate  are  not  so  marked.  On 
this,  the  alkaline  side  of  the  isoelectric  point,  the  anions  of 
the  salt  exert  the  same  influence  regardless  of  valence.  Here 
the  cations  only  are  of  significance  and  the  greater  inhibitory 
effect  shown  by  sodium  sulfate  is  due  to  the  fact  that  equi- 
molar  solutions  of  the  two  salts  are  being  compared.  Since 
there  are  twice  as  many  available  sodium  ions  in  a  molar 
solution  of  the  sulfate  as  in  the  chloride,  compared  on  the 
molar  basis,  sodium  suffate  will  lower  the  swelling  and  the 
potential  difference  of  coUagen  to  a  gi-eater  extent  than 
sodium  chloride,  as  the  data  show.  In  the  table  it  is  seen  that 
0.5  M  sodium  sulfate  shows  about  the  same  inhibition  as 
1.0  M  sodium  chloride.  Such  agreement  is  not  expected  to 
be  rigid  and  general  throughout,  since  the  effects  of  the  salts 
upon  the  tannins  must  be  considered.  Furthermore,  ioniza- 
tion of  the  salts  is  by  no  means  complete  at  such  concentra- 
tions, nor  are  the  salts  ionized  to  the  same  extent.  At  the 
isoelectric  point  the  effects  of  the  salts  upon  collagen  should 
not  be  marked,  according  to  the  Donnan  theory,  since  at  tliis 
point  collagen  is  already  in  the  condition  of  minimum  swelling 
and  minimum  potential  difference. 

Influence  on  the  Tanning  Solutions — (1)  Aggregation 
of  the  tannin  particles,  which  will  result  in  a  lower  diffusi- 
bility  thereof,  thus  inhibiting  fixation,  but  wliich  may  proceed 
to  the  point  at  which  the  tannins  are  precipitated  ("salted 
out")  from  solution,  whereby  the  concentration  of  tannin  in 
solution  is  decreased;  (2)  hydration  of  the  added  salts,  by 
which  a  \-irtual  increase  in  tannin  concentration  is  effected. 
The  net  effect  of  these  two  factors  upon  tannin  fixation  will 
depend  upon  the  original  concentration  of  tanning  solution 
as  well  as  upon  the  amount  by  which  this  concentration  is  in- 
creased or  decreased.  At  a  concentration  of  40  grams  of  total 
sohds  per  liter,  which  was  used  in  these  experiments,  refer- 
ence to  the  concentration  curves  in  a  separate  paper'  for  the 
extracts  in  question  shows  that  any  increase  in  concentration 
of  the  extract  at  pH  =  5  will  effect  a  decrease  of  fixation  of 
tannin,  whUe  decrease  in  concentration  from  40  to  approx- 
imately 20  grams  of  total  solids  per  hter  will  cause  an  increase 
in  tannin  fixed,  below  which  concentration  the  amount  of 
tannin  fixed  will  decrease  regularly  toward  zero. 

As  will  be  seen  by  reference  to  the  tables,  this  decrease  in 
concentration  of  tannin  by  sodium  chloride  at  pH  =  5  is 
slight  enough  at  the  lower  concentrations  of  the  salt  to 
effect  the  increase  in  fixation  which  would  be  expected,  while 
for  the  higher  concentrations  of  the  salt  the  salting  out  effect 
has  lowered  the  concentration  of  tannin  sufficiently  to  effect 
a  decrease  in  tannin  fixation.  Hydration  of  the  salt  and 
lowered  diffusibility  resulting  from  aggregation  of  the  tannin 
particles  wiU  augment  this  latter  factor. 

On  the  other  hand,  the  experimental  results  at  pH  =  5  show 
that  sodium  sulfate  produces  a  decrease  in  fixation  at  aU 
concentrations,  thus  differing  from  sodium  chloride.  Ex- 
periments upon  the  comparative  effects  of  these  two  salts 
in  salting  out  the  tannins  from  tan  liquors  showed  that  the 
sulfate  is  more  effective  than  the  chloride.  Consequently, 
it  may  be  concluded  that  sodium  sulfate  decreases  the  degree 
of  dispersion  of  tannin  particles  and  effects  subsequent  re- 
duction of  concentration  of  tannins  in  solution  more  power- 
fully than  sodium  chloride,  and  only  the  later  effect  of  this 
decreased  concentration,  augmented  by  increased  aggregation 
of  the  particles  and  by  the  hydration  factor,  is  shown  in  the 
experimental  results  obtained. 

Acknowledgment 

The  writers  wish  to  express  their  indebtedness  to  A.  F. 
Gallun  &  Sons  Co.,  Milwaukee,  Wis.,  for  grants  in  aid  of  this 
investigation. 


1264 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  12 


Chemistry  of  Wood' 

VII — Relation  between  Methoxyl  and  Lignin  in  Wood 

By  G.  J.  Rjtter 

Forest  Products  Laboratory,  Madison,  Wis. 


IT  IS  a  -sveU-knowii  fact 
that  softwoods  jaeld 
less  methanol  thanhard- 
woods  when  subjected  to 
destructive  distillation. 
The  difference  in  jdelds  of 
methanol  is  even  greater 
than  would  be  expected 
when  compared  with  the 
difference  in  the  methoxj-1 
content  of  the  two  classes 
of  woods.  Softwoods,  in 
general,  contain  about   85 

per  cent  as  much  methoxyl  as  hardwoods,  although  some 
softwoods  contain  more  than  some  hardwoods.  In  destruc- 
tive distillation  the  methanol  yield  from  softwoods  is  ap- 
proximately one-half  that  obtained  from  hardwoods. 

Tliis  difference  in  beha\ior  suggests  that  there  is  a  differ- 
ence in  the  Linkage  of  the  methoxyl  group  in  the  two  classes 
of  woods.  A  difference  in  the  Linkage  of  the  methoxj'l  group 
is  further  suggested  when  the  ratio  of  the  methoxj'l  to  the 
lignin  content  in  the  different  woods  is  compared.  For  in- 
stance, tan  oak-  has  a  methoxj'l  content'  of  5.74  per  cent  and 
a  lignin  content  of  24.85  per  cent.  Yellow  cedar  has  a  meth- 
oxj'l content  of  5.25  per  cent  and  a  lignin  content  of  31.32 
per  cent.  The  ratio  of  the  methoxj-1  to  the  lignin  in  the  for- 
mer wood  is  23.1  per  cent;  in  the  latter  wood  it  is  16.7  per 
cent.  If,  as  is  generallj'  believed,  the  metho.xj-l  is  whollj' 
associated  with  the  hgnin,  then  the  chemical  composition  of 
the  two  lignins  differs.  If  the  methox-j'l  is  only  partiaLlj' 
associated  with  the  hgnin,  the  two  cases  cited  above  indicate 
a  different  methoxj'l  linkage. 

In  order  to  obtain  more  detailed  information  on  the  manner 
in  which  the  methoxyl  is  combined  in  the  wood  and  on  the  re- 


The  isolated  lignins  from  the  two  classes  of  woods  differ  in  chem- 
ical composition.  A  larger  per  cent  of  the  total  methoxyl  is  re- 
covered in  softwood  lignin  than  in  hardwood  lignin. 

Approximately  62  per  cent  of  the  total  methoxyl  in  white  oal^  and 
yellow  pine  sawdust  was  recovered  as  methanol  by  treating  the 
wood  with  dilute  alkali  under  pressure.  The  methanol  obtained 
by  the  dilute  alkali  and  pressure  treatment  is  equivalent  in  amount 
to  the  methoxyl  found  in  the  crude  volatile  products  of  the  destructive 
distillation  of  wood. 

It  is  indicated  that  the  actual  period  of  chlorination  can  be  re- 
duced approximately  one-half  in  isolating  cellulose. 


Experimental  Work 


Methoxyl  and  Lignin 
Content  of  Different 
Woods — These  determina- 
tions were  made  in  the 
same  manner  as  given  in 
the  preceding  paper  of  this 
series  on  the  chemistrj'  of 
wood.^  Theresultsaregiven 
in  Columns  1  and  2,  Table  I. 
Methoxyl  Content  of 
Isolated  Lignin — The 
methoxy  content  of  the  hgnin,  isolated  by  the  method  de- 
scribed in  the  preceding  papers  of  this  series,  was  determined 
by  the  Zeisel  method.  The  results  are  recorded  in  Column 
4,  Table  I.  A  comparison  of  Columns  3  and  4  shows  that 
the  theoretical  and  isolated  lignins  of  softwoods  are  more 
nearlj'  identical  in  chemical  composition  than  the  corre- 
sponding hgnins  of  hardwoods.  Bj'  subtracting  the  figures 
in  Column  4  from  the  corresponding  numbers  in  Column 

3,  the  methox-j'l  not  recovered  in  the  lignin  is  obtained.  A 
comparison  of  the  corresponding  values  in  Columns  3  and  5 
indicates  that  from  10  to  21  per  cent  of  the  methoxyl  in 
softwoods  and  from  21  to  38  per  cent  of  the  methoxyl  in 
hardwoods  are  not  recovered  in  the  isolated  hgnin. 

In  order  to  show  a  different  relationship  between  some  of 
the  constants  given  in  Table  I,  the  significant  Columns  2 

4,  and  5  are  aU  calculated  on  the  dry  weight  of  the  wood 
and  arranged  in  Table  II.  In  Column  3,  Table  II,  is  found 
the  methoxj'l  which  is  not  recovered  in  the  isolated  lignins. 
Here  again  it  is  shown  that  the  methoxj'l  not  recovered  in  the 
isolated  lignin  is  considerably  less  in  the  softwoods  than  in  the 
hardwoods.    This    experimental    fact,    however,    does    not 


Species 

Western  yellow  pine 

Western  white  pine 

Incense  cedar 

Mesquite 

Tan  oak 

Eucalyptus 

Yellow  poplar  (sapwood) 

Yellow  poplar  (heartwood) 

Pignut  hickory  (heartwood) 


Table  I — Relation  of  Methoxyi,  and  Lignin  in  Woods 


Per  cent 
Lignin 

in  Wood 
(1) 
26.75 
24.30 
37.68 
30.77 
24.68 
26.74 
23.86 
23.69 
22.85 


Per  cent  CH3O  not 

Per  cent 

Per  cent 

Per  cent 

Recovered  in  Isolated 

CHjO  in 

CH3O  X  100 

CHjO  in  Isolated 

Lignin 

Wood 

Per  cent  Lignin 

Lignin 

(Colui 

on  3  -  Column  4 

(2) 

(3) 

(4) 

(5) 

4.45 

16.64 

13.13 

3.51 

4.47 

18.40 

13.10 

3.30 

6.09 

16.16 

14.51 

1.65 

5.49 

17.84 

14.05 

3.79 

5.70 

22.06 

16.99 

6.07 

6.56 

24.53 

15.01 

9.52 

5.89 

24.69 

17.00 

7.69 

6.03 

25.45 

20.22 

5.23 

5.79 

25.34 

18.43 

6.91 

lation  between  the  methoxj'l  and  the  hgnin,  the  following 
experimental  studies  were  carried  out:  (1)  methoxj'l  and  the 
lignin  content  of  various  species;  (2)  methoxj'l  content  of  the 
isolated  lignin  of  several  species;  (3)  methoxj'l  hberated  as 
methanol  when  different  species  are  repeatedlj'  treated  with 
dilute  alkali  under  pressure;  (4)  methox-j'l  and  hgnin  content  of 
the  residues  when  different  species  are  clilorinated  for  varj-ing 
periods  of  time. 

1  Presented  before  the  Division  of  Cellulose  Chemistry  at  the  65th 
Meeting  of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2 
to  7,  1923. 

*  Same  species  as  tanbark  oak  in  Paper  V  of  this  series. 

•This  Journal,  14,  1150  (1922). 


justify  the  conclusion  that  the  methoxj'l  not  recovered  in  the 
isolated  lignin  is  associated  ^"ith  some  chemical  constituent 
other  than  lignin,  for  it  may  be  removed  as  a  cleavage  prod- 
uct in  the  process  of  isolating  the  hgnin.  These  results  on 
hardwoods  and  hardwood  hgnins  confirm  those  of  Dore,^ 
which  are  discussed  bj'  Ritter  and  Fleck.  ^  In  the  case  of 
softwood  (redwood),'  however,  Dore  was  able  to  recover 
the  total  methoxj'l  of  the  wood  in  the  isolated  hgnin.  In 
the  isolation  of  the  redwood  hgnin  the  material  was  not  boiled 

«  This  Journal.  IB,  1055  (1923). 
'Ibid.,  12,  986  (1920). 
'Jbid.,  14,  1050  (1922). 
'/6irf.,ia,  475  (1920). 
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after  diluting  the  sulfuric  acid  with  hot  water,  whereas  the 
lignin  analyzed  in  this  paper  was  boiled  after  diluting  with 
water  to  aid  coagulation  of  the  material.  In  this  latter  case 
some  methoxyl  may  have  been  hydrolyzed  from  lignin,  and 
thus  account  for  the  results  obtained. 

It  is  of  interest  to  note  that  with  the  exception  of  eucalyptus 
the  values  in  Column  3,  Table  II,  agree  closely  with  the 
yields  of  methanol  obtained  by  destructively  distilling  the 
woods  belonging  to  the  corresponding  classes. 

TabLB    II RELATION    OF    TOTAI,    METHOXYL   TO    METHOXYL    IN    ISOLATED 

Lignin 
(Figures  in  percentages  based  on  weight  of  original  wood) 

CHiO  not  Re- 


CHjOin 

covered  il 

CH3O 

Isolated 

Isolated 

Species 

in  Wood 

Lignin 

Lignin 

Western  yellov 

i  pini 

4.45 

3. 51 

0.94 

Western  white 

pine 

4.47 

3.66 

O.Sl 

Incense  cedar 

6.09 

5.46 

0.63 

Mesquite 

5.49 

4.30 

1.19 

Tan  oal£ 

5.70 

4.19 

1.61 

Eucalyptus 

6.56 

4.01 

2.55 

Yellow  poplar 

fsapwood) 

5. 89 

4.05 

1.84 

Yellow  poplar 

(hea> 

■twood) 

6.03 

4.79 

1.22 

Pignut  hickory 

■  (heartwood) 

5.79 

4.21 

1.58 

Methoxtl  Liberated  as  Methanol  When  Sawdust 
Is  Treated  with  Dilute  Alkali  under  Pressure — A 
500-gram  sample  of  sawdust  which  passed  through  a  40- 
mesh  sieve  was  treated  with  1500  cc.  of  7  per  cent  sodium 
hydroxide  solution.  The  mixture  was  placed  in  a  large 
autoclave,  which  was  heated  in  a  nitrate  bath.  The  tem- 
perature was  raised  gradually  until  an  increase  in  pressure 
ranging  from  115  to  120  pounds  was  noted.  This  pressure 
was  maintained  for  3  hours,  after  wliich  it  was  released 
gradually  and  the  distillate  condensed.  The  distillate 
was  treated  in  the  regular  standard  method  used  at  the 
Forest  Products  Laboratory  for  determining  methanol  in 
pyrohgneous  acid.*  The  residue  in  the  autoclave  was  again 
thoroughly  mixed  with  600  cc.  of  water  and  the  heating  re- 
peated at  a  stiU  higher  pressure.  The  residue  was  thus  re- 
treated, as  shown  by  the  table,  until  no  methanol  appeared 
in  the  distillate.  The  final  residue  was  washed  with  hot 
water  until  neutral,  dried,  weighed,  and  analyzed  for 
methoxyl. 

White  oak  and  western  yeOow  pine  sawdusts  were  treated 
as  outlined  above.  The  results  are  recorded  in  Tables  III 
and  IV. 

The  data  show  that  repeated  treatments  of  the  sawdust 
with  dilute  alkali  under  increasing  pressures  gradually  hber- 

•  U.  S.  Depl.  Agr..  Bull.  29,  5. 


ate  3.87  per  cent  methanol  from  white  oak  and  2.93  per  cent 
methanol  from  western  yellow  pine.  In  the  experiment 
the  two  woods  yield  the  same  percentages  of  total  methoxyl 
- — namely,  63  per  cent — but  the  composition  of  the  residues 
differs;  the  hardwood  residue  by  analysis  (Zeisel)  contains 
the  remaining  metho.xyl,  whereas  the  softwood  residue  con- 
tains none.  This  again  suggests  a  different  methoxyl  linkage 
in  the  two  classes. 

It  is  of  interest  to  compare  the  yields  of  methanol  obtained 
in  this  study  with  the  percentage  of  methoxyl  liberated  as 
methanol  in  the  crude  volatile  products  by  destructive  dis- 
tillation. In  a  paper  by  Hawley  and  Aiyar'  are  found  the 
data  given  in  Table  V.  The  ratio  of  the  methoxyl  obtained 
in  the  volatile  products  to  the  total  methoxyl  in  the  three 
cases  cited  is  approximately  62  per  cent,  the  same  as  obtained 
in  the  volatile  products  by  the  alkali  hydrolytic  treatment 
of  two  woods.  This  suggests  that  the  methanol  recovered 
in  tills  study  comes  from  the  same  metho-xyl  groups  found  in 
the  crude  volatile  products  in  destructive  distillation. 

Lignin  and  Methoxyl  Content  of  Sawdust  Residues 
after  Varying  Periods  of  Chlorination — In  this  study 
dupUcate  sawdust  samples  of  known  hgnin  and  methoxyl 
content  were  extracted  with  a  minimum  boiling  alcohol- 
benzene  solution.  The  residues  were  then  clilorinated  for 
varying  periods  of  time,  and  the  lignin  chloride  formed  was 
extracted  with  sodium  sulfite.  These  residues  were  thoroughly 
washed  wdth  hot  water,  dried,  and  weighed. 

These  final  residues  were  then  analyzed  for  lignin  and 
methoxyl  to  determine  the  relation  between  the  ratios  of  lig- 
nin removed  to  total  lignin  and  methoxyl  removed  to  total 
methoxyl. 

In  Table  VI,  Columns  4  and  5,  respectively,  are  found 
the  percentages  of  total  lignin  and  methoxyl  in  the  residues 
after  the  various  chlorinations.  In  the  case  of  basswood 
the  corresponding  ratios  in  the  two  columns  agree  fairly  well. 
With  incense  cedar  the  fii'st  corresponding  ratios  are  at 
variance,  the  remaining  three  agree  very  favorably.  The 
same  data  for  tan  oak  show  no  agreement  in  the  10-minute 
chlorinated  residue.  The  agreement  is  better  in  15  and  20- 
minute  clilorinated  residues. 

If  the  proportions  of  the  total  methoxyl  and  lignin  were 
the  same  in  the  individual  residues  obtained  by  varying 
periods  of  clilorination,  then  the  conclusion  that  all  the  meth- 
oxyl is  associated  with  the  lignin  and   that   all   is   combined 

'  This  Journal,  14,  1056  (1922). 


Table  III — Percentage  op  Methoxyl  Recovered  as  Methanol  prom  Sawdust  Treated  ^ 


[  NaOH  Solution  under  Pressure 


(Methoxyl  content  of  original  wood  =  6.12  per  cent  =  6.31  per  cent  methanol.     Moisture  content  of  original  wood  =  7.00  per  c 


Residue  from  above 


Total  alcohol  in  distillate 


ry  Weight 

Pressure 

7  Per  cent 

Per  cent 

of 

for  3 

NaOH 

Water 

Methanol 

Methanol  on 

Per  cent 

Sample 

Hours 

Added 

Added 

Obtained 

Dry  Weight  of 

Methoxyl 

G. 

Lbs. 

Cc. 

Cc. 

G. 

Wood 

Content 

465 

105  tolls 

1500 

9.86 

2.12 

115  to  120 

600 

1.54 

0.33 

160  to  180 

600 

2.52 

0.54 

160  to  180 

600 

2.24 

0.48 

ISO  to  200 

600 

1.87 

0.40 

180  to  200 

600 

0.00 
18.03 

0.00 
3.87 

Table  IV — Percentage  of  Methoxyi.  Recovered  as  Methanol  prom  Western  Yellow  Pinb  Sawdust 
Treated  with  NaOH  Solution  under  Pressure 
xyl  content  of  original  wood  =  4.55  per  cent   =  4.70  per  cent  methanol.     Moisture  content  of  original  wood   =  7, 


Species  Treatment 

Western  yellow  pine  1 

f  " 

Residue  from  above  J     ? 

it 

Total  alcohol  in  distillate 

Final  residue 

Total  methoxyl  accounted  for  as  methanol  i 


Dry  Weight 

of 

Sample 


221  (Ze 

distillate  am 


Pressure 

for  3 

Hours 

Lbs. 

110  to  120 

UO  to  160 

160  to  180 

180  to  200 

ISO  to  200 

el)  no  methi 


7  Per  cent 
NaOH 
Added 


600 
600 
600 
600 


1.08 
0.00 
12.19 


50  per  cent) 

Percent 

Methanol  on 

Dry  Weight  of 

Wood 

1.47 

0.60 

0.60 

0.26 

0.00 

2.93 

2.93 
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in  the  same  manner  would  be  justified.  Tliis  conclusion  is 
substantiated  in  the  case  of  basswood  and  incense  cedar,  but 
not  in  the  case  of  tan  oak. 

In  Table  ^'I  it  ^ill  be  noted  that  the  chlorination  periods 
were  shortened  in  going  from  basswood  to  incense  cedar. 
In  basswood  the  30  and  45-minute  samples  were  not  extracted 
with  sodium  sulfite  after  the  first  15-minute  chlorination,  al- 
though they  were  stirred  at  5-minute  intervals.  Columns 
1  and  2,  Table  V,  show  very  Httle  lignin  and  methoxyl  re- 
moved by  the  second  15-niLnute  chlorination.    The  tan  oak 

Tabls  V — Distribution  ok  Methoxyl  in  Products  of  Wood 

Distillation 

(Figures  in  percentages  of  dry  weight  of  wood  distilled) 

Hard  Maple  WTiite  Oak  Incense 

6.09Per  o.l2Per  Cedar5.9Per 

cent — CHaO  cent — CHiO  cent— CHjO 

Products                            Blank  Blank  Blank 

PyroUgneous  acid                             1.62  1.16  0.97 

Dissolved  tar                                    0.34  0.22  0.10 

Settled  tar                                             0.52  0.46  1.04 

Gas  (calculated  as  CH4)                  1.31  1.34  1.60 
Total  methoxyl  recovered  in 

volatile  products                     3.79  3.  IS  3.71 
Volatile -CHjO 


Total -CHiO 
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and  incense  cedar  show  how  more  frequent  alternation  of 
chlorination  and  sodium  sulfite  extraction  may  reduce  the 
actual    chlorination    period    in    isolating    cellulose.    This 

has  been  studied  more  fuUy  and  will  appear  in  a  separate 
paper. 

Table  VI — Relation  o»  Methoxyl  to  Lignin 

(Figures  are  percentages  calculated  on  dry  weight  of  wood) 

Residual  Residual 
CHiO  X  100  Lignin  X  100  CH3O  X  lOO 

Lignin  CHjO      Lignin       Total  Lignin  Total  CHjO 
Basswood 
Original  wood                     20.7       5.02          24.2 

IS-minute  chlorination      5.16     1.23          23.8              24.9  24.3 

30-minute  chlorlnationo    5.06     1.01          20.0              24.4  20.1 

45-minuce  chlorination      3.39     0.78         23.0              16.3  15.5 

Tan  oak 
Original  wood  23.7       5.31  22.4 

10-minute  chlorination      5.29     2.34         44.2             22.3  44.0 

15-minute  chlorination       1.78     0.33          IS.  5                7.5  6.2 

20-minute  chlorination      1.38     0.17          12.3                5.8  3.2 

Incense  cedar 

Original  wood                     37.73     6.14          16.3                ...  ... 

5-minute  chlorination    10.7       1.10          10.3              28.3  17.9 

10-minute  chlorination      2.8       0.43          15.4                7.4  7.0 

15-minute  chlorination      1.0       0.16          16.0                2.6  2.6 

20-minute  chlorination      0.75     0.096        12.8                1.9  1.6 
o  Not  extracted  with  sodium  sulfite. 


Charles  Proteus  Steinmetz 


Vl^HEN  Charles  Proteus 
Steinmetz  died  on  Octo- 
ber 26,  1923,  science  lost  One  of 
its  unique  figures.  Bom  at 
Breslau,  Germany,  April  9,  1865, 
Dr.  Steinmetz  studied  mathe- 
matics, physics,  and  kindred 
subjects  at  the  University  of 
Breslau,  and  it  is  curious  to  note 
that  so  great  a  mathematician 
in  his  younger  j'ears  experienced 
much  difficulty  in  learning  the 
multipUcation  table.  While  at 
the  luiiversity  he  espoused  the 
cause  of  sociaUsm,  fell  under  the 
ban  of  the  German  Government, 
and  was  forced  to  leave  the  imi- 
versity  and  to  flee  the  coimtry. 
He  continued  his  studies  in  Swit- 
zerland and  was  persuaded  by 
an  American  student  at  the  Poly- 
technic at  Zurich  to  accompany 
Viim  to  America.  He  narrowly 
escaped  rejection  at  the  hands 
of  the  immigration  officials,  but 
within  two  weeks  after  admission 

was  devoting  his  talents  to  the  improvement  of  the  electric 
street  cars  at  Yonkers.  In  1893  he  joined  the  staff  of  the  Gen- 
eral Electric  Company,  and  there  foimd  the  congenial  environ- 
ment and  support  necessarj'  for  a  genius  like  his  to  accomplish 
most  for  the  benefit  of  mankind.  Freed  from  financial  worries, 
with  the  resources  of  a  great  corporation  in  cooperation  with  him, 
and  provided  with  facilities  for  the  furtherance  of  research,  he 
was  able  to  overcome  one  after  another  many  of  the  obstacles 
in  the  way  of  electrical  progress.  His  investigation  in  the  field 
of  magnetism,  which  led  to  formulating  and  determining  the  laws 
governing  the  losses  in  iron  subjected  to  varying  magnetic  in- 
duction, was  one  of  his  first  great  pieces  of  work.  It  made  possi- 
ble the  improvement  of  electrical  machinerj'  with  the  reduction  in 
the  n-eight  and  the  cost.      He  abolished  the  mystery  and  obscimty 


surrounding  alternating  current 
apparatus  and  did  much  to  teach 
engineers  how  to  design  machines 
with  as  much  ease  and  certainty 
as  those  employing  the  famihar 
direct  current. 

Of  late  years,  when  alternat- 
ing current  power  transmission 
lines  carrj'ing  large  amounts  of 
energy  spread  over  the  coimtry, 
he  turned  his  talents  to  the  study 
of  the  problem  of  protecting  such 
lines  from  lightning.  His  study 
of  the  phenomena  produced  by 
hghtning  effects  led  him  to  pro- 
duce his  famous  hghtning  gener- 
ator which  has  been  so  much 
discussed  in  the  pubhc  press. 

Dr.  Steinmetz's  practical  in- 
ventions literally  cover  the  entire 
field  of  electrical  apphcations, 
and  of  the  two  hundred  or  more 
patents  in  his  name  perhaps  most 
important  are  the  inductioa 
regulator,  the  method  of  phase 
transformation  as  from  two- 
phases  to  three  phases,  and  the  metallic  electrode  arc  lamp.  He 
was  a  prolific  inventor,  a  skilled  mathematician,  a  trained  engineer, 
and  an  inspiring  teacher,  not  only  possessing  marvelous  insight 
into  scientific  phenomena,  but  a  wonderful  ability  to  explain  in 
simple  language  the  most  difficult  and  abstruse  problems.  He  was 
the  author  of  many  original  scientific  papers  and  books,  was  an 
ardent  behever  in  the  value  of  education,  and  was  always  willing  to 
share  his  great  gifts  with  any  who  sought  his  coimsel.  He  was  a 
patient,  s>Tnpathetic,  and  cheerful  man,  with  a  fine  appreciation 
of  natiu-e,  and  one  who  constantly  made  friends  with  children. 
He  was  an  earnest,  simple  man,  who  devoted  his  mind  and  talents 
to  the  service  of  his  fellow-men  to  an  extraordinary  degree. 

His  life  was  a  successful  one  for  he  accomphshed  that  for  which, 
he  worked,  and  lived  as  pleased  him. 


December,  1923 
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LS  Rubber — A  New  Crude  Rubber' 

By  Ernest  Hopkinson 

United  States  Rubber  Co.,  New  York,  N.  Y. 


THE  methods  of  ob- 
taining from  latex 
the  standard  crude 
rubbers  which  appear  on 
the  market  today  are  gen- 
erally well  known  and  need 
to  be  only  briefly  described 
here.  Curiously  enough, 
fine  Para,  wliich  has  gen- 
erally been  considered  one 
of  the  best  crude  rubbers, 
is  obtained  by  a  very  ele- 
mental method.  The  na- 
tives accomplish  tliis  by  turning  a  stick  or  paddle  which  has 
been  dipped  in  late.x  over  a  smoky  fire  until  coagulation  and 
evaporation  take  place,  producing  a  film  of  rubber  on  the 
stick  on  which  successive  layers  are  added  until  the  mass  is 
of  such  size  as  to  become  unwieldy,  when  it  is  removed  from 
the  stick  and  sent  to  the  market.  Some  of  the  nonrubber 
constituents  of  the  latex  are  lost. 

In  the  manufacture  of  crepe  rubber  on  the  plantations  in 
the  East,  the  latex  as  collected  is  brought  to  approximately 
a  standard  dilution  of  20  per  cent  dry  rubber  content.  If  it 
is  desired  to  make  pale  crepe,  a  solution  of  sodium  bisulfite 
is  added  in  the  proportion  of  1  part  of  bisulfite  to  100  of  latex. 
Acetic  acid  is  employed  as  the  coagulant  and  is  usually  added 
as  a  5  per  cent  solution  in  such  quantities  as  to  give  0.1  per 
cent  on  the  latex.  Thorough  agitation  of  the  latex  during 
coagulation  is  essential.  The  coagulum  is  washed  to  remove 
tlie  acid  by  passing  a  few  times  tlu'ough  corrugated  rolls  and 
fuially  through  smooth  rolls.  The  number  of  passes  through 
the  creping  rolls  varies  from  five  to  ten,  depending  on  whether 
or  not  the  rubber  is  to  be  vacuum-dried  or  air-dried  and  also 
upon  the  thickness  desired. 

In  making  smoked  sheet  rubber,  the  latex,  preferably 
bulked  in  lots  of  50  gallons  or  more,  is  diluted  to  approx- 
imately a  standard  concentration  of  15  per  cent  dry  rubber 
content.  No  sodium  bisulfite  is  added.  Coagulation  is 
effected  by  adding  about  0.5  per  cent  on  the  latex  of  acetic 
acid  as  a  1  per  cent  Solution.  The  coagulation  is  carried 
out  in  rectangular  pans  and  the  slabs  of  coagulum  are  passed 
a  few  times  through  smooth  rolls  and  once  through  marking 
rolls.  Smoking  is  continued  until  the  sheets  are  dry,  the 
process  usually  requiring  from  9  to  10  days  at  a  temperature 
of  110°  to  120°  F. 

Blanket  rubber  is  made  in  the  same  general  way  as  crepe, 
and  is  milled  thick  prior  to  drying  or  it  may  be  plied  up  from 
thin,  chy  crepe. 

Table  I — Anai,yticai,  Data  of  Crudes,  Per  cent 

Acetone  Water 

Ash      Extract  Extract  Sugars  Proteins 

Fine  Para                0.50        3.30  O.SO  0.81  3.62 

Pale  crepe                0.30        3.20  0.40  0.30  2.94 

Smoked  sheet         0.31        3.10  0.85  0.30  2.40 

LS  rubber                1.10        4.25  6.50  1.40  4.20 

Slab  rubber  is  made  by  either  natural  or  acetic  acid  co- 
agulation and  is  not  strictly  a  market  grade.  The  slabs  of 
coagulum  are  simply  pressed  or  sheeted  from  0.5  to  1  inch  in 
tliickness,  and  may  be  entirely  dried  or  only  surface-dried. 
Much  trouble  results  from  shining  because  of  the  putrefaction, 
and  an  offensive  odor  is  developed  which  may  persist  in  cured 

'  Presented  before  the  Division  of  Rubber  Chemistry  at  the  65th  Meet- 
ing of  the  American  Chemical  Society,  New  Haven,  Conn.,  April  2  to  7,  1923. 


This  paper  gives  a  general  description  of  the  methods  of  mailing 
the  standard  crudes — fine  Para,  pale  crepe,  and  smoked  sheet. 

The  apparatus  for  making  sprayed  rubber  and  the  method  of 
operation  is  described. 

The  merits  of  sprayed  rubber  as  brought  out  during  a  period 
of  three  years'  testing  are  given  and  tables  are  shown  which  give 
analytical  data  and  physical  tests  of  sprayed  rubber  in  comparison 
with  fine  para,  pale  crepe,  and  smoked  sheet. 

Sprayed  rubber  is  uniform  in  quality,  ages  well  in  cured  stocks, 
gives  high  tensile  strength,  cures  quickly,  <"^d  is  of  broad  application 
in  the  manufacturing  of  rubber  goods. 

LS  RUBBER- 


goods.  Tills  rubber  ordi- 
narily cures  in  about  half  the 
time  required  for  pale  crepe 
in  the  10  per  cent  sulfur 
compound.  The  quick-cur- 
ing characteristics  are  due 
ill  part  to  the  maturation 
or  decomposition  of  the 
proteins,  but  the  exact 
identity  of  the  natural  ac- 
celerator has  not  been  de- 
termined. 
Sprayed  Rubber. 


In  studying  the  methods  by  which  crudes  in  common  use 
have  been  prepared,  the  wi-iter  was  impressed  with  the  im- 
portance of  giving  very  careful  consideration  to  the  solid 
constituents  of  latex  not  utilized  by  the  usual  methods  of 
preparation.  The  study  of  the  possibihty  of  utihzing  mate- 
rials which,  if  of  value,  should  very  appreciably  increase  the 
world's  rubber  supply  led  to  an  investigation  in  the  com- 
pany's plantations  in  Sumatra  and  in  its  general  laboratories 
at  New  York.  The  results  of  these  investigations  very  soon 
estabhshed  the  fact  that  when  prepared  by  certam  methods 
rubber  containing  constituents  not  usually  obtained  by  the 
coagulation  methods,  possesses  quahties  superior  to  the 
usual  rubbers. 

The  apparatus  for  producing  LS  rubber  which  has  so  far 
given  the  best  results  and  which  is  now  being  used  com- 
mercially is  known  as  the  disk  spray.  In  tliis  process  the 
latex  is  allowed  to  flow  onto  a  rapidly  revolving,  horizontally 
mounted  disk,  from  wliich  it  is  tlirowi  m  an  umbrella-shaped 
spray  or  mist  into  a  heated  current  of  air  or  inert  gas.  'The 
disk  is  located  at  the  top  of  a  tower,  generally  of  the  shape  of 
a  hollow  pjTamid,  and  the  fine  spray  of  rubber  globules 
falling  through  the  hot  air  or  gas  settles  on  the  bottom  of  the 
unit  as  a  dry,  creamy  white,  spongy  mass,  wliich  has  approxi- 
mately one-third  the  apparent  density  of  ordinary  crepe 
rubber.  A  current  of  heated  air  is  forced  in  at  the  top  of 
the  tower  and  escapes  at  the  outer  edge  of  the  bottom  of 
the  unit,  carrying  the  moisture  with  it.  The  rubber  globules 
are  dried  almost  instantly  and  the  rubber  shows  no  harmful 
effect  whatever  from  heat  required  for  evaporation.  The 
heat  is  suppUed  from  an  oil-burning  furnace  and  the  tem- 
perature at  the  entrance  and  exit  of  the  spray  unit  is  easily 
and  carefully  controlled.  The  capacity  of  the  spray  unit 
is  from  600  to  800  pounds  of  di-y  evaporated  rubber  per  hour, 
varying  with  the  total  solid  content  of  the  latex  used.  This 
process  of  making  rubber  is  continuous  since  the  bottom  of 
the  unit  consists  of  a  movable  platform  by  means  of  wliich 
the  dry,  spongy  rubber  is  easily  removed  from  the  floor  to  the 
baler.  The  rubber,  which  is  creamy  white  when  deposited, 
takes  on  the  appearance  of  commercial  light  brown  crepe 
when  creped  or  compressed. 

Characteristics  of  LS  Rubber 

CHEiucAL — In  general,  LS  rubber  has  higher  ash,  water 
extract,  acetone  extract,  and  nitrogen  content  than  either 
Para  or  plantation  rubbers.  (Table  I)  A  portion  of  the 
water-soluble  matter  is  also  extractable  by  acetone,  and 
corrections  must  therefore  be  made  in  determining  these 
amounts.     The  water-soluble  material   consists   of   nitroge- 
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nous  matter,  sugars,  and  inorganic  salts.  The  nitrogenous 
matter  is  largely  colloidal.  The  sugar.s,  which  are  of  the 
inositol  series,  make  up  about  1  per  cent  of  the  rubber.  The 
sugars  dried  during  evaporation  in  the  spray  process  are 
responsible  for  giving  LS  rubber  its  characteristic  sweet 
odor.  The  inorganic  salts  are  chiefly  potassium  phosphate, 
with  traces  of  magnesium  and  calcium  salts.  This  water- 
extractive  material  is  hygroscopic,  and  because  of  its  presence 
LS  rubber  contains  normally  about  1  per  cent  of  moisture. 
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Cure  in  minuses  at  40  pounds  in  strip  mold 

Fig.  1 — Average  Tensile  Strength  Curve  for  Twenty  Different 
Lots  of  Each  Crude  in  10  Per  cent  Sulfur  Stock 

Phy.sical — A  noticeable  characteristic  of  LS  rubber  is 
its  tough,  neri-y  quality.  This  is  attributed  to  two  causes — 
the  presence  and  nature  of  the  nonrubber  constituents,  and 
the  fact  that  the  finished  rubber  is  produced  almost  instan- 
taneously from  clean  late.x  and  therefore  need  not  be  sub- 
jected to  washing,  creping,  smoking,  drying,  and  various 
manipulations  required  for  Para  and  plantation  crudes.  The 
color  varies  from  Ught  brown  to  dark  brown,  depending  upon 
the  amount  of  compression  to  which  it  is  subjected  in  the 
baling  process.  The  extra  ner\-y  quality  of  LS  rubber  is 
illustrated  by  comparing  it  with  pale  crepe  on  a  standard 
mUl  under  identical  conditions,  and  the  results  of  this  test 
showed  an  increase  for  the  LS  rubber  of  approximatelj'  15  per 
cent  both  in  time  required  to  break  down  and  power  con- 
sumption. The  higher  power  consumption  of  LS  rubber 
during  mUling  was  confirmed  when  the  factories  carried  out 
works  tests  with  this  rubber.  It  is  of  interest,  however,  to 
note  that  when  the  factories  worked  with  quantities  of  LS 
rubber  made  from  regular  production  runs  on  the  plantation 
in  Sumatra,  the  difference  in  power  consumption  between 
this  rubber  and  the  standard  plantation  rubbers  was  smaller 
than  that  obtained  in  earUer  experiments  from  rubber  made 
in  the  experimental  unit,  and  the  harder  mUhng  qualities 
of  the  rubber  have  ceased  to  be  of  concern  with  the  factories 
using  it.  The  ability  of  LS  rubber  to  absorb  mineral  fillers 
has  not  been  found  to  be  appreciably  different  from  that  of 
standard  plantation  rubbers.  However,  the  LS  rubber  takes 
up  oil  during  mixing  appreciably  faster  than  do  the  other 
rubbers. 

In  cured  stocks  LS  rubber  gives  a  higher  tensile  strength 
than  any  other  crude,  a  slightly  lower  stretch,  and  a  higher 
breaking  set.  In  many  cases  a  tensile  strength  in  excess  of 
4000  pounds  per  square  inch  is  obtained  in  the  10  per  cent 
sulfur  compound.     Results  obtained  from  such  typical  com- 


pound of  LS  rubber.  Para,  pale  crepe  and  smoked  sheet  are 
given  in  Table  II.  In  Fig.  1  is  shown  the  average  tensile 
strength  curves  of  LS  rubber,  smoked  sheet,  pale  crepe,  and 
fine  Para  compiled  from  tests  of  twenty  samples  of  each 
rubber.  It  may  be  noted  that  the  LS  rulDber  gives  a  tensUe 
strength  about  10  per  cent  greater  than  any  of  the  others. 
The  effective  curing  range  of  this  rubber  as  a  crude  with  10  per 
cent  sulfur  covers  a  period  of  about  1  hour  (good  cures  being 
obtained  from  90  to  150  minutes  at  40  pounds  in  a  strip 
mold).  In  Figs.  2,  .3,  and  4,  the  curves  of  the  tensile  strength 
obtained  for  a  number  of  tests  made  on  LS  rubber,  smoked 
sheet,  and  pale  crepe,  respectively,  are  shown.  Each  curve 
for  smoked  sheet  and  pale  crepe  represents  duplicate  control 
tests  on  a  regular  shipment  of  these  rubbers.  Each  LS  rubber 
curve  represents  a  test  on  a  different  lot  of  LS  rubber  made 
in  the  experimental  unit.  When  it  is  considered  that  these 
lots  of  LS  rubber  were  made  from  latex  in  which  the  per- 
centage of  preservative  was  not  constant,  which  was  shipped 
in  different  kinds  of  containers  and  which  had  been  handled 
in  different  ways,  the  uniformity  of  the  tests  is  considered  tc^ 
be  remarkable.  Moreover,  from  the  fact  that  in  no  case 
have  poor  lots  of  LS  rubber  been  obtained  such  as  have  been 
obtained  in  smoked  sheet,  pale  crepe,  and  fine  Para  ship- 
ments, it  is  thought  that  it  can  safely  be  concluded  that  LS 
rubber  is  of  more  uniform  quality  than  any  other  crude  rubber 
which  has  been  produced  on  a  commercial  scale.  This  is  of 
great  importance  to  the  users  of  rubber,  since  it  is  a  long- 
sought  quality  in  crude  rubber  which  has  not  been  previously 
obtained  by  the  producers  of  plantation  rubber. 

The  abrasion  qualities  of  stocks  containing  LS  rubber  are 
equal  and  in  many  cases  superior  to  the  same  type  of  stocks 
made  with  standard  rubbers.  Inner  tubes  seem  to  have 
greater  resistance  to  tearing  if  made  with  LS  rubber. 

Rate  of  Cure — Another  remarkable  ciuality  is  the  rapid- 
curing  characteristic  of  LS  rubber.  For  example,  the  cure 
for  a  few  of  the  standard  crudes  with  10  per  cent  sulfur  in  a 
strip  mold  at  40  pounds  steam  pressure  is  for  fine  Para  V2  to 
4  hours,  for  pale  crepe  3  to  S'/z  hours,  smoked  sheet  2^/4  to 
SVzhours,  and  for  LS  rubber  IV2  to  2  hours.  The  accelerating 
quality  of  this  rubber  as  a  crude  is  maintained  in  compounded 
stocks — a  fact  which  is  not  true  for  certain  quick-curing 
plantation  rubbers  of  the  matured  slab  type.  This  acceler- 
ating property  permits  either  an  economy  in  compounding 
cost  by  virtue  of  a  reduction  in  the  amount  of  accelerator 
requu'ed,  or  a  saving  in  curing  cost  if  a  shorter  cure  is  desired. 
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The  natural  accelerator  of  vulcanization  in  LS  rubber  is 
present  in  the  water-soluble  nonrubber  constituents.  The 
exact  identity  of  the  various  ingredients  maldng  up  the  non- 
rubber  constituents  lias  not  been  determined,  but  it  is  be- 
lieved that  some  of  these  ingredients  accelerate  the  rate  of 
cure,  some  are  neutral,  and  some  may  possibly  have  a  retard- 
ing action  on  vulcanization. 
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Cere  in  minutes  at  iO pounds  in  strip  mold 
Fig.  3— Tsnsilb  Strength  Cusvbs  Control  Tests  on  Smoked  Sheet 

From  extensive  tests  made  on  LS  rubber  from  which  the 
water-soluble  constituents  were  carefuUy  removed,  it  was 
determined  that  the  qualities  of  such  prepared  rubbers  were 
inferior  to  the  regular  unwashed  rubber,  and  for  most  pur- 
poses it  is  not  considered  desirable  to  remove  these  nonrubber 
constituents  from  commercial  LS  rubbers. 

A  tire-tread  stock  containing  standard  plantation  crudes 
which  cures  in  105  minutes  at  40  pounds  in  a  mold  will  cure 
in  about  75  minutes  if  LS  rubber  is  used.  In  the  case  of  an 
inner-tube  compound  the  cure  on  the  standard  tube  was 
reduced  from  24  minutes  to  from  12  to  15  minutes  by  sub- 
stituting LS  rubber  for  the  standard  plantation  crudes. 
Proportionate  reductions  in  curing  time  have  been  noted  in 
all  cases  where  this  rubber  has  been  used.  This  quick-curing 
characteristic  has  not  caused  trouble  'nith  mill  burning  of 
stocks  in  the  factories  where  a  great  many  tons  of  LS  rubber 
have  been  used  in  the  production  of  standard  products. 


Table  II — Typical  Curing 

Range  of  Each  Crude  10  Per  cent 

Sulfur 

Time  in 

Minutes 

(At  40  pounds  pres 
Pale  Crepe 
1.50                  165 

sure) 
ISO 

19S 

210 

Tensile 
Stretch 
Set 

2.380 
10.4 
0.13 

2970 
10.4 
0.16 

3420 
10.1 
0.16 

3310 

9.8 

0.15 

23S0 

8.6 

0.12 

Time  in 

Minutes 

120 

Smoked  Shee 
150 

165 

ISO 

210 

Tensile 
Stretch 
Set 

26S0 
10.5 
0.14 

3020 
10.3 
0.17 

3365 
10,2 
0.17 

2890 

9.S 

0.16 

1140 

7.3 

0.07 

Time  in 

Minutes 

90 

LS  Rubber 
105 

120 

135 

150 

Tensile 
Stretch 
Set 

3355 
10.3 
0.20 

3740 
10.2 
0.21 

3S75 
10.0 
0.22 

3570 
9.8 
0.22 

3380 
9,5 
0.20 

Time  in 

Minutes 

Fine  Para 
150 

180 

210 

240 

Tensile 
Stretch 
Set 

2085 
10.2 
0.14 

2730 
10.4 
0.16 

3475 
10.3 
0.1.7 

3475 
10.3 
0.22 

Aging  Qualities — Another  valuable  property  of  LS  rubber 
is  its  good  aging  quaUty,  it  being  very  much  superior  to  pale 
crepe  and  smoked  sheet,  and  equal  at  least,  if  not  superior,  to 
fine  Para.  This  improved  aging  quahty  is  clearly  apparent 
when  accelerated  aging  tests  are  carried  out  on  the  crude 
compound  with  10  per  cent  sulfur,  and  Table  III  gives  data 
for  such  a  test  in  comparison  with  crepe,  sheet,  and  para. 


Pale  crepe 
Smoked  sheet 
LS  rubber 
Fine  Para 

Pale  crepe 
Smoked  sheet 
LS  rubber 
Fine  Para 


Smoked  sheet 


:  Para 


Unde 
2750 
2755 
3335 
2730 

3260 
3080 
3300 
2765 

2140 
1725 
2660 
2030 


3005 
3265 
3475 


3430 
3350 
3570 
3475 
1  Week's  Hei 
3215  2510 
3115  2605 
3145  3150 


-Aging  Data 
. — Stretch — 

Opti- 
Under  mum  Oi 
3080  10.4  10. I  S. 


:(  Aging  at  150°  F. 
9.4     9.1     8.1 


8.6 


8.2     8 
2930     3215  10.1     9.7     9 
2  Weeks'  Heal  Aging  al  ISO 
1835       215     8.1     7.3     3.8 
1230       330     7.5     6.3 
2660     2495     8.1     7.6 
2685     2335     8.9     8.7 


3.8 
7.3 
7.9 


Undei 

0.13 

0.14 

0.16 

0.16 

0.16 
0.14 
0.24 
0.15 

0.13 
0.10 
0.16 
0.14 


1  Over 
0.12 


0.14 
0.15 
0.28 


0.12 
0.07 
0.22 
0.16 


0.00 
0.00 
0.21 
0.15 


160 


Pale  crepe 
Smoked  sheet 
LS  rubber 
Fine  Para 

Each  stock 
second  being  the  opti~ 
was  taken  as  the  opti 
Time 


3  Weeks'  Heal  Aging  al  ISO'  F. 


104 
135 
390 


2.7 
2.3 

6.0     3.5 

;       155     3.8     3.7 

given  a  range  of  three  cure 

and  the  third  being  i 

cure.      The  cures  are 


0.00 

0.00 

0.02 

0.00 

the  first  being  under,  the 
2r.  The  optimum  tensile 
s  follows: 


2.4 


0.00 
0.00 
0.08 
0.00 


0.00 
0.00 
0.00 
0.00 


■  Minutes  at^40  Pounds  Pres 


JRS 


Pale  crepe 
Smoked  sheet 
LS  rubber 


Under 
150 
ISO 
105 
180 


Optimum 
ISO 
180 
120 
210 


210 
210 
135 
240 


All  rubbers  were  cured  with  10  parts  of  sulfur  on  100  parts  of  rubber. 

Shelf  aging  tests  covering  a  period  of  three  years  have  checked 
the  accelerated  aging  tests,  and  demonstrate  beyond  all  doubt 
that  this  rubber  has  unusual  aging  qualities  in  cured  goods. 
This  quality  may  be  due  to  both  the  protective  action  of  the 
nonrubber  constituents  present  and  to  the  method  of  prep- 
aration. 
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Fig.  4 — Tensile  Strength  Curves  Control  Tests  on  Pale  Crepe 

Application 

LS  rubber  has  been  used  in  tire  treads,  carcass  compounds, 
inner  tubes,  soles,  heels,  belt  covers,  cements,  and  rubber 
goods  generally,  and  because  of  its  superior  quaUties  of  uni- 
formity, aging,  high  strength,  and  quick  cure,  it  has  a  wide 
and  rapidly  growing  application. 
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Annual  inspection  of  the  mineral  wells  and  springs  in  Kentucky, 
Tennessee,  Mississippi,  Texas,  Arkansas,  and  Missouri  that 
ship  water  into  interstate  commerce  has  been  completed  by  the 
Bureau  of  Chemistry,  over  100  commercial  wells  having  been 
visited.  Improvement  in  the  sanitary  conditions  about  the 
wells  and  springs  and  in  methods  of  bottling  the  water  was  noted 
in  various  places. 
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Automatic  Char-Filtration  Apparatus' 


By  W.  D.  Home  and  E.  W.  Rice 

TiONAL  Sugar  Refinsry,  Yonkers,  N.  Y. 


IN  COMPARING  the  values  of  samples  of  bone  black  for 
sugar  filtration  it  is  customary  to  run  comparative  fil- 
tration tests.  Similar  filtration  experiments  are  of  great 
practical  value  in  comparing  some  of  the  properties  of  sugars 
themselves,  as  well  as  varying  methods  of  treatment.  Thus, 
the  effects  of  the  reaction  of  the  solution,  its  time  of  contact, 
concentration,  temperature,  the  ratio  of  char  to  sugar  solids, 
the  shape  and  proportions  of  the  filter,  the  depth  of  char,  and 
other  factors  are  all  occasionally  to  be  considered. 

In  applying  these  tests  it  is  desirable  that  the  conditions 
be  such  that  resmts  obtained  experunentally  on  a  small  scale 
shall  be  interpretable  as  far  as  possible  into  refinery  practice 
on  a  working  scale.  Among  the  house  conditions  required 
to  be  simulated  in  the  laboratory,  that  of  length  of  time  of 
contact  has  been  one  of  the  most  inconvenient  ones  to  arrange, 
as  the  bone  black  in  refinery  practice  is  usually  in  contact 
with  flowing  sugar  solution  for  many  hours,  and  a  laboratory 
test,  to  be  most  accurate,  should  provide  this  feature  as  well 
as  others.  Hence  the  need  of  some  automatic  device  to  feed 
a  sugar  solution  steadily  upon  the  char,  to  draw  it  off  with 
sufficient  regularity,  and  to  segregate  the  successive  portions 
of  the  filtrate  in  individual  containers.  It  is  the  purpose  of 
this  paper  to  describe  such  a  device,  as  briefly  as  possible, 
omitting  details  of  the  various  trials  leading  up  to  the  satisfac- 
tory accomplishment. 

The  apparatus  devised  consists  of  three 
main  divisions.  The  central  feature  is  a 
set  of  copper  tubes  properly  held  in  a  ver- 
tical position  in  a  water  bath,  the  tempera- 
ture of  which  is  regulated  by  a  thermostat. 
The  filter  tubes  for  containing  char  have 
smaller  bottom  tubes  passing  through  the 
bottom  of  the  bath  which  are  provided 
with  cocks.  There  is  a  wire  gauze  in  the 
bottom  of  each  filter,  overlaid  by  a  disk  of 
cloth.  The  determined  amount  of  char  (a 
few  hundred  grams)  having  been  placed  in 
the  filter,  the  determined  number  of  grams 
of  sugar  solids  in  solution  are  run  through 
the  char  in  the  required  time. 

If  the  size  of  the  filter  is  to  be  kept 
within  convenient  dimensions,  a  rate  of 
flow  which  is  so  slow  as  to  be  difficult  to 
provide  in  any  ordinary  manner  is  some- 
times necessary.  Tliis  difficulty  is  met  by 
the  second  part  of  the  apparatus,  the 
feeding  device.  The  feed  is  accompUshed 
by  a  cylindrical  container  in  the  top  of  wliich  is  an  inverted 
bottle  containing  the  sugar  solution  to  be  used.  Tliis  pro- 
vides a  reasonably  constant  head  of  the  Uquid  in  the  cylin- 
der, for  the  solution  flows  out  of  the  bottle  into  the  cylin- 
der until  it  rises  high  enough  to  close  the  end  of  the  feed 
tube,  after  which  the  level  is  automatically  controUed  to 
■ft-ithin  about  1.5  mm.  while  the  bottle  is  nearly  full,  and  to 
within  about  5  mm.  when  it  is  nearly  empty. 

These  slight  variations  of  head  are  negligible,  for,  while 
they  may  cause  a  very  small  variation  in  rate  of  flow  as 
between  the  moments  before  and  after  any  individual  de- 

'  Presented  before  the  Division  of  Sugar  Chemistry  at  the  66th  Meet- 
ing of  the  American  Chemical  Society,  Milwaulcee,  Wis..  September  10  to 
14,  1923. 


livery  of  solution  from  the  bottle  to  the  cylinder,  the  rate  of 
flow  considered  as  a  whole  remains  constant.  From  the 
bottom  of  the  cylinder  runs  a  small,  rubber  feed  pipe  con- 
nected with  a  fine  copper  tube  35  cm.  long  and  of  1.5  mm. 
internal  diameter,  forming  a  gooseneck,  the  top  level  of  which 
is  carefully  set  in  reference  to  the  level  of  the  liquid  in  the 
cyUnder  so  as  to  give  the  required  hydrostatic  head  and  rate 
of  flow.  The  long,  narrow  tube  is  essential  to  produce  enough 
frictional  resistance  to  allow  an  appreciable  head  for  the  solu- 
tion in  the  cylinder.  From  the  gooseneck  the  solution  drips 
very  slowly  into  a  glass  tube  leading  into  the  filter. 

It  would  be  simpler,  were  it  practicable,  to  feed  from  an 
inverted  bottle  directly  into  the  char  filter,  and  regulate  the 
rate  of  flow  by  adjusting  the  level  of  the  gooseneck  tube 
leading  to  the  distributing  device,  but  it  has  been  found  that, 
owing  to  the  disengagement  of  air  from  the  char  or  other 
causes,  a  very  slow  constant  rate  of  flow  through  the  char 
could  not  be  maintained.  By  having  the  independent  feed 
described  above,  the  level  of  the  liquid  will  rise  in  the  filter, 
if  the  flow  ceases,  until  the  increased  head  sets  the  flow  into 
operation  again. 

The  tliird  part  of  the  apparatus  is  the  distributor  which 
properly  cares  for  the  char  filtrate.  After  the  dripping  liquid 
has  gradually  filled  up  the  filter  to  a  point  a  httle  above  the 
char  level,  the  filtered  solution  begins  to  overflow  through 
an  external  tube  and  gooseneck  into  the  distributing  device. 

The  distributor  is  a  brass  tube  about  30  cm.  long  and  of 
6  mm.  inside  diameter  attached  verticaUy  by  a  clamp  to  the 
outside  of  the  water  bath  that  holds  the  filters,  and  has  at 
its  lower  end  a  series  of  1.5-mm.,  short  metal  tubes  radiating 
from  it  at  differences  in  height  of  about  1  cm.  The  filtrate 
dripping  into  the  brass  tube  flows  slowly  out  of  the  lowest 
of  these  radiating  tubes  into  a  100-cc.  bottle.  The  neck  of 
this  bottle  is  closed  by  a  stopper  through  which  passes  a  fine 
brass  tube  that  connects  very  closely  end  to  end  with  the 
lowest  radiant  tube  by  means  of  rubber  tubing.  Through 
the  collecting  stopper  passes  vertically  a  second  brass  tube 
10  cm.  long,  the  lower  end  of  which  stands  at  the  level  where 
the  filtrate  is  to  be  stopped.  When  the  first  collecting  bottle 
becomes  full,  the  filtered  solution  from  the  char  collects  in 
the  vertical  brass  distributing  tube  until  its  level  rises  1  cm. 
when  it  begins  to  flow  into  the  second  collecting  bottle.  This 
operation  continues  through  the  cycle  of  as  many  bottles  as 
desired.  In  order  to  insure  certain  passage  of  the  filtered 
liquor  through  these  fine  tubes  leading  to  the  bottles,  it  is 
well  at  the  assembling  of  this  part  of  the  apparatus  to  moisten 
the  inside  of  the  various  single  tubes  with  water  to  decrease 
resistance  to  the  first  flow  of  sugar  solution.  Care  should 
be  taken,  however,  that  the  air  outlet  tubes  from  the  bottles 
contain  no  drops  of  water  to  cause  back  pressure. 


Effect  of  Sea  Water  on  Glass 

The  Bureau  of  Standards  has  conducted  an  investigation  on 
the  effect  of  sea  water  on  various  types  of  glass  to  determine 
the  best  kind  to  use  for  the  lenses  of  signal  lights  on  ship  board. 
From  the  data  secured,  the  damage  which  these  lenses  often  suffer 
appears  to  be  caused  by  the  evaporation  of  sea  spray,  which 
leaves  a  deposit  of  salt  on  the  surface  of  the  lens.  This  eventually 
etches  the  glass.  Three  types  of  glass— borosilicate,  lead  glass, 
and  ordinary  soda-lime  glass — have  been  investigated.  Under 
the  conditions  of  the  test,  lead  glass  etched  considerably,  while 
the  other  two  did  not. 
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The  Oxidation  of  Ferrous  Sulfate  to  Ferric  Sulfate 
by  Means  of  Air' 


By  J.  H.  Reedy  and  J.  S.  Machin 

University  of  Illinois,  Urbana,  III. 


THE  conversion  of  ferrous  sulfate  into  ferric  sulfatf 
takes  on  practical  importance  in  the  Rio  Tinto 
process  for  extracting  copper  from  poor  pyritic  ores, 
in  which  ferric  suKate  solution  is  used  as  the  leacliing  agent. 
Jones^  has  represented  the  fundamental  reactions  involved 
as  follows: 

CujS  +  Fe2(S04)3 — >CuSO.  +  2FeS04  +  CuS  and 
CuS  +  Fe,(S04)3  +  30  +  H2O — ^CuSOi  +  2FeS04  +  H2SO4 
The  copper  is  precipitated  from  the  leaching  solution  by 
scrap  iron,  and  if  the  ferrous  sulfate  formed  could  be  readily 
oxidized  to  ferric  sulfate,  this  process  might  be  made  cyclic 
and  continuous,  resulting  in  a  great  saving  of  time  and 
material. 

Contrary  to  popular  opinion,  ferrous  sulfate  cannot  be 
completely  oxidized  to  ferric  sulfate  very  readily  by  means 
of  air,  notwithstanding  the  fact  that  the  reaction  is  highly 
exothermic  and  for  this  reason  might  be  expected  to  proceed 
rapidly.  Experiment  shows  that  the  reaction  velocity  falls 
off  very  rapidly,  and  a  surprisingly  long  time  is  required 
for  complete  oxidation. 

Various  attempts  have  been  made  to  develop  methods  for 
the  regeneration  of  ferric  sulfate  from  the  reduced  salt. 
Notable  in  this  respect  is  the  method  of  Austin,^  ui  which 
a  blast  of  air  was  forced  into  a  hot  solution  of  ferrous  sulfate. 
An  efficiency  of  only  58  per  cent  was  attained,  and  a  con- 
siderable amount  of  iron  was  precipitated  as  basic  sulfate 
unless  a  certain  amount  of  free  sulfuric  acid  was  present. 
This  incomplete  oxidation  is  very  unsatisfactory,  for  Thomas^ 
has  shown  that  the  presence  of  ferrous  sulfate  hinders  the 
solvent  action  of  ferric  sulfate  on  copper  sulfide.  Other 
ways  of  bringing  about  this  oxidation  have  been  tried,  but 
with  poor  results. 

Following  is  a  brief  account  of  the  results  of  a  study  of 
the  conditions  which  influence  the  speed  of  tliis  reaction. 

Effect  of  Concentration  and  Temperature 

Solutions  of  ferrous  sulfate  of  strengths  ranging  from  2 
to  7  per  cent  by  weight  (calculated  as  the  anhydrous  salt) 
were  aerated  by  bubbling  air  through  them.  The  amount 
of  free  acid  was  varied  from  zero  to  about  5  per  cent,  and 
temperatures  of  2.5°,  55°,  80°,  and  95°  C.  were  used.  These 
tests  showed  that  the  concentration  of  the  ferrous  sulfate 
makes  little  difference  in  the  velocity  of  the  reaction,  that 
the  reaction  proceeds  somewhat  better  in  neutral  than  in 
acid  solutions,  and  that  the  speed  of  the  reaction  is  greatly 
increased  at  higher  temperatures.  In  neutral  solutions 
basic  salts  were  precipitated.  The  composition  of  tliis  pre- 
cipitate seemed  to  be  unaffected  by  change  in  temperature, 
a  representative  analysis  showing  68.95  per  cent  iron,  9.71 
per  cent  sulfate,  and  21.3-1  per  cent  (by  difference)  hydrogen 
and  oxygen.  This  composition  indicates  a  mixture  of  sub- 
stances, presumably  basic  ferric  sulfate  and  coUoidal  ferric 
hydroxide. 

■  Received  July  1.1.  192.3. 

'  Trans.  Am.  Insl.  Mining  Met.   £«?.,  35,  3   (190.-.);   Mineral  Ind.,    12, 
112  (1903). 

>  "Mines  and  Methods,"   September,    1910;    Greenwalt,   "Hydrometal- 
lurgy  of  Copper,"  1912,  p.  194. 

>  Melallurgie,  1,  59  (1904). 


Sulfur  Dioxide  as  a  Source  of  Sulfuric  Acid 

It  has  been  suggested  that  the  free  sidfuric  acid  required 
to  prevent  the  formation  of  basic  salts  might  be  obtained 
from  the  sulfur  dioxide  in  stack  fumes.  Air  containing  sulfur 
dioxide  was  passed  through  a  tube  containing  ferric  oxide 
at  550°  C,  and  the  product  passed  directly  into  ferrous  sul- 
fate solution.  It  was  found,  however,  that  the  oxidation 
of  sulfur  dioxide  to  sulfuric  acid  was  not  complete  unless 
the  concentration  of  the  sulfur  dioxide  was  very  low  (about 
0.5  per  cent  by  volume),  and  that  the  unchanged  sulfur  di- 
oxide, by  its  reducing  action,  prevented  the  oxidation  of 
ferrous  sulfate  to  ferric  sulfate.  When,  however,  the  amount 
of  sulfur  dioxide  was  sufliciently  low,  the  oxidation  proceeded 
slowly  without  the  formation  of  any  basic  salt. 

Catalytic  Effects 

The  foregoing  results  suggest  that  this  reaction  might  be 
made  to  run  more  smoothly  under  the  influence  of  the  proper 
catalyst.  Manganese  dioxide  seemed  to  be  the  most  likely 
contact  agent,  since  the  oxides  of  the  other  metals  showing 
multiple  valences — e.  g.,  cobalt,  lead,  copper,  etc. — are  sol- 
uble in  dilute  sulfuric  acid  and  would  be  leached  out  in  a 
very  short  time. 

After  trying  other  de- 
vices, a  continuous  auto- 
matic method  in  which 
the  solution  was  made 
to  circulate  cychcally 
through  a  tower  contain- 
ing the  catalyst  was  de- 
vised. The  apparatus"'^ 
is  represented  diagram- 
matically  in  the  figure. 
The  cylinder  A  contains 
the  ferrous  sulfate  solu- 
tion to  be  oxidized.  A 
blast  of  air  is  passed 
into  the  tube  B,  and  a 
mixture  of  the  solution 
and  air  bubbles  is  car- 
ried over  into  the  tower 

C  containing  the  catalyst.  A  countercurrent  of  air  is  intro- 
duced into  the  bottom  of  the  tower  at  D,  and  the  oxidized 
solution  is  returned  to  A  by  means  of  the  tube  E.  In  the 
first  runs  made,  the  catalyzing  tower  was -charged  with  pum- 
ice stone  covered  with  pure  manganese  dioxide,  prepared 
by  the  reduction  of  potassium  permanganate.  This  pro- 
cedure was  unsatisfactory,  however,  since  the  manganese 
dioxide  washed  off  easily,  and  seemed  to  become  coated  over 
with  a  deposit  of  basic  ferric  sulfate. 

Native  manganese  dioxide  (pyrolusite)  was  next  tried. 
The  catalyzing  tower  was  filled  with  pieces  about  1  cm.  in  size, 
and  a  normal  solution  of  ferrous  sulfate  containing  the  the- 
oretical amount  of  sulfuric  acid  for  the  formation  of  the  nor- 
mal ferric  sulfate  was  used.  The  solution  was  run  into  the 
top  of  the  tower  at  the  rate  of  100  cc.  per  minute.  After 
all  the  solution  had  passed  through  once,  a  test  showed  that 
82  per  cent  of  the  iron  had  been  oxidized  to  the  ferric  condi- 
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tion.  The  o.xidation  was  complete  after  passing  the  solution 
through  the  tower  five  times.  Equally  satisfactorj'  results 
were  obtained  with  other  concentrations  of  ferrous  sulfate 
solution.  All  these  runs  were  made  at  room  temperature. 
Neutral  solutions  of  ferrous  sulfate  gave  considerable  amounts 
of  the  basic  sulfate,  covering  the  catalyst,  especially  where 
the  pieces  touched  each  other  or  the  walls  of  the  tower.  Using 
solutions  containing  the  theoretical  amount  of  acid,  only 
little  basic  sulfate  was  formed,  and  this  did  not  appear  to 
reduce  the  efficiency  of  the  process  appreciably.    The  cata- 


lyst is  easily  cleaned  without  remo^^ng  it  from  the  tower 
by  washing  with  a  httle  dUute  sulfuric  acid. 

The  same  lot  of  manganese  dioxide  was  used  for  all  the 
runs  made  and  during  these  experiments  showed  no  tendency 
toward  becoming  "poisoned"  or  otherwise  losing  its  efficiency. 
The  pyrolusite  used  showed  on  analysis  the  usual  impurities 
cormnon  to  the  mineral — iron,  silica,  etc.  It  is  very  inter- 
esting to  note  that,  while  this  impure  substance  was  wonder- 
fully active  as  a  catalyst,  the  pure  material  had  verj'  httle 
action. 


Analysis  of  Mixed  Salts  by  Freezing  Point  Method' 


By  Howard  E.  Batsford 

1520  Sunset  Ave.,  Utica,  N.  Y. 


ANALYSIS  by  freezing  point  method  has  been  prac- 
ticed in  isolated  cases  for  some  time,  and  can  be  used 
to  good  advantage  in  a  plant  where  mixtures  of  fairly 
pure,  simple  salts  are  encountered. 

So-called  freezing  point  curves  of  various  salt  mixtures 
in  which  binary,  ternary,  and  quaternarj'  mixtures  are  in- 
volved have  been  mentioned  in  the  hterature.  From  Ger- 
man literature  the  triangular  method  of  plotting  the  ternary 
mixtures  used  in  this  article  is  obtained. 

In  1920  Lautsberry 
and  Page-  published  the 
results  of  their  search 
for  simple  mixtures  of 
molten  salts  suitable  for 
steel  treatment.  They 
used  sodium,  calcium, 
and  potassium  chlorides, 
and  arrived  at  the  fol- 
lowing data: 

1 — With  sodium  and 
potassium  the  minimum 
freezing  point  is  650°  C. 
for  55  per  cent  potassium 
chloride. 

2 — With    calcium    and 
sodium  chlorides  the  min- 
imum   freezing    point    is 
„  _,    -,  '505°  C.  for  72.5  per  cent 

CaCU  Mixtures  ^^1^;^^^  chloride. 

3 — With  calciiun  and  potassium  chlorides  two  eutectics  and  a 
maximum  point  were  obtained.  The  maximum  freezing  point 
is  725°  C.  for  2KC1.3CaCl2.  The  two  eutectics  are  608°  C. 
with  17.5  per  cent  potassium  chloride,  and  590°  C.  with  60  per 
cent  potassium  chloride. 

4 — With  potassium,  sodium,  and  calcium  chlorides  two  eutec- 
tics were  obtained — namely,  495°  C.  for  70  per  cent  calcium 
chloride,  25  per  cent  sodium  chloride,  and  5  per  cent  potassium 
chloride;  530°  C.  for  30  per  cent  calcixmi  chloride,  20  per  cent 
sodium  chloride,  and  50  per  cent  potassium  chloride. 

These  results  show  in  large  print  in  the  plot  of  ternary 
mixtures    (Fig.  2). 

In  order  to  prepare  for  such  analyses  in  plant  control  work, 
a  series  of  salt  mixtures  should  be  prepared  and  analyzed  and 
then  used  for  freezing  point  determination,  thus  yielding  a 
freezing  point  curve  which  will  be  a  great  time  saver  to  the 
chemist  or  plant  control  man. 

Such  plots  have  been  prepared  in  the  case  of  sodium 
and  calcium  chlorides,  and  mixtures  of  sodium,  calcium,  and 

1  Received  May  21,  1923. 

•y.  Soc.  Chem.  Ind.,  39,  37  (1920). 


Fig. 


Percent    NaCI 
-Freezing  Point  Curve  of  NaCl- ' 


potassium  chlorides,  and  are  showTi  with  proper  explanation 
of  their  use  in  analysis. 

The  ordinary  method  of  routine  analysis  of  salt  mixtures 
consists  in  getting  the  percentage  of  calcium  and  chlorine 
and  estimating  the  sodium  by  difference.  By  use  of  the 
curve  shown  in  Fig.  1  the  analysis  is  easily  obtained  by  running 
the  calcium  volumetrically  with  standard  oxalic  acid  and 
determining  the  freezing  point.  For  instance,  let  us  assume 
a  salt  mixture  containing  15.63  per  cent  calcium  and  having 
a  freezing  point  of  660°  C.  There  are  two  mixtures  with 
this  freezing  point,  but  only  one  answering  to  the  calcium 
analysis — namely,  56.65  per  cent  sodium  chloride  and  43.35 
per  cent  calcium  chloride. 

Fig.  2  show's  the  type  of  curve  plot  used  with  ternary 
mixtures  of  salts.  Here  the  plot  is  in  the  form  of  a  triangle 
with  the  pure  salt  at  each  corner  and  various  diminishing 
percentages  represented  by  parallel  Unes  at  regular  distances 
from  the  corner.  Thus,  the  top  point  of  the  triangle  stands 
for  100  per  cent  potassium  chloride  and  the  line  connecting 
the  other  two  corners  is  zero  per  cent  potassium  chloride. 
The  curves  shown  are  isotherms,  or  lines  extending  through 
various  mixtures  having  the  same  freezing  point.  The  mix- 
ture ha\ing  the  lowest  freezing  point  is  called  the  eutectic 
and  in  this  plot  is  of  practically  constant  sodium  chloride 
content  for  a  change  of  30  per  cent  calcium  and  potassium 
chlorides. 


Fig.  2 — Freezing  Points  of  Mixtures  of  NaCl,  CaClj,  and  KCI 

Let  us  assume  the  analysis  of  a  mixture  of  these  three 
salts  yields  the  following: 
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Calcium,  14.43  per  cent,  equivalent  to  40.00  per  cent  CaCl.; 
freezing  point,  620°  C. 

By  consulting  Fig.  2  at  the  proper  freezing  point  the  mix- 
ture is  found  to  consist  of  40  per  cent  calcium  chloride,  46 
per  cent  sodium  chloride,  and  14  per  cent  potassium  chloride. 

These  and  similar  curves  are  also  very  useful  for  the  re- 
verse operation — namely,  the  determination  of  freezing 
points  of  various  salt  mixtures,  especially  in  connection  with 
the  operation  of  the  so-called  fused  electrolj'te  furnaces.    A 


very  close  control  can  be  kept  on  the  feeding  of  these  furnaces 
by  a  systematic  follow-up  of  freezing  points. 

The  usual  procedure  of  freezing  point  determination  is 
to  fill  a  small  iron  crucible  with  molten  salt  mixture,  suspend 
in  it  a  base-metal  thermocouple,  and  record  the  temperature 
or  freezing  point  curve  on  a  suitable  graphic  instrument. 
Just  before  complete  solidification  the  couple  may  be  with- 
drawn from  the  salt  and  washed  in  readiness  for  the  next 
determination. 


The  Vapor  Pressures  of  Gasolines  and  Light  Petroleum 

Naphthas' 


By  F.  H.  Rhodes  and  E.  B.  McConnell 

Cornell  University,  Ithaca,  N.  Y. 


UPON  the  vapor  pres- 
sure exerted  by  a 
gasoline  or  a  light 
petroleum  naphtha  at  or 
slightly  above  the  ordinary 
temperatures  depend,  to  a 
considerable  extent,  the  loss 
wliich  will  be  incurred  when 
the  material  is  handled  or 
stored,  the  internal  pressure 

developed  in  shipping  containers  used  for  transporting  the 
material,  the  fire  hazard  incurred  in  handling  the  naphthas, 
and  the  ease  with  which  the  gasoline  may  be  vaporized  in 
the  carburetor  of  an  internal  combustion  engine. 

A  number  of  methods  for  the  determination  of  the  ^•apor 
pressure  of  gasoline  have  been  devised,  and  some  informa- 
tion on  the  vapor  pressures  of  gasolines  has  been  pubUshed. 
The  method  commonly  used  for  testing  casinghead  gasolines 
and  blended  gasolines  in  order  to  determine  whether  or 
not  they  may  safely  be  sliipped  in  tank  cars  or  standard 
drums,  has  been  described  by  the  U.  S.  Bureau  of  Explo- 
sives.^ A  steel  bomb  is  partially  filled  with  the  naphtha  to 
be  tested,  the  bomb  and  its  contents  are  heated  to  the  tem- 
perature at  wliich  the  determination  is  to  be  made,  and  the 
pressure  within  the  bomb  is  observed.  In  order  to  decrease 
the  error  due  to  the  expansion  of  the  air  in  the  space  above 
the  liquid,  this  space  is  momentarily  vented  to  the  atmos- 
phere when  the  temperature  of  the  gasohne  reaches  70°  F. 

This  method  is  subject  to  several  sources  of  error.  Some 
of  the  lighter  components  of  the  gasoline  may  be  vaporized 
below  70°  F.,  and  the  vapors  thus  formed  will  escape  when 
the  rehef  valve  is  opened  to  vent  the  expanded  air.  When 
the  bomb  is  heated  from  70°  F.  to  the  temperature  at  which 
the  vapor  pressure  is  to  be  measured  (90°  or  100°  F.),  the 
air  above  the  liquid  tends  to  expand,  and  the  increase  in 
pressure  thus  developed  is  measured  with  and  not  differ- 
entiated from  the  increase  due  to  the  true  vapor  pressure  of 
the  gasohne.  Some  of  the  air  present  in  solution  in  the  orig- 
inal sample  may  be  liberated  when  the  naphtha  is  warmed, 
and  the  pressure  developed  by  this  liberated  air  may  be  meas- 
ured along  with  the  true  vapor  pressure.  No  means  for 
agitating  the  liquid  is  pro\dded  so  that  there  is  no  assurance 
that  the  liquid  and  the  vapor  within  the  bomb  are  in  true 
equilibrium  with  each  other.     A  modification  of  this  bomb 

'  Received  June  20,   1923. 

2  Report  of  Chief  Inspector  of  Bureau  of  Safe  Transportation  of  Ex- 
plosives and  Other  Dangerous  Articles,  February,  1916. 


A  method  for  the  exact  determination  of  the  vapor  pressures  of 
gasoline  and  naphthas  is  described,  and  the  vapor  pressures  of  sev- 
eral different  types  of  gasolines  and  naphthas  are  measured. 

It  is  shown  that  no  general  relation  exists  between  the  vapor  pres- 
sure of  a  gasoline  and  its  average  distillation  temperature  or  its 
density,  and  that  the  presence  of  air  dissolved  in  the  gasoline  or 
naphtha  may  introduce  into  the  vapor  pressure  determination  an 
error  of  considerable  magnitude. 


has  been  devised'  whereby 
some  of  these  errors  are 
eUminated.  This  improved 
method  is,  however,  stiU 
subject  to  the  error  due  to 
the  presence  of  air  dissolved 
in  the  gasohne.  The  results 
obtained  by  these  methods, 
while  they  may  be  of  value 
in  estimating  the  pressures 

developed  in  shipping  containers,  do  not  give  the  true  vapor 

pressures  of  the  naphthas. 

'  Private  communication  from  R.  P.  Anderson. 


1274 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  12 


The  relations  which  exist  between  the  vapor  pressure  of 
a  gasoline  at  a  given  temperature  and  the  other  character- 
istics of  the  gasoline  have  been  studied  by  a  number  of  inves- 
tigators.    Obviously,  a  gasoline  with  a  low  average  distilla- 

tion  temperature 
should  showarelatively 
high  vapor  pressure. 
Wiggins'*  states  that 
with  the  lighter  frac- 
tions from  mid  conti- 
nent crudes  the  vapor 
pressures  vary  as  the 
Baum6  gravity.  This 
relationship  holds  true, 
of  course,  only  when 
comparing  fractions 
from  crudes  of  similar 
types. 

The  investigation  de- 
scribed in  tliis  present 
article  was  undertaken 
for  the  purpose  of  de- 
termining the  true 
vapor  pressures,  at 
moderate  tempera- 
tures, of  gasolines  and 
naphthas  of  various 
types.  Incidentally, 
an  attempt  has  been 
made  to  derive  some 
correlation  between  the 
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vapor  pressures  of  various  gasolines  at  a  given  temperature 
and  some  of  the  other  characteristics  of  the  gasolines.  ■ 
Apparatus 
The  apparatus  used  in  this  work  was  a  modified  form  of  the 
apparatus  described  by  Browne  and  Houlehan^  and  by 
Richardson,'  and  wliich  has  been  used  by  Browne  and  his  co- 
workers in  various  investigations.  (Fig.  1)  A  glass  bulb  of 
approximately  40  cc.  capacity  was  mounted  in  a  water  bath 
and  was  connected,  through  a  spiral  of  capiUary  glass  tubing, 
with  a  mercury-fUled  manometer,  C.  The  bulb  was  at- 
tached to  an  arm,  wliich  was  connected  to  an  eccentric  so 
that  the  bulb  and  its  contents  could  be  shaken  vigorously. 

A  fixed  zero  point  was 
marked  on  the  tube 
just  below  the  bottom 
of  the  bulb.  The  corre- 
sponding zero  point  on 
the  manometer — i.  e., 
the  point  at  which  the 
mercury  stood  in  the 
manometer  when  the 
mercury  in  the  bulb 
was  at  the  zero  point 
and  when  both  sides  of 
the  mercury  column 
were  under  atmos- 
pheric pressure — was 
also  marked.  The  cor- 
rections to  be  appUed 
to  the  zero  reading  on 
the  manometer  to  com- 
pensate for  differences 
between  the  temperature  of  the  mercury  in  the  manometer 
and  the  temperature  of  the  mercury  in  the  spiral  within 
the  thermostat  were  also  determined. 

<  Oil  Gas  J.,  19,  42,  568  (1921). 
»  .;.  Am.  Chem.  Soc,  38,  649  (1913). 
'Ibid.,  39,   1828  (1917). 
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Procedure 

All  the  air  was  forced  out  of  the  bulb  A;  then  about  15 
cc.  of  the  sample  were  drawn  into  the  apparatus.  After  clos- 
ing the  stopcock  D,  the  leveling  bulb  B  was  lowered  until 
the  gasoline  began  to  boil  vigorously  under  the  reduced 
pressure.  The  leveling  bulb  was  tlien  raised  until  the  sample 
was  under  slightly  greater  than  atmospheric  pressure.  The 
vapor  recondensed  and  redissolved  in  the  liquid,  but  any 
air  which  had  been  liberated  during  the  boiling-out  process 
remained  unabsorbed  and  could  be  removed  by  opening  the 
stopcock  above.  Tliis  cycle  of  boiling,  recondensation, 
and  removal  of  the 
liberated  air  was  con- 
tinued untU  no  more 
air  was  set  free — i.  e., 
untU  the  vapor  recon- 
densed completely 
when  the  pressure 
was  raised. 

After  the  removal 
of  the  dissolved  air 
the  water  in  the  ther- 
mostat was  brought 
to  the  exact  temper- 
ature at  which  the 
determination  was  to 
be  made.  The  level- 
ing bulb  was  lowered 
until  the  mercury 
within  the  apparatus 
stood  at  the  zero 
point.  The  bulb  was 
shaken  vigorously  to 
establish  equilibrium  between  liquid  and  vapor  and  to  in- 
sure that  the  liquid  and  vapor  within  the  bulb  were  at  the 
same  temperature  as  the  water  within  the  thermostat.  The 
leveling  bulb  was  adjusted  from  time  to  time  to  keep  the 
level  of  the  mercury  at  the  zero  poiat.  The  agitation  was 
continued  for  several  minutes  after  there  was  no  further  change 
in  the  level  of  the  mercury.  The  reading  of  the  manometer 
was  then  taken,  and  from  the  barometric  pressure  and  the 
difference  between  the  manometer  reading  and  the  zero 
point  on  the  manometer  the  vapor  pressure  of  the  gasoline 
at  the  temperature  of  the  thermostat  was  calculated.  (All 
manometer  readings  were,  of  course,  corrected  for  the  dif- 
ference between  the  temperature  of  the  colunm  of  mercury 
within  the  thermostat,  and  for  the  weight  of  the  layer  of  gaso- 
line above  the  mercury  within  the  bulb.) 

Tests  for  Accuracy  of  Method 

In  order  to  determine  the  accuracy  of  this  method  of 
determining  vapor  pressures,  a  series  of  runs  was  made  using 
pure  water  at  various  temperatures.  The  results  obtained 
agreed  to  within  1  mm.  with  those  given  by  Regnault. 

The  gasohnes  and  naphthas  which  were  examined  were 
as  follows: 
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Table  I- 

-Vapor  Pressures  of  G 

^SOLINES  AN 

n  N 

APHTHAS 

Sample 

1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

11 

Specific  gravity  at 

0.76i 

0.672 

0.679 

0.763 

0.733 

0.604 

0.670 

0,744 

0 .  743 

Degrees  Baumd  at 

15.5°  C 

53.2 

78.3 

76.2 

53.5 

61.0 

80.8 

79.0 

58.2 

58.4 

61.5 

63.6 

Size  of  Sample 

Distillation 

Temperature 

°  F.  Start 

Cc. 

62 

26 

25 

104 

65 

30 

24 

42 

40 

29 

39 

43 

36 

124 

85 

38 

42 

75 

75 

79 

20 

132 

52 

44 

131 

91 

43 

51 

90 

94 

101 

91 

63 

137 

97 

46 

60 

106 

105 

116 

99 

40 

153 

70 

64 

145 

103 

SO 

68 

112 

115 

129 

50 

160 

79 

86 

152 

107 

So 

78 

135 

125 

133 

112 

111 

160 

112 

62 

89 

146 

135 

152 

70 

175 

100 

144 

169 

117 

76 

98 

155 

146 

161 

129 

182 

126 

88 

lis 

167 

162 

175 

202 

201 

144 

111 

190 

182 

204 

218 

167 

212 

237 

175 

141 

163 

221 

215 

217 

194 

The  density  (at  15.5°  C.)  and  the  distillation  range  of  each 
of  these  samples  were  determined  foUovdng  the  procedure 
described  in  Bureau  of  Mines  Technical  Paper  298  (1922). 
The  results  are  shovra  in  Table  I. 

The  vapor  pressures  of  the  various  gasolines  and  naphthas 
(air-free)  were  determined.  The  results  are  shown  in  Figs. 
2  and  3. 

Error  Caused  by  Dissolved  Air 

A  few  experiments  were  also  made  to  determine  the  approxi- 
mate magnitude  of  the  error  wliicli  may  be  introduced  by 
the  presence  of  air  in  solution  in  the  gasoUne.  Samples 
of  tlie  original  gasolines  were  introduced  into  apparatus  and 
their  vapor  pressm-es  were  determined  before  reino\ing  the 
dissolved  air.  Tlie  air  was  then  boiled  out  as  described 
above,  and  the  vapor  pressure  of  the  air-free  material  was 
determined.  The  results  are  shown  in  Fig.  4.  It  will  be 
observed  that  the  presence  of  the  dissolved  air  introduced 
a  very  considerable  error.  The  exact  magnitude  of  the 
error  from  tliis  source  will  depend,  in  any  specific  case,  upon 
the  amount  of  air  present,  the  nature  of  the  gasohne,  and  the 
method  by  which  tlie  vapor  pressure  is  determined. 

Relation  between  Densities  and  Vapor  Pressures 

The  relation  between  the  densities  (at  15.5°  C.)  and  the 
vapor  pressures  (at  20°  C.  and  40°  C.)  of  the  various  gasolines 
and  naphthas  is  shown  by  Fig.  5.  It  will  be  observed  that, 
in  general,  the  samples  ■nith  the  lower  densities  show  the 
higher  vapor  pressm'es.  In  most  cases  there  appears  to  be 
a  rather  definite  relation  between  the  density  and  the  vapor 
pressm-e  at  any  given  temperature.     Some  of  the  samples. 
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particularlj^  some  of  those  containing  casiughead  gasoline, 
show  abnormally  high  vapor  pressures,  while  the  sample 
of  crude  naphtha  fraction  (Sample  4)  showed  abnormally 
low  vapor  pressures.  It  is  evident  that  the  vapor  pressure 
cannot  in  every  case  be  predicted,  e\^en  approximately,  from 
the  density. 

Eelation  between  Distill.ition  Te.mperatitres  and 
Vapor  Pressures 

From  a  comparison  of  the  data  for  the  distillation  ranges 
and  the  vapor  pressures  of  the  various  samples  it  will  be  noted 
that,  as  might  be  expected,  the  samples  with  a  relatively 
low  average  distiUation  temperature  show  relatively  high 
vapor  pressures,  and  \dce  versa.  The  relation  between 
distUlation  temperatures  and  vapor  pressures  is,  however, 
not  sufficiently  definite  and  uniform  to  permit  the  accurate 
prediction  of  the  vapor  pressure  from  the  distillation  data. 


Portable  Desk  and  Reagent  Carrier 


.60  .62  .6^  .66  .66  .70  .72  .If  7  6.76.60.62 


The  accompanying 
illustrations  show  two 
unique  conveniences 
several  of  which  are  in 
use  in  Lehn  &  Fink's 
laboratory — a  portable 
desk  and  chair  and  a  tea- 
wagon  reagent  carrier. 
The  desk  is  adjustable 
and  contains  a  drawer 
for  notebooks,  etc.  The 
tea  wagon  offers  a  con- 
venient and  quick  means 
of  having  at  hand  a  set 
of  reagents  at  any  par- 
ticular place  in  the 
laboratory  where  the 
chemist  happens  to  be 
working. 
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Notes  on  the  Oil  from  Kauri  Copal' 

By  Augustus  H.  Gill  and  D.  Nishida 

Massachusetts  Institute  of  Technology,  Cahbridce,  Mass. 


FOR  varnish-making  by  the  American  method 
gum  copal  is  heated  over  an  open  coke  fire  at  a  temper- 
ature of  about  330°  C.  until  from  10  to  25  per  cent  is 
driven  off  up  the  chimney.  By  the  EngUsh  process  a  cover 
arranged  with  a  condensing  outfit  connected  to  suction  is 
used.  This  collects  much  of  the  oil,  which  is  known  as  copal 
oO.  It  has  been  used  to  mix  with  turpentine,  but  it  does 
not  give  good  results  on  paint  and  varnish  films.  According 
to  Vaubel-  it  can  be  detected  in  the  turpentine  residue  by 
its  odor  and  bromine  number. 

Other  investigators  report  as  follows : 

Scheibler'  subjected  "copal  from  Manila"  to  dry  distillation 
and  noted  two  distinct  stages  in  the  process,  but  has  nothing  to 
say  about  the  composition  of  the  distillate. 

Tschirch'  states  that  the  dry  distillation  of  hard  copal  yields 
formic,  acetic,  and  succinic  acids  among  the  products  of  the  de- 
composition. 

Friedburg^  noticed  that  certain  copals  yielded  a  distillate 
having  an  odor  suggestive  of  limonene,  but  he  was  unable  to  iso- 
late the  latter,  and  he  did  not  state  what  variety  of  copal  had  this 
property. 

Wallach'  subjected  kauri  copal  to  destructive  distillation 
and  succeeded  in  isolating  pinene  and  dipentene,  but  said  nothing 
about  the  quantities  of  them. 

Guedras'  also  reported  almost  the  same  result  as  that  obtained 
by  Wallach. 

Neither  the  results  obtained  by  Wallach  or  Guedras,  however, 
are  obtained  from  the  technical  kauri  copal  oil,  but  from  the 
laboratory  products. 

SchmoUing'  examined  kauri  and  manila  copal  oils,  which  are 
obtained  technically  in  varnish-making,  and  found  that  they  are 
soluble  in  the  usual  organic  solvents  except  petroleum  ether,  and 
that  they  have  the  following  characteristics : 

Kauri  Copal  Manila  Copal 

Specific  gravity  (15°  C.) 0.8677  0.9069 

Acid  value,  mg.  KOH 3.0  28.3 

Saponification  value,  mg.  KOH 4.9  45.7 

Ester  value 1.9  17.4 

Iodine  value 28S.9  230.4 

Results  op  Fractionation 

. Kauri  Copal n  ^ Manila  Copal . 

Temperature  Temperature 

Fraction                             °  C.            Per  cent                    °  C.  Per  cent 

I  125  to  155           21.0                  To         155  26.0 

II  155  to  157           38.5                  155  to  165  26.0 

III  157  to  170           24.7                  165  to  170  12.3 

IV  Over  170  15.8  

From  the  Fraction  II  of  kauri  copal  oil  he  obtained  much 
crystalline  pinene  nitrosochloride;  he  also  found  from  Fraction 
IV  limonene-like  substances,  but  no  other  terpenes,  nor  any  of 
their  characteristic  derivatives,  were  isolated.  The  aqueous 
portion  of  the  distillate  gave  reactions  for  formic  and  acetic 
acids. 

Results  of  Present  Study 

The  sample  used  for  this  examination  was  a  by-product  of 
varnish-making  with  kauri  copal  and  had  the  commercial 
name  "Gum  Spirits."  It  was  a  dark  yellow,  ^dscous  liquid, 
almost  insoluble  in  water,  but  very  soluble  in  96  per  cent 
alcohol,  glacial  acetic  acid,  ether,  chloroform,  carbon  bi- 
sulfide,    carbon     tetrachloride,     benzene,    and    petroleum 

'  Received  July  10,  1923. 

'  Z.  angew.  Chem.,  33,  1165  (1920). 

'Ann.,  113,  338  (1860). 

<  Arch.  Pharm..  240,  202  (1902). 

*J.  Am.  Chem.  Soc,  22,  285  (1S90). 

•  Ann.,  271,  380  (1892). 

»  Chem.  Zig.,  26,  1132  (1902). 

•  Ihid.,  29,  955  (1905). 


spirit.  When  the  oil  was  spread  out  on  a  glass  plate  in  thin 
layers  and  exposed  to  the  air,  it  gradually  soUdified  and  a 
resinous  film  was  produced  ■nithin  5  or  6  days.  The  oO  had 
the  foUomng  characteristics: 

Specific  gravity,  at  20°  C 0.9667 

Flashing  point,  by  Pensky-AIarten  tester 85°  to  86"  C. 

Specific  rotation,  [aj^^ +3°,  40' 

Specific  viscosity,  at  20°  C,  Engler 11.8 

Refractive  index,  at  25°  C 1.5128 

Acid  value  (free  acid),  mg.  KOH 69.0 

Saponification  value 83.0 

Iodine  value,  by  Hanus  method,  15  minutes 114.0 

The  raw  oil  was  treated  with  10  per  cent  potassium  hy- 
droxide solution  to  remove  acids,  washed  with  water,  dehy- 
drated with  anhydrous  sodium  sulfate,  and  by  distilling 
it  under  diminished  pressure  a  straw-j-eUow  colored  trans- 
parent oU  was  obtained,  giving  a  jdeld  of  52  per  cent.  The 
refined  oil  thus  obtained  had  the  following  characteristics: 

Specific  gravity  at  20°  C 0.9280 

Specific  rotation  [a]^P°                +2°,  46' 

Specific  viscosity  at  20°  C,  Engler 1.7 

Refractive  index  at  25°  C 1 . 5102 

Iodine  value,  by  Hanus  method,  15  minutes 104.0 

The  refined  oil  had  the  same  drying  property  as  the  raw 
oil  and  gave  the  color  reactions  of  rosin  oil  with  the  Lieberman 
starch  test. 

When  distilled  under  15  to  16  mm.  pressure  the  following 
fractions  were  obtained: 

Temperature 

,  Fraction                                   °  C.  Per  cent 

I  Up  to  120  4.3 

II  120  to  200  53.0 

III  200  to  250  41.3 
Residue                                1.4 

These  figui'es  are  quite  different  from  those  described  by 
Sclimolling. 

Fraction  I  was  a  slightly  yeUow-colored  liquid  closely 
resembhng  turpentine  as  regards  its  odor,  specific  graAaty, 
refractive  index,  and  rotation ;  it  was  fractionated  at  atmos- 
pheric pressure  at  temperatures  up  to  165°  C,  165°  to  180° 
C,  and  180°  to  200°  C.  About  half  of  it  came  over  at  the 
middle  temperatures.  Pinene  was  found  in  Fraction  I  and 
limonene  in  Fractions  II  and  III,  using  WaUach's'  method  of 
the  nitrosochlorides.  No  aldehydes  or  ketones  could  be 
identified  by  the  bisulfite  method. 

Fraction  II  had  characteristics  suggesting  sesquiterpenes, 
such  as  boUing  point,  specific  gra\'ity,  etc.,  but  the  fact  that 
the  fraction  formed  no  crystalline  compounds  with  amyl 
nitrite  or  with  dry  hydrocliloric  acid'°  would  seem  to  show 
there  are  no  sesquiterpenes  contained  in  this  fraction. 

Fraction  III  closely  resembled  diterpenes  or  polyterpenes 
by  its  boiUng  point,  specific  gra\"ity,  and  fluorescence,  or 
these  characters  are  almost  the  same  as  those  of  colophene 
and  diterpDene,  but  the  chemical  characteristics  of  both 
colophene  and  diterpilene  have  been  little  studied;  therefore 
no  methods  for  exact  identification  have  been  obtained. 

Schultze"  had  treated  ordinary  rosin  oil  with  concentrated 
sulfuric  acid  and  obtained  saturated  hydrocarbons  ■nith  the 
yield  of  36  per  cent  of  refined  rosin  oil,  in  which  he  found 

•  Ann.,  246,  241  (1888). 
"  Allen,  "Commercial  Organic  .■Analysis,"  Vol.  IV.  p.  186. 
"  Ann.,  369,  129  (1908). 
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octahydroretene,  and  confirmed  this  by  treating  the  saturated 
oil  with  sulfur  with  which  octahydroretene  was  dehydro- 
genated,  and  obtained  crystals  of  retene. 

Experiments  were  carried  out  following  Schultze's  direc- 
tions. At  first  the  mixture  of  Fractions  II  and  III  was  treated 
■with  concentrated  sulfuric  acid,  and  saturated  compounds 
were  obtained,  with  a  yield  of  about  19  per  cent  of  the  re- 
fined oil.    This  saturated  kauri  copal  oil  has  some  resem- 


blance to  the  saturated  resin  oil  which  has  been  described 
by  Schultze,  but  is  quite  a  different  substance  because  it 
gives  neither  retene  by  treating  with  sulfur,  nor  trimeUitic 
acid  by  oxidizing  with  dilute  sulfuric  acid  and  manganese 
dioxide;  therefore,  in  order  to  confirm  tliis  composition  some 
other  method  is  necessary. 

Notliing  was  learned  by  treatment  with  nitric  acid  or 
oxidation  with  alkaline  permanganate. 


A  New  Method  of  Gas  Analysis 


By  Rudolph  Geberth 

14o2  East  17th  St.,  Brooklyn,  N.  Y. 


TO  OVERCOME  objections  to  the  chemical  methods  of 
making  quantitative  determinations  of  gases,  as  em- 
ployed by  the  manufacturers  of  commercially  used 
gases,  an  apparatus  has  been  designed  by  Samuel  Ruben,  a 
physicist  of  New  York,  based  upon  principles  of  resonance,  by 
wliich  such  determinations  as  to  binary  gases  are  made  with 
great  accuracy  and  speed. 

Broadly  considered,  the  apparatus  involves  the  principle 
that  mechanical  energy  impulses,  such  as  sound  waves, 
produced  by  a  vibrating  element,  differ  in  character  with  the 
condition  of  the  gas  through  which  they  are  transmitted. 
By  "condition"  is  meant  either  a  physical  property,  as  density, 
■or  its  chemical  composition. 


Fig,  1 — Apparatus  pqr  Gas  Analysis 

The  accompanying  illustration  (Fig.  1)  shows  the  complete 
apparatus,  consisting  of  a  closed  cylinder,  adjustable  as  to 
length,  through  which  the  gases  are  passed,  and  having  at 
one  end  a  diaphragm  coupled  to  a  tuning  fork,  electrically 
maintained,  together  with  a  current-measuring  instrument. 
One  of  the  cylinders  is  closely  movable  within  the  other  by 
means  of  a  rack  and  gear  arrangement,  and  has  a  graduated 
dial  attached  to  the  gear  shaft  for  indicating  gas  column 
length.  A  thermometer  projects  into  the  chamber  for  tem- 
perature corrections. 

The  tuning  fork  is  oscillated  at  a  constant  rate  by  an  electro- 
magnet having  a  carbon  transmitter  as  a  variable  resistance. 
As  the  column  is  brought  close  to  the  resonance  point,  the 
ammeter,  in  series  with  the  electromagnet,  indicates  a  very 
sharp  current  rise.  The  input  current  of  the  driving  element 
depends  upon  the  amplitude  of  the  fork  vibration  as  con- 
trolled by  the  diaphragm,  its  force  of  reaction  against  the  fork 
varying  according  to  the  condition  of  the  gas  in  respect  to  its 
resonance  length. 

*  Received  December  12.  1922. 


When  the  column  is  in  resonance  with  the  sound  wave 
length,  the  load  upon  the  fork  is  at  a  maximum  and  is  sharply 
so  indicated  by  the  ammeter.  The  dial  reading,  then,  which 
is  in  accord  with  that  of  the  ammeter,  indicates  the  resonance 
length  of  the  gas  column.  The  accompanying  curve  shows 
the  relation  between  the  length  of  chamber  and  the  ammeter 
readings.     (Fig.  2) 

The  resonance  length  of  a  known  gas  is  indicated  by  the 
relation  between  the  velocity  and  the  frequency  of  sound 
through  that  gas;  or  the  resonance  length  L  is  equal  to  the 
wave  length  X  of  the  sound  source. 


-f 


Vo  = 


VlAi  (1  -f-  at)  ;  F,  =  Ko  Vl  +. 


where  p  equals  pressure;  d,  density;  a,  temperature  expansion 
coefficient,  0.003665;  t,  operating  temperature;  Vo,  velocity  at 
°  C. ;  /,  frequency. 

As  the  tuning  fork  maintains  an  oscfilation  of  constant  fre- 
quency, ordinary  pressure  changes  do  not  affect  the  resonance 
length  of  the  gas;  but  as  its  velocity  varies  with  temperature, 
correction  therefor  must  be  made. 

From  the  accompanying  curve  (Fig.  2)  it  may  be  noted 
that  the  resonance  ampUtude  is  very  perceptibly  reduced  by 
a  slight  variation  in  the  length  of  column,  as  indicated  by 
the  ammeter. 

At  the  frequency  employed  in  various  devices,  a  change  of 
0.01  per  cent  from  the  resonance  length  causes  the  column 
to  be  thrown  out  of  resonance  from  the  maximum  amplitude 
indicated  by  the  meter.    Thus,  a  change  in  the  density  of  the 
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Fig.  2 — Relation   between   Length    o?   Chamber  and  Aumetes 
Readings  of  Tuning  Fork  Driver  Circuit 

gas  sufficient  to  cause  a  change  in  the  resonance  length  of 
0.01  per  cent  is  readily  indicated;  and  if  the  resonance  length 
of  one  of  the  gases  in  the  binary  mixture  is  known,  its  quanti- 
tative relation  to  the  other  known  element  can  be  determined. 
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To  operate  the  device,  the  chamber  length  is  first  adjusted 
to  a  point  beyond  the  resonance  length  of  the  gas  to  be  tested. 
The  gas  is  then  admitted,  and  when  the  previous  content  has 
been  expelled  the  circuit  is  closed  and  the  current  actuating 
the  fork  is  noted,  the  chamber  length  being  reduced  until  the 
point  of  maximum  current  ampUtude  is  reached.  This  point 
is  indicated  by  changing  the  chamber  length  in  both  direc- 
tions, a  sharp  falling  off  of  the  current  occurring  in  both  cases. 
The  dial  and  temperature  readings  are  then  compared  with 
caUbrated  figures. 

If  the  gas  is  continuously  passing  through  the  chamber, 
a  minute  or  so  is  required  for  adjustment,  readings,  and  com- 
parisons. Otherwise,  several  minutes  may  be  necessary  to  ex- 
pel the  previous  gas  content  of  the  chamber.  Correction  for 
any  vapor  present  may  be  made  in  connection  wth  that  for 
temperature.  An  instrument  is  calibrated  at  a  specific  tem- 
perature and  requires  no  further  calibration.  It  has  no  deli- 
cate parts  and  there  is  little  or  no  wear  or  deterioration.  The 
current  consumption  is  about  0.15  ampere,  thus  permitting 
the  use  of  ordinary  dry  cells  as  a  source  of  energy.  The 
tuning  fork  is  operated  at  any  voltage  between  4  and  12,  but 
a  potential  of  6  volts  is  preferable. 

A  specific  application  of  this  device  is  in  the  determination 
of  the  hydrogen  content  in  electrolytic  oxygen.  Owing  to  the 
large  density  differences  between  these  two  elements,  a  small 
percentage  of  hydrogen  causes  a  very  perceptible  change  in 
the  resonance  length  of  the  gas  column.  The  difference  be- 
tween the  resonance  length  of  a  pure  oxygen  column  and  of 
that  gas  with  hydrogen  added  may  be  calculated  by  the 
equation  below,  in  wWch  L  represents  the  resonance  length 
of  oxygen, 


If/,  the  frequency,  equals  1000  cycles,  and  F  at  °  C.  is  317.2 
mm.  per  second, 

L   =  31.72  cm. 

The  resonance  length  of  hydrogen  at  the  same  frequency 
and  temperature  is  126.95  cm. 

From  the  resonance  ampUtude  curve  it  may  be  noted  that 
a  change  of  0.01  per  cent  in  the  resonance  length  gives  a  com- 
paratively large  indication;  and  as  the  resonance  length  varies 
as  the  square  root  of  the  gas  density,  a  change  of  0.1  per  cent 
by  volume  of  hydrogen  in  oxygen  causes  a  notable  change  in 
the  resonance  length  of  the  column.  Therefore,  under  proper 
conditions  and  wdth  correction  factors  included,  it  is  possible 
to  indicate  the  presence  of  hydrogen  by  a  fractional  part  of 
0.1  per  cent. 

The  same  applies  to  other  gas  mixtures,  as,  for  example, 
air  and  sulfur  dioxide,  in  which  case  less  than  1  per  cent  of  SOi 
is  readily  indicated. 

When  three  gases  are  present,  two  bearing  a  fixed  relation- 
ship to  each  other,  bj'  determining  the  purity  of  one  element 
the  percentages  of  the  other  two  may  quickly  be  ascertained. 

The  cylinders  can  be  electrically  mamtained  at  constant 
temperature  by  means  of  a  resistance  wire  wound  around 
them  and  connected  with  a  thermostatic  control  element. 
This  arrangement  eliminates  the  correction  factor  for  tem- 
perature and  also  permits  the  adjustment  of  cyUnders  at  a 
point  from  which  the  meter  indicates  approach  to  resonance 
condition;  or  the  cylinders  can  be  brought  to  resonance  ad- 
justment and  any  variation  from  that  indication  can  be  noted 
continuously. 

For  close  determinations  within  narrow  limits  the  entering 
gas  should  be  dried,  as  by  discharge  through  a  sulfuric  acid 
wash  bottle  or  suitable  means.  It  can  also  be  saturated  at  a 
fixed  temperature,  in  which  case  a  correction  factor  for  water 
vapor  can  be  introduced. 


Arthur  Lowenstein  Research  Fellowship 

A  gift  of  S2500  a  year,  for  three  years,  for  the  purpose  of  cre- 
ating the  first  research  fellowship  in  connection  with  the  newly 
organized  Institute  of  Meat  Packing  at  the  University  of  Chicago, 
has  been  made  by  Arthur  Lowenstein,  vice  president  of  Wilson 
&  Company.  This  research  will 
be  carried  on  under  Prof.  E-  O. 
Jordan,  head  of  the  Department 
of  Bacteriology  of  the  uni- 
versity. Mr.  Lowenstein  is  one 
of  the  special  lecturers  in  the 
Institute  of  Meat  Packing  at  the 
university,  as  well  as  chairman 
of  the  Committee  on  Scientific 
Research  of  the  Institute  of 
American  Meat  Packers  and 
investigations  associated  with 
the  packing  industry. 

A  series  of  lectures  under  the 
joint  auspices  of  the  School 
of  Commerce  and  Administration 
of  the  University  of  Chicago 
and  the  institute  has  been  inau- 
gurated, and  courses  of  instruc- 
tions have  been  arranged  so  that  employees  in  the  packing 
plants  have  a  better  opportunity  to  fit  themselves  for  their  work. 
The  courses  are  intended  primarily  for  those  occupying  minor 
executive  positions  and  who  are  ambitious  to  become  executives. 
Both  day  courses  for  full-time  study  and  evening  courses  are 
announced. 


.Arthur  Lowens 


The  packing  industry  has  always  been  known  for  its  achieve- 
ments in  applied  science  and  prosecution  of  fundamental  research. 
This  work  has  been  done  in  the  individual  plants  and  laboratories, 
and  the  establishing  of  this  Arthur  Lowenstein  Research  Fellow- 
ship at  the  university  wiU  be  watched  with  great  interest  and,  it 
is  believed,  constitutes  not  only  an  advance  in  education,  but 
also  an  important  undertaking  in  scientific  research. 

Evening  courses  for  employees  of  the  meat-packing  industry 
are  now  being  conducted  at  the  downtown  rooms  of  the  uni- 
versity. Correspondence  courses  are  expected  to  follow  after 
January  1,  1924,  and  a  four-year  curriculum  of  day  courses  will 
probably  be  inaugurated  on  October  1,  1924. 


Meeting  of  x\dvisory  Board  on  Dictionary  of 
Specifications 

A  meeting  was  held  on  October  24,  1923,  of  the  Advisory 
Board  organized  to  act  in  an  advisory  capacity  to  the  Depart- 
ment of  Commerce  in  compiling  material  for  and  publishing  a 
handbook  of  specifications  for  commodities  purchased  by  federal, 
state,  and  municipal  governments  and  public  institutions. 

At  the  meeting  of  the  Advisory  Board,  at  which  there  were 
present  representatives  from  all  but  one  of  the  organizations 
represented  on  the  board,  unanimous  approval  was  voted  for 
the  proposed  plan  for  issuing  in  convenient  form  a  thoroughly 
classified  list  of  all  known  existing  commodity  specifications. 

The  board  voted  unanimously  for  the  creation  by  the  Secretary 
of  Commerce,  as  chairman  of  the  board,  of  three  committees 
from  its  membership  to  render  reports  for  the  approval  of  the 
board  on  the  subjects  of  (1)  classification  of  commodity  speci- 
fications, (2)  form  and  size  of  the  pubUcation,  and  (3)  scope  of 
the  proposed  handbook  or  encyclopedia  of  specifications. 


December,  1923 
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Robert  Brown  and  the  Discovery  of  the  Brownian  Movement' 


By  Lyman  C.  Newell 

Boston  Uni\*ebsity,  Boston,  Mass. 


ROBERT  BROWN,  the  eminent  botanist  and  discoverer  of 
the  Brownian  movement,  was  born  December  31,  1773, 
at  Montrose,  Scotland,  the  son  of  an  Episcopal  clergyman. 
In  1787  he  entered  Marischal  College,  Aberdeen,  but  two  years 
later  went  to  Edinburgh  University,  where  he  studied  medicine, 
and  received  his  degree  of  M.D.  While  at 
Edinburgh  he  also  studied  botany,  and  his 
interest  in  botany  attracted  the  attention  of 
John  Walker  (1731-1803),  professor  of  nat- 
ural history  in  the  university.  He  obtained 
a  commission,  in  1795,  as  "ensign  and  as- 
sistant surgeon,"  in  a  Scottish  regiment, 
and  ser\'ed  in  the  north  of  Ireland. 

In  1798  he  made  the  acquaintance  of  Sir 
Joseph  Banks.  Deciding  to  devote  himself 
to  botany,  he  resigned  his  army  commission 
in  1800,  and  in  1801,  on  the  recommenda- 
tion of  Sir  Joseph  Banks,  he  was  engaged 
as  naturalist  of  an  expedition  sent  out  to 
explore  and  survey  the  coasts  of  Australia, 
which  at  that  time  were  almost  unknown. 
The  expedition  returned  to  England  in 
1805,  and  Brown  brought  back  nearly  four 
thousand  species  of  Australian  plants, 
many  of  which  were  new  to  science.  He 
was  immediately  appointed  librarian  of  the 
Linnean  Society.  In  this  position,  though 
not  one  of  great  emolument,  he  had  abun- 
dant opportunities  for  research  and  writ-  Rober 
ing.     In  1810  he  published  the  first  volume 

of  his  great  work,  the  "Prodromus  Florae  Novae  Hollandiae  et 
Insulae  Van  Dieman,"  which  did  much  to  further  the  general 
adoption  of  de  Jussieu's  natural  system  of  plant  classification. 
The  merits  of  this  book  were  immediately  recognized  by  scien- 
tists, and  it  gave  the  author  an  international  reputation  among 
botanists.  It  is  rare  in  the  original  edition,  the  author  having 
suppressed  it,  because  the  Edinburgh  Review  severely  criticized 
its  Latin.  With  the  exception  of  a  Supplement  published  in 
1830,  no  more  of  the  "Prodromus"  appeared. 

In  1810  Brown  became  also  librarian  to  Sir  Joseph  Banks. 
On  the  death  of  Sir  Joseph  in  1820,  Brown  was  given  the  use  of 
his  library  and  collections  for  life.  In  1827  the  library  and  col- 
lections were  transferred  to  the  British  Museum,  with  Brown's 
consent  and  in  accordance  with  the  will  of  the  donor.  Brown  was 
appointed  keeper  of  the  Botanical  Department  of  the  British 
Museum,  and  he  held  this  position  until  his  death  in  1858.  Soon 
after  the  death  of  Sir  Joseph  Banks,  Brown  resigned  as  librarian 
of  the  Linnean  Society,  though  from  1849  to  1853  he  served  as  its 
president.  He  was  elected  a  Fellow  of  the  Royal  Society  in  1811, 
and  in  1839  was  awarded  the  Copley  medal  for  his  "discoveries 
on  the  subject  of  vegetable  impregnation."  Oxford  conferred 
the  degree  of  D.C.L.  on  him  in  1832,  Edinburgh  gave  him  an 
L.L.D.,  and  in  1838  he  was  elected  one  of  the  five  foreign  as- 
sociates of  the  Institute  of  France.  He  died  June  10,  1858,  in 
the  house  in  Soho  Square,  London,  bequeathed  to  him  by  Sir 
Joseph  Banks.  His  works,  which  embrace  not  only  systematic 
botany,  but  also  plant  anatomy  and  physiology,  are  distinguished 

^  Presented  before  the  Section  of  History  of  Chemistry  at  the  66th 
Meeting  of  the  American  Chemical  Society,  Milwaukee,  Wis.,  September 
10  to  14,  1923. 


Brown 


by  their  thoroughness  and  conscientious  accuracy,  and  display 
powers  of  both  minute  detail  and  broad  generalization. 

Between  1825  and  1834  his  publications  (up  to  1834)  were  col- 
lected and  issued  in  four  divisions  by  Nees  von  Esenbeck,  in 
German,  under  the  title  of  "Vermischte  Botanische  Schriften" 
(Leipzig  and  Nuremberg).  In  1866  the 
Ray  Society  reprinted,  under  the  editorship 
of  J.  J.  Bennet,  his  friend  and  successor  in 
the  keepership  of  the  Botanical  Depart- 
ment of  the  British  Museum,  his  complete 
writings,  the  "Prodromus"  alone  excepted, 
bearing  the  title  "Miscellaneous  Botanical 
Works"  (2  volumes  with  atlas  of  plates, 
1866-1868). 

The  portrait  of  Brown  shown  herewith 
is  a  reproduction  of  an  engraving  dated 
May  24,  1837.  The  engraving  was  made 
by  Charles  Fox  from  a  painting  by  H.  W. 
PickersgUl,  R.A.,  which  has  recently  been 
presented  to  the  Linnean  Society  by  some 
of  Brown's  friends. 

The  Brownian  Movement 

The  continuous  movements  observed  by 
the  microscope  among  minute  particles  sus- 
pended in  a  liquid  were  first  noticed  by 
Brown  in  1827,  and  these  movements  were 
later  called  "The  Brownian  movement"  in 
honor  of  the  discoverer.  The  discovery  was 
made  during  a  physiological-botanical  in- 
vestigation. The  investigation  is  recounted  in  two  magazine 
articles  published  in  1828  and  1829.  The  first  article  was  pub- 
lished in  the  Edinburgh  New  Philosophical  Journal,  Vol.  5,  April 
to  September,  1828,  pp.  358-371.  This  article  is  dated  July  30, 
1828,  and  bears  the  title,  "A  Brief  Account  of  Microscopical 
Observations  Made  in  the  Months  of  June,  July,  and  August, 
1827,  on  the  Particles  Contained  in  the  Pollen  of  Plants;  and  on 
the  General  Existence  of  Active  Molecules  in  Organic  and  Inor- 
ganic Bodies."  The  second  article  was  published  in  the  Edin- 
burgh Journal  of  Science,  Vol.  1,  April  to  October,  1829,  new 
series,  pp.  314-319.  It  is  dated  July  28,  1829,  and  has  the 
brief  title,  "Additional  Remarks  on  Active  Molecules."  The 
first  article  is  the  more   important. 

In  giving  an  account  of  Brown's  investigation  which  includes 
his  famous  discovery,  his  own  words  will  be  used  as  far  as  possible. 
The  word  "particles"  will  be  substituted  for  "molecules,"  and 
since  we  are  chemists — not  botanists — the  botanical  parts  re- 
lating to  shape  and  change  of  shape  of  the  particles  will  be  ex- 
cluded in  favor  of  the  chemical  parts  dealing  with  the  move- 
ments of  particles. 

His  apparatus  was  very  simple.  He  possessed  a  double 
convex  lens  and  also  a  pocket  microscope  with  two  lenses  having 
a  delicate  adjustment.     Nevertheless,  he  says: 

The  observations  have  all  been  made  with  a  simple  microscope, 
and  indeed  with  one  and  the  same  lens,  the  focal  length  of  which 
is  about  '/32  of  an  inch. 

In  his  introduction  he  states  his  thesis  thus: 

The  examination  of  the  unimpregnated  vegetable  ovulum, 
an  account  of  which  was  published  early  in  1826,  led  me  to  attend 
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more  minutely  than  I  had  done  before  to  the  structure  of  the 
pollen,  and  to  inquire  into  its  mode  of  action. 

Like  most  of  us,  he  did  not  get  a  quick  start,  for  he  states: 
It  was  not  until  late  in  the  autimm  of  1826  that  I  could  attend 
to  this  subject;  and  the  season  was  too  far  advanced  to  enable 
me  to  pursue  the  investigation.  Finding,  however,  in  one  of  the 
few  plants  then  examined,  the  figure  of  the  particles  contained 
in  the  grains  of  pollen  clearly  discernible,  and  that  figure  not 
spherical  but  oblong,  I  expected,  with  some  confidence,  to  meet 
with  plants  in  other  respects  more  favorable  to  the  inquiry,  in 
which  those  particles,  from  peculiarity  of  form,  might  be  traced 
through  their  whole  course. 

His  delay  was  not  long,  however,  and  he  continues: 

My  inquiry  on  the  point  was  commenced  in  June,  1827.  The 
first  plant  examined  was  Clarckia  piilchella,  of  which  the  grains 
of  pollen,  taken  from  antherae  full  grown,  but  before  bursting, 
were  filled  with  particles  or  granules  of  unusually  large  size,  vary- 
ing from  nearly  'Aoooth  to  about  '/soooth  of  an  inch  in  length,  and 
of  a  figure  between  cylindrical  and  oblong,  perhaps  slightly 
flattened,  and  having  rounded  and  equal  extremities. 

His  next  observation  reveals  the  skilled  investigator,  and  for 
us  is  intensely  interesting. 

While  examining  the  form  of  these  particles  immersed  in  water, 
I  observed  many  of  them  very  evidently  in  motion;  their  motion 
consisting  not  only  of  a  change  of  place  in  the  fluid,  manifested  by 
alteration  in  their  respective  positions,  but  also  not  unfrequently 
of  a  change  of  form  in  the  particle  itself.  *  *  *  These  motions 
were  such  as  to  satisfy  me,  after  frequently  repeated  observation, 
that  they  arose  neither  from  currents  in  the  fluid  nor  from  its 
gradual  evaporation,  but  belonged  to  the  particle  itself. 

In  these  simple  words  Brown  stated  the  discovery  that  has 
subsequently  taken  such  an  overwhelmingly  important  place  in 
chemistry. 

Realizing  the  significance  of  this  observation,  he  continues 
along  the  same  line: 

In  extending  my  observations  to  many  other  plants  of  the 
same  natural  family,  similar  motions  of  particles  were  ascer- 
tained to  exist.  I  found  also  in  their  grains  of  poUen  taken  from 
certain  plants  immediately  after  bursting  an  increase  in  the 
number  of  particles. 

This  great  increase  in  the  number  of  the  particles  before  the 
grain  of  pollen  could  possibly  have  come  in  contact  with  the 
stigma  was  a  perplexing  circumstance  in  this  stage  of  the  inquiry, 
and  I  accordingly  examined  numerous  species  of  many  of  the 
more  important  and  remarkable  families  of  the  two  great  primary 
divisions  of  phaenogamous  plants. 

In  a  great  proportion  of  these  plants  I  remarked  the  increase  of 
the  number  of  particles  after  the  bursting  of  the  antherae;  the 
particles,  of  apparently  uniform  size  and  form,  being  then  always 
present;  and  in  some  cases,  indeed,  no  other  particles  were  ob- 
served, either  in  this  or  in  any  early  stage  of  the  secreting  organ. 

In  many  plants  belonging  to  several  different  families  the 
membrane  of  the  grain  of  pollen  is  so  transparent  that  the  motion 
of  the  larger  particles  within  the  entire  grain  was  distinctly  visible; 
and  it  was  manifest  also  at  the  more  transparent  angles,  and  in 
some  cases  even  in  the  body  of  the  grain. 

The  successful  outcome  with  living  plants  led  him  to  broaden 
the  field.     He  goes  on  to  say: 

Having  found  motion  in  the  particles  of  the  pollen  of  all  the 
living  plants  which  I  had  examined,  I  was  led  next  to  inquire 
whether  this  property  continued  after  the  death  of  the  plant, 
and  for  what  length  of  time  it  was  retained. 

In  plants,  either  dried  or  immersed  in  spirit  for  a  few  days  only, 
the  particles  of  pollen  of  both  kinds  were  found  in  motion  equally 
evident  with  that  observed  in  the  living  plant;  specimens  of  sev- 
eral plants  some  of  which  had  been  dried  and  preserved  in  an 
herbarium  for  upwards  of  twenty  years,  and  others  not  less  than 
a  century,  still  exhibited  the  smaller  particles  in  considerable 
numbers,  and  in  evident  motion,  along  with  a  few  of  the  larger 
particles,  whose  motions  were  much  less  manifest,  and  in  some 
cases  not  observable. 

He  next  extends  his  field  still  further: 

In  this  stage  of  the  investigation,  having  found,  as  I  believed, 
a  peculiar  character  in  the  motions  of  the  particles  of  pollen 
in  water,  it  occurred  to  me  to  appeal  to  this  peculiarity  as  a  test 
in  certain  families  of  Cryptogamous  plants,  namely,  Mosses,  and 
the  genus  Equisetum,  in  which  the  existence  of  sexual  organs  had 
not  been  universally  admitted. 


In  the  supposed  stamina  of  both  these  families.  Mosses  and 
Equiseta,  I  found  minute  spherical  particles  having  equally 
vivid  motion  on  immersion  in  water;  and  this  motion  was  still 
observable  in  specimens  both  of  Mosses  and  of  Equiseta,  which 
had  been  dried  upwards  of  one  hundred  years. 

This  time  he  was  astonished,  but  continues: 

The  very  unexpected  fact  of  seeming  vitality  retained  by  these 
minute  particles  so  long  after  the  death  of  the  plant,  would 
not  perhaps  have  materially  lessened  my  confidence  in  the 
supposed  peculiarity.  But  I  at  the  same  time  observed  that 
on  bruising  the  ovula  or  seeds  of  Equiseta,  which  at  first 
happened  accidentally,  I  so  greatly  increased  the  number  of 
moving  particles,  that  the  source  of  the  added  quantity  could  not 
be  doubted.  I  found  also,  that  on  bruising  the  first  floral  leaves 
of  Mosses,  and  then  all  other  parts  of  those  plants,  I  readily  ob- 
tained similar  particles,  not  in  equal  quantity  indeed,  but  equally 
in  motion. 

Many  Investigators  would  have  stopped  at  this  point.  Not 
so  Brown — he  was  seeking  the  whole  truth.  Like  other  famous 
discoverers  he  reflected,  and  then  acted. 

Reflecting  on  all  the  facts  with  which  I  had  now  become  ac- 
quainted, 1  expected  to  find  these  particles  in  all  organic  bodies; 
and,  accordingly,  on  examining  the  various  animal  and  vegetable 
tissues,  whether  living  or  dead,  they  [the  particles]  were  always 
found  to  exist;  and  merely  by  bruising  these  substances  in  water, 
I  never  failed  to  disengage  the  particles  in  sufiicient  numbers  to 
ascertain  their  apparent  identity,  in  size,  form,  and  motion, 
with  the  smaller  particles  of  the  grains  of  pollen. 

I  examined  also  various  products  of  organic  bodies,  particu- 
larly the  gum  resins,  and  substances  of  vegetable  origin,  extend- 
ing my  inquiry  even  to  pit-coal;  and  in  all  these  bodies  particles 
were  found  in  abundance.  I  remark  here,  also,  partly  as  a  cau- 
tion to  those  who  may  hereafter  engage  in  the  same  inquiry 
that  the  dust  or  soot  deposited  on  all  bodies  in  such  quantity, 
especially  in  London,  is  entirely  composed  of  these  particles. 

One  of  the  substances  examined  was  a  specimen  of  fossil  wood, 
found  in  Wiltshire  oolite,  in  a  state  to  bum  with  flame;  and  as 
I  found  these  particles  abundantly,  and  in  motion  in  this  specimen, 
I  supposed  that  their  existence,  though  in  smaller  quantity, 
might  be  ascertained  in  mineralized  vegetable  remains.  With 
this  in  view  a  minute  portion  of  silicified  wood,  which  exhibited 
the  structure  of  Coniferae,  was  bruised,  and  particles  in  all 
respects  like  those  so  frequently  mentioned,  were  readily  ob- 
tained from  it.  Hence  I  inferred  that  these  particles  were  not 
limited  to  organic  bodies  nor  even  to  their  products. 

The  discovery  of  moving  particles  in  substances  on  the  border- 
line between  organic  and  inorganic  matter  led  him  to  test  the 
hypothesis  just  made.     So  he  says: 

To  establish  the  correctness  of  the  inference,  and  to  ascertain 
to  what  extent  the  particles  existed  in  mineral  bodies,  became  the 
next  object  of  inquiry.  The  first  substance  examined  was  a 
minute  fragment  of  window  glass,  from  which,  when  merely 
bruised,  I  readily  and  copiously  obtained  particles  agreeing 
in  size,  form,  and  motion  with  those  which  I  had  already  seen. 

I  then  proceeded  to  examine,  and  with  similar  results,  such 
minerals  as  I  either  had  at  hand  or  could  readily  obtain,  including 
several  of  the  simple  earths  and  metals,  with  many  of  their  com- 
binations. 

Rocks  of  all  ages,  including  those  in  which  organic  remains 
have  never  been  found,  yielded  the  particles  in  abundance. 
Their  existence  was  ascertained  in  each  of  the  constituent  min- 
erals of  granite;  a  fragment  of  the  Sphinx  being  one  of  the  spec- 
imens examined. 

Convinced  of  the  truth  of  his  discovery,  he  says : 

To  mention  all  the  mineral  substances  in  which  I  have  found 
these  particles,  would  be  tedious;  and  I  shall  confine  myself  in 
this  summary  to  an  enumeration  of  a  few  of  the  most  remarkable. 
These  were  both  of  aqueous  and  igneous  origin,  as  travertine, 
stalactites,  lava,  obsidian,  pumice,  volcanic  ashes,  and  meteorites 
from  various  localities.  (I  have  since  found  the  particles  in  the 
sandtubes,  formed  by  lightning,  from  Drig  in  Cumberland.) 
Of  metals  I  may  mention  manganese,  nickel,  plumbago,  bis- 
muth, antimony,  and  arsenic.  In  a  word,  in  every  mineral 
which  1  could  reduce  to  a  powder  sufficiently  fine  to  be  temporar- 
ily suspended  in  water,  I  found  these  particles  more  or  less  co- 
piously. 

The  second  article  adds  little  of  fundamental  value  to  the 
discovery  described  in  the  first  article.  However,  a  few  portions 
of  the  second  article  are  significant. 
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About  twelve  months  ago  I  printed  an  account  of  Microscopi- 
cal Observations  made  in  the  summer  of  1827,  on  the  Particles 
contained  in  the  Pollen  of  Plants;  and  on  the  general  Existence 
of  active  Molecules  in  Organic  and  Inorganic  Bodies. 

I  have  remarked  that  certain  substances,  namely,  sulfur, 
resin,  and  wax,  did  not  yield  active  particles,  which,  however, 
proceeded  merely  from  defective  manipulation;  for  I  have  since 
readily  obtained  them  from  all  these  bodies;  at  the  same  time  I 
ought  to  notice  that  their  existence  in  sulfur  was  previously 
mentioned  to  me  by  my  friend,  Mr.  Lister. 

He  adds  this  information  about  his  lenses: 

In  prosecuting  the  inquiry  subsequent  to  the  publication  of 
my  Observations,  I  have  chiefly  employed  the  simple  microscope 
mentioned  in  the  Pamphlet,  as  having  been  made  for  me  by 
Mr.  Dollond,  and  of  which  the  three  lenses  that  I  have  generally 
used,  are  of  a  40th,  60th,  and  70th  of  an  inch  focus. 

Many  of  the  observations  have  been  repeated  and  confirmed 
with  other  simple  microscopes  having  lenses  of  similar  powers, 
and  also  with  the  best  achromatic  compound  microscopes,  either 
in  my  own  possession  or  belonging  to  my  friends. 

His  summary  is  quoted  in  fuU : 

The  results  of  the  inquiry  at  present  essentially  agree  with 
that  which  may  be  collected  from  my  printed  account,  and  may 
here  be  briefly  stated  in  the  following  terms,  namely: 

That  extremely  minute  particles  of  solid  matter,  whether 
obtained  from  organic  or  inorganic  substances,  when  suspended 


in  pure  water,  or  in  some  other  aqueous  fluids,  exhibit  motions 
for  which  I  am  unable  to  account,  and  which  from  their  irregu- 
larity and  seeming  independence  resemble  in  a  remarkable  de- 
gree the  less  rapid  motions  of  some  of  the  simplest  animalcules  of 
infusions.  That  the  smallest  moving  particles  observed,  and 
which  I  have  termed  Active  Molecules,  appear  to  be  spherical, 
or  nearly  so,  and  to  be  between  '/zo.oooth  and  Vscoooth  of  an 
inch  in  diameter;  and  that  other  particles  of  considerably  greater 
and  various  size,  and  either  of  similar  or  of  very  different  figure, 
also  present  analogous  motions  in  like  circumstances. 

I  have  formerly  stated  my  belief  that  these  motions  of  the 
particles  neither  arose  from  currents  in  the  fluid  containing  them, 
nor  depended  on  that  [internal  ]  motion  which  may  be  supposed 
to  accompany  its  evaporation. 

In  Jean  Perrin's  little  book  entitled  "The  Brownian  Movement 
and  Molecular  Reality,"  the  famous  French  chemist  says: 

They  [the  particles)  go  and  come,  stop,  start  again,  mount, 
descend,  remount  again,  without  the  least  tending  toward 
immobility.  This  is  the  Brownian  movement,  so  named  in  mem- 
ory of  the  naturalist  Brown  who  discovered  it  in  1827  (very 
shortly  after  the  discovery  of  the  achromatic  objective),  then 
proved  that  the  movement  was  not  due  to  living  animalculae, 
and  recognized  that  the  particles  in  suspension  are  agitated 
the  more  briskly  the  smaller  they  are. 

If  we  believe  with  Perrin  and  others  in  the  reality  of  molecules 
and  their  continuous  movements,  then  the  name  of  Robert  Brown 
will  be  immortal. 


The  Testing  of  Chemicals  in  the  Bureau  of  Chemistry  from 

1920  to  1923' 


By  G.  C.  Spencer 

Bureau  of  Chemistry,  Washington,  D.  C. 


THE  practice  of  testing  all  chemicals  purchased  at  the 
Bureau  of  Chemistry  has  been  systematically  followed 
for  over  twenty  years,  with  results  that  have  demonstrated 
the  sound  economy  of  this  policy.  As  an  illustration  of  the 
necessity  for  watchfulness  on  the  part  of  Government  purchasing 
officers,  instances  have  been  noted  where  chemicals  that  had  been 
rejected  by  the  Bureau  of  Chemistry  were  hauled  away  by  the 
dealer  and  delivered  directly  to  one  of  the  neighboring  bureaus, 
which  accepted  these  supplies  without  examination. 

It  is  the  purpose  of  this  paper  to  discuss  some  of  the  cases  that 
have  arisen  in  the  bureau  diuring  the  past  three  years  with  a  view 
to  showing: 

1 — The  nature  of  the  objections  that  may  be  raised  by  the 
purchasers. 

2 — In  what  respects  the  manufacturers  may  be  to  blame. 

3 — A  few  suggestions  that  might  possibly  lead  to  better  under- 
standings between  dealers  and  customers. 

The  following  examples  of  chemicals  rejected  by  the  bureau 
will  help  to  illustrate  in  some  measure  the  buyer's  point  of  view: 

Calcium  oxide,  discolored  by  iron  and  contained  about  36  per 
cent  of  magnesium  oxide 

Hydrochloric  acid,  40  parts  per  million  of  arsenic.  A  replace- 
ment order  contained  5  parts  per  million 

Fuming  sulfuric  acid,  50  per  cent;    not  over  25  per  cent  free 
SOj  found,  and  was  liquid  at  room  temperature 
Lead  carbonate,  5.37  per  cent  water-soluble  matter 
Absolute  methanol,  5.5  mg.  residue  per  100  cc. 
Sodium  hydroxide,  high  in  sulfates  and  chlorides 
Sulfuric  acid,  10  parts  per  mUlion  of  arsenic 
Ammonium  thiocyanate,  iron  enough  to  give  it  a  pink  color 
Calciimi  chloride,  8.9  per  cent  alkahnity  as  CaO 


*  Presented  before  the  Division  of  Industrial  and  Engineering  Che 
at  the  66th  Meeting  of  the  American  Chemical  Society,  Milwaukee 
September  10  to  14,  1923. 


Potassium  carbonate,  8  per  cent  foreign  matter.  The  second 
and  third  replacement  orders  showed  no  improvement 

Absolute  ether  from  two  different  dealers;  both  reacted 
strongly  with  sodium  and  contained  aldehydes 

Benzene,  put  up  in  wet  bottles 

Acetic  acid  99.9  per  cent;  only  99.6  per  cent  was  found.  The 
manufacturer  had  depended  upon  the  titration  method  of  assay 
while  the  bureau  used  the  cryoscopic  method.  As  soon  as  the 
manufacturer  adopted  the  latter  method,  he  had  no  further 
trouble  in  supplying  the  desired  acid  strength 

Chlorinated  lime;  two  samples  contained  not  over  22  per  cent 
available  chlorine 

Ethyl  acetate,  16  mg.  residue  from  100  cc. ;  brown  color  with 
sulfuric  acid 

Carbon  disulfide,  6  mg.  residue  from  100  cc. 

Amyl  acetate,  packed  in  dusty  bottles  as  seen  by  suspended 
matter.  Two  replacement  orders  were  rejected  before  a  satis- 
factory lot  was  received.  The  last  of  these  had  a  residue  of  8  8 
mg.  from  100  cc. 

Magnesium  oxide,  iron  and  sulfates  present 

Here  also  may  be  included  the  chemical  samples  that  are  just 
on  the  line  of  acceptability,  not  quite  bad  enough  to  send  back  but 
applicable  only  for  certain  kinds  of  work.  Such  samples  cause 
more  annoyance  and  take  more  time  than  any  others.  For  ex- 
ample, the  specifications  of  the  General  Supply  Committee 
require  a  hydrochloric  acid  strength  of  36  per  cent  and  a  sulfuric 
acid  strength  of  95  per  cent.  It  has  happened  a  number  of  times 
that  the  acid  strengths  found  would  run  from  2  to  4  per  cent 
below  the  required  amounts.  On  at  least  one  occasion  the  dealer 
in  question  offered  to  adjust  the  price  to  conform  to  the  lower 
strength  fotmd. 

Summarizing  the  objectionable  features  in  the  list  just  enumer- 
ated, it  is  found  that  the  manufactiu-ers  are  at  fault  in  permit- 
ting dirty  or  wet  bottles  to  be  used  for  purified  chemicals.  This 
statement  is  justified  by  the  number  of  cases,  already  cited  in 
this  paper,  of  distilled  organic  liquids  which  should  be  free  from 
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weighable  residue,  at  least,  if  they  had  been  handled  carefully 
in  preparation.  The  mistakes  of  the  manufacturers  lie  in  their 
packing  and  shipping  departments  fully  as  much  as  in  their 
preparation  rooms.  This  point  has  been  emphasized  in  letters 
to  chemical  manufacturers,  and  usually  their  replies  have  indi- 
cated a  good  spirit  of  cooperation  and  a  promise  to  see  that  care- 
lessness would  be  eliminated  as  far  as  possible.  On  the  other 
hand,  the  customer  shares  some  of  the  blame.  Instead  of  re- 
porting grievances  in  a  friendly  spirit,  he  often  complains  to  his 
associates  of  the  poor  quality  of  goods  manufactured  by  the  firm 
in  question,  does  much  to  give  the  company  a  bad  name,  and  buys 
from  some  one  else. 

Wherever  possible  all  chemicals  purchased  should  be  examined 
to  ascertain  their  fitness  for  the  purpose  for  which  they  are  in- 
tended. This  does  not  always  mean  an  elaborate  chemical 
analysis.  A  careful  inspection  is  often  sufficient  to  detect 
particles  of  dirt,  foreign-colored  bodies,  and  moisture,  while 
in  cases  of  volatile  substances  the  lack  of  residue  at  once  proves 
the  absence  of  heavy  metals  and  of  many  minerals. 

Since  May  1,  1920,  the  total  number  of  chemicals  passed  upon 
in  the  Bureau  of  Chemistry  is  465,  from  40  different  dealers. 
Of  these  chemicals  32  (6.9  per  cent)  have  been  returned  as  unfit 
for  the  bureau  work.  Reference  may  here  be  made  to  a  pre- 
vious article  on  this  same  subject. ^  During  the  period  from  1911 
»  Buc,  This  Journal,  11,  1140  (1919). 


to  1915,  mentioned  in  Buc's  article,  about  1300  samples  were 
examined,  of  which  HO  (3.8  per  cent)  were  found  to  be  unsatis- 
factory. During  the  war  the  percentage  was  three  times  as 
much. 

The  conclusion  to  be  drawn  from  these  statements  is  that 
American  manufacturers  are,  for  the  most  part,  making  satis- 
factory chemicals.  There  is  still  a  great  deal  to  be  done,  however. 
The  examples  cited  in  this  paper,  as  well  as  those  given  by  Buc, 
show  an  unwarranted  carelessness  in  preparing  and  shipping 
chemicals.  Furthermore,  all  chemists  who  are  experienced  in 
examining  those  chemicals  which  bear  analyses  on  their  labels 
know  very  well  how  little  dependence  can  be  placed  on  such 
statements. 

In  1921  the  writer  sent  119  copies  of  a  circular  letter  to  mem- 
bers of  the  Association  of  Official  Agricultiural  Chemists,  asking 
for  specific  statements  of  unsatisfactory  reagent  chemicals. 
Only  17  replies  were  received,  and  of  these  only  5  had  any  com- 
plaints to  make.  From  the  lack  of  response  to  this  letter  it  may 
be  assumed  that  the  quality  of  reagents  purchasable  in  this  coun- 
try is  satisfactory;  on  the  other  hand,  it  may  be  assumed  that 
most  of  the  recipients  of  this  letter  were  satisfied  to  take  the 
legend  C.  P.,  or  the  label  analysis,  on  faith,  and  to  trust  to  luck. 

If  analytical  chemistry  is  to  be  defined  as  the  art  of  taking 
pains,  the  necessity  for  a  careful  selection  of  reagents  at  the  time 
of  purchase  cannot  be  overstated. 


Personals 


Irving  E.  Adams,  chemical  engineer  and  glass  consultant,  has 
terminated  his  contract  with  the  J.  E.  Marsden  Glass  Works, 
Inc.,  Ambler,  Pa.,  and  is  continuing  his  general  glass  consulting 
work  at  623  North  Spring  Garden  St.,  Ambler,  Pa. 

Fred  W.  Ashton,  of  the  Structural  Materials  Research  Labora- 
tory of  the  Portland  Cement  Association,  has  been  detailed  to 
the  Bureau  of  Standards. 

R.  C.  Atwater,  formerly  employed  as  chemical  engineer  with 
the  Beech-Nut  Packing  Co.,  is  now  engaged  as  chemical  en- 
gineer with  the  Atlantic  Refining  Co.,  Philadelphia,  Pa. 

John  J.  Boyle  has  resigned  his  position  with  G.  S.  Alexander 
&  Co.,  Inc.,  and  has  entered  the  brokerage  field  in  chemicals  and 
fertilizer  materials,  with  offices  at  140  Liberty  St.,  New  York,  N.  Y. 

Ralph  F.  Brenner,  formerly  chief  chemist  of  the  II.  C.  Fry 
Glass  Co.,  Rochester,  Pa.,  is  now  connected  with  the  Vitrolite 
Co.,  Parkersburg,  W.  Va. 

A.  C.  Bright  has  resigned  his  position  as  assistant  physicist  at 
the  Fixed  Nitrogen  Laboratory,  Department  of  Agriculture,  to 
accept  an  appointment  as  experimental  engineer  in  the  engineer- 
ing department  of  E.  I.  du  Pont  de  Nemours  &  Company. 

Edward  Epstein,  chemist  at  the  du  Pont  Fibre  Silk  Company's 
plant  at  Buffalo,  N.  Y.,  was  seriously  injured  on  November  2, 
while  at  work  in  the  laboratory,  when  a  retort  of  chemicals 
flared  up,  badly  burning  his  face. 

Carl  Fellers,  formerly  associated  with  the  Bureau  of  Chem- 
istry and  with  the  National  Canners  Association,  has  been 
appointed  associate  professor  of  the  newly  established  depart- 
ment of  food  preservation,  University  of  Washington. 

Arthur  C.  Gerlach,  formerly  of  the  Bureau  of  Yards  and  Docks, 
Navy  Department,  has  been  appointed  aS  an  assistant  dust 
explosion  prevention  engineer  and  assigned  to  the  office  of  De- 
velopment Work  of  the  Bureau  of  Chemistry,  Washington,  D.  C. 

Bemhard  G.  Hartmann  has  been  transferred  from  the  Chicago 
Food  and  Drug  Inspection  Station  of  the  Bureau  of  Chemistry 
to  the  Food  Control  Laboratory,  Bureau  of  Chemistry,  Wash- 
ington, D.  C. 

Lucille  Johnson,  who  recently  completed  some  research  xmder 
the  direction  of  A.  W.  Thomas  at  Columbia  University,  has 
accepted  a  position  as  instructor  in  the  Household  Science  De- 
partment of  the  University  of  California. 

Roland  M.  Kohr,  formerly  with  the  National  Refining  Co., 
Findlay,  Ohio,  is  now  metallurgist  and  special  chemist  for 
the  GrasseUi  Chemical  Co.,  Clarksburg,  W.  Va. 

Norman  W.  Elrase  has  resigned  his  position  in  the  Fixed 
Nitrogen  Research  Laboratory,  to  accept  an  instructorship  in 
the  Department  of  Chemical  Engineering  at  Yale  University. 


M.  A.  Lamme,  formerly  engaged  in  chemical  and  geological 
work  in  South  America,  has  recently  joined  the  research  staff  of 
the  manufacturing  organization  of  the  Western  Electric  Co., 
Hawthorne  Works,  Chicago,  111. 

Arthur  D.  Little,  president  of  Arthur  D.  Little,  Inc.,  was 
elected  life  member  of  the  Corporation  of  the  Massachusetts  In- 
stitute of  Technology  at  the  fall  meeting  of  the  corporation  held 
on  October  24,  1923. 

Bermo  Lowy,  of  San  Francisco,  Calif.,  a  chemist  associated 
with  the  Pacific  Chemical  Laboratories,  has  been  reappointed 
official  chemist  of  the  New  York  Produce  Exchange  for  the 
Pacific  Coast  territory  and  the  Orient. 

L.  P.  Miller  has  left  the  employ  of  the  National  AniUne  _& 
Chemical  Co.,  Buffalo,  N.  Y.,  to  accept  an  appointment  in 
the  control  laboratory  of  the  mill  of  the  West  Virginia  Pulp  & 
Paper  Co.,  Piedmont,  W.  Va. 

B.  H.  Nissan,  who  received  his  B.S.  from  the  University  of 
Wisconsin  in  June,  1923,  has  accepted  an  appointment  as  re- 
search chemist  for  the  Blue  Valley  Creamery  Co.,  Chicago,  111. 

B.  Sandmann,  who  recently  spent  some  time  in  Venezuela,  has 
returned  to  New  Orleans  and  will  continue  his  former  business 
as  consulting  engineer,  specializing  in  animal  and  vegetable 
carbons. 

Earl  A.  Sewell,  who  received  his  degree  of  chemical  engineer 
from  the  Tri-State  College  of  Engineering,  Angola,  Ind.,  in 
August,  1923,  has  accepted  a  position  as  chemist  in  the  labora- 
tory of  the  Huron  Portland  Cement  Co.,  Alpena,  Mich. 

Philip  P.  Sharpies,  who  for  the  past  eighteen  years  has  been  in 
the  employ  of  The  Barrett  Co.,  is  now  connected  with  the  Palos 
Verdes  Project,  Redondo  Beach,  Calif. 

Harold  Stose,  who  was  connected  with  the  Research  Labora- 
tory of  Applied  Chemistry  at  the  Massachusetts  Institute  of 
Technology,  has  accepted  an  appointment  in  the  chemical  de- 
partment of  the  Hood  Rubber  Co.,  Watertown,  Mass. 

Victor  H.  Transue  resigned  from  his  position  in  the  laboratory 
of  the  Barber  Asi-ihalt  Co.,  Maurer,  N.  J.,  to  accept  a  position 
in  the  research  laboratory  of  the  Barrett  Co.,  Frankford,  Pa. 

J.  E.  Underwood  has  resigned  his  position  as  research  chemist 
with  the  Radium  Emanation  Corporation,  to  join  the  staff  of 
the  National  Lime  Association  as  assistant  chemical  director. 

A.  T.  Ward,  who  has  been  associated  with  the  Union  Carbide 
&  Carbon  Corp.,  New  York,  has  gone  in  business  for  himself, 
operating  imder  the  name  of  Acme  Coal  Mining  Sales  Corp.,  20 
Broad  St.,  New  York,  N.  Y. 
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John  Maxson  Stillman 

John  maxson  stillman  was  the  first  executive  head  of 
"  the  Chemistry  Department  of  Leland  Stanford  Junior  Univer- 
sity.    Here  he  found  an  atmosphere  so  congenial,  a  field  of  work  so 
full  of  possibilities,  and  a  burden  of  respon- 
sibilities so  great  that  it  would  have  been 
dilBcult  for  him  to  have  migrated  elsewhere, 
even  had  he  so  desired.     At  any  rate,  here 
he  has  stayed,  and  here  he  has  labored  and 
rested  and  labored  again,  until  today  finds 
him  an  emeritus  of  six  years'  standing,  still 
laboring  and  resting  and  laboring  again. 

To  the  casual  acquaintance  of  the  street, 
the  club,  the  social  circle,  he  is  always  the 
embodiment  of  gentlemanly  grace  and  affa- 
bility ;  genuinely  cultured  and  quick  of  wit ; 
the  ideal  toastmaster  who  can  preside  with 
a  light  and  airy  dignity  and  never  say  "that 
reminds  me  of  a  story,"  and  who  can  keep 
the  revelers  in  merriment  without  recourse 
to  the  slightest  suggestion  of  coarseness. 
Socially  he  is  an  artist  of  high  rank. 

His  services  to  Stanford  University  have 
been  of  fundamental  importance.  As  the 
guiding  hand  in  the  upbuilding  of  the 
chemistry  department,  his  work  was  so 
well  done  that,  since  his  retirement,  little 
has  been  necessary  except  to  follow  along 
the  lines  of  general  policy  which  were 
established  under  his  regime.  Within  the 
department  he  maintained  himself   in   the 

fortunate  position  of  one  possessed  of  almost  absolute  power, 
but  wise  enough  to  wield  it  as  little  as  possible.  His  willing- 
ness to  listen  most  patiently  to  opponents,  and  to  discuss  with 
perfect  calmness  and  fairness  all  the  intricacies  of  a  difficult 
situation,  together  with  his  firm  insistence  on  the  right  of  the 
junior  members  of  the  staff  to  teach  as  they  thought  best,  were 
always  potent  factors  in  keeping  the  waters  smooth.  Yet  every 
one  knew  that  the  power  was  there  and  that  if  the  occasion 
should  arise  the  sword  would  be  drawn. 

In  the  broader  field  of  general  university  administration 
Stillman  has  also  done  yeoman's  work.  He  has  served  for 
considerable  and  often  very  delicate  and  difficult  periods  as 
vice  president  and  as  close  councilor  to  both  president  and 
trustees.  Here  his  administrative  talent  showed  itself  in  a  way 
quite  other  than  that  of  the  head  professor  of  chemistry.     No 


John  Maxson  Still 


longer  dictator,  he  became  the  loyal  and  zealous  agent  of  his 
superiors  in  power.  He  accorded  to  those  in  authority  over 
him  that  same  respect  and  allegiance  which  he  expected  and 
knew  so  well  how  to  win  from  those  under  him.  But  by  no 
means  did  he  ever  become  the  mere  henchman.  In  council 
he  would  present  his  views  with  all  the 
force  he  could  muster,  and  he  often  won 
his  point  through  better  information  as  to 
the  details  of  a  situation,  together  with 
an  unusually  keen  ability  to  visualize  and 
express  clearly  the  possible  and  probable 
results  of  a  mooted  policy.  But  the  decision 
once  taken,  whether  for  or  against  him, 
became  in  his  eyes  inviolable  law,  and  if, 
in  the  course  of  the  years,  there  have  been 
any  who  have  conceived  for  him  anything 
akin  to  dislike  or  enmity,  it  is  fairly  safe 
to  attribute  it  to  their  having  crashed 
against  his  stone-wall  defense  of  the  author- 
ity of  his  superiors. 

As  a  teacher,  Stillman  was  always  a 
clear  and  convincing  lecturer,  and  he  courted 
intimate  discussions  with  his  pupils.  That 
these,  almost  without  exception,  came  to 
admire  and  revere  him,  is  shown  clearly 
enough  by  the  ease  with  which  a  substantial 
sum  was  raised  among  them  to  establish  the 
Stillman  Fellowship  Fund  as  a  testimonial  at 
the  time  of  his  retirement. 

As  an  investigator  he  has  numerous  titles 
to  his  credit,  but,  the  burdens  of  administra- 
tion coming  on  him  so  comparatively  early 
in  life,  he  was  forced  pretty  nearly  to  renounce  research  "in 
order  to  make  it  possible  for  others  to  do  the  work."  However, 
the  creative  chemist  in  him  had  to  survive  somehow,  and  he  turned 
his  attention  to  the  historical  aspects  of  his  science,  and  numer- 
ous essays  in  this  field  have  appeared  from  his  pen.  Since  retire- 
ment his  activities  in  this  direction  have  increased,  and  a  "Life 
of  Paracelsus"  has  already  appeared,  and  "The  Story  of  Early 
Chemistry,"  conceived  on  unique  lines,  is  in  the  hands  ot  the 
printer. 

And  so  an  unusually  sensitive  nature,  buoyed  up  by  a  high 
regard  for  spiritual  values,  has  traveled  through  the  vicissitudes 
of  life  to  the  golden  harvest  time.  It  has  already  been  a  long 
and  useful  life,  and,  happily,  time  still  goes  on. 

S.  W.  Young 


Calendar  of  Meetino's 


American  Institute  of  Chemical  Engineers — Winter  Meeting, 
Washington,  D.  C,  December  5  to  8,  1923. 

American  Petroleimi  Institute — 4th  Annual  Meeting,  St.  Louis, 
Mo.,  December  11  to  13,  1923. 

American  Association  for  the  Advancement  of  Science — 7.5tli 
Meeting,  Cincinnati,  Ohio,  December  27,  1923,  to  January  2, 
1924. 

Federated  American  Engineering  Societies — Annual  Meeting, 
Washington,  D.  C,  Januar>'  10  and  11,  1924. 


Franklin  Institute — Annual  Meeting,  Philadelphia,  Pa.,  January 
16,  1924. 

American  Society  of  Heating  and  Ventilating  Engineers — 
Annual  Meeting,  New  York,  N.  Y.,  January  22  to  25,  1924. 

American  Ceramic  Society — ^Atlantic  City,  N.  J.,  February  4  to 
9,  1924. 

American  Chemical  Society — 67th  Meeting,  Washington,  D.  C, 
April  21  to  2.5,  1924. 

American  Electrochemical  Society — Spring  Meeting,  Phila- 
delphia, Pa.,  April  24  to  26,  1924. 
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NOTES  AND  CORRESPONDENCE 


A   Device   for   Water   Analysis  and 
Slow  Filtration 

Editor  of  Industrial  and  Engineering  Chemistry: 

In  This  Journal,  15,  901  (1923),  Andrew  C.  Simmons  de- 
scribes a  labor-saving  filtration  device.  The  writer  used  such 
devices  for  many  years  and  can  testify  as  to  their  great  practical 
convenience  and  economy  of  time.  No  chemist  should  be  con- 
tent to  "park"  in  front  of  a  filter  and  slowly  dribble  a  poorly 
filtering  solution  through  it  by  hand.  But  we  think  that 
Mr.  Simmons'  explanation  of  the  operation  of  his  device  is 
mistaken.  It  is  chiefly  a  surface  tension  phenomenon.  The 
bubble  of  air  imprisoned  in  D  (see  his  figure),  approximately 
spherical  in  shape,  is  gradually  drawn  into  the  main  delivery 
tube  as  the  level  of  the  evaporating  liquid  lowers,  and  in  the 
process  it  becomes  distorted  and  drawn  out  until  flotation 
overcomes  surface  tension  causing  a  portion  of  the  bubble 
to  break  off  and  rise  into  the  flask.  This  rupturing  of  the 
surface  film  is  the  whole  thing,  and  the  necessary  difference  in 
pressure  at  D  and  E  is  the  pressure  required  to  distort  the 
bubble  and  increase  its  surface.  It  might  be  obser\-ed  in  passing 
that  surface  tension  phenomena  play  a  far  greater  part  in  hydro- 
statics than  many  laboratory  workers  realize. 

An  equally  effective  filtration  device  can  more  easily  be  made 
without  the  appendage  AD.  A  small  hole  at  .4,  flush  with  the 
surface  of  the  main  tube  and  about  10  mm.  above  the  tip,  is 
sufficient.  Upon  the  size  of  the  hole  will  depend  the  height  of 
theXwater  column  AE,  at  which  it  vents.  (Surface  tension 
again.)  A  convenient  diameter  is  3  to  4  mm.  The  smaller  the 
hole  the  greater  wUl  be  the  fluctuation  of  level.  In  putting  such 
a  device  into  operation,  after  filling  and  assembling,  a  bit  of  wet 
filter  paper  is  placed  over  the  hole  at  A.  With  care,  the  whole 
can  then  be  inverted  over  the  filter  or  evaporating  dish  without 
spilling.     T\Tien  adjusted  the  paper  seal  is  removed. 

With  all  these  pneumatic  devices  it  should  be  remembered 
that  heating  of  the  air  above  the  solution  in  the  flask  introduces 
a  disturbing  element. 

Charles  Van  Brunt 

GSNERAi,  Electric  Company 
Schenectady,  N.  Y. 
September  14,  1923 


Editor  of  Itiduslrial  and  Engineering  Chemistry: 

The  letter  from  Mr.  Van  Brunt  with  his  suggested  explanation 
of  the  mechanism  of  the  automatically  regidated  flow  of  liquid 
in  the  de\-ice  which  I  described  has  interested  me  a  great  deal. 
At  the  time  that  1  made  this  device  I  was  a  student  at  the  Univer- 
sity of  Florida.  It  seemed  to  me  that  much  time  was  wasted 
in  laboratory  filtration  and  evaporation  processes  which  could 
be  easily  saved  by  the  use  of  an  automatic  feed.  After  several 
trials,  I  finally  hit  upon  the  present  scheme  which  seemed  to 
solve  the  problem  satisfactorily. 

Since  that  time  I  have  realized  that  the  explanation  which  I 
gave  was  not  adequate.  Mr.  Van  Bnmt  is  certainly  right  in 
his  contention  that  surface  tension  plays  a  role  in  the  process. 
As  I  conceive  the  process,  it  occurs  as  follows: 

We  have  an  inverted  flask,  partially  filled  with  liquid  and  at- 
tached by  means  of  a  stopper  in  the  neck  to  a  long,  vertical  glass 
tube  which  dips  into  the  liquid  in  an  evaporating  dish  below. 
Some  of  the  Uquid  from  the  flask  empties  down  the  tube,  but 


finally  the  flow  ceases,  and  wUl  not  begin  again  until  more  air  is 
allowed  to  enter  the  space  in  the  flask  above  the  liquid.  The 
air  in  this  space  is  in  a  "stretched"  condition,  so  to  speak — that 
is,  its  pressure  is  less  than  that  of  the  atmosphere,  and  the  differ- 
ence between  the  two  is  just  equal  to  the  hydrostatic  pressure 
of  the  column  of  liquid  extending  from  the  surface  of  the  Uquid 
in  the  flask  to  the  surface  of  the  liquid  in  the  dish  below.  In 
this  column  at  the  level  of  the  Uquid  surface  in  the  dish  the  pres- 
sure is  atmospheric,  but  it  rapidly  decreases  with  the  height  of 
the  column.  If  we  are  working  with  water  as  the  Uquid,  the 
pressiu-e  faUs  off  about  eight  hundred  times  more  rapidly  in 
ascending  inside  the  tube  than  it  does  outside  in  the  air,  because 
of  the  difference  in  density  of  water  and  air.  If  we  had  either 
a  smaU  hole  in  the  glass  tube  (described  by  Mr.  Van  Brunt),  or 
a  smaU  open  arm  attached  to  the  tube  (as  in  my  case)  at  a  dis- 
tance of,  say,  a  few  centimeters  above  the  Uquid  in  the  dish,  the 
pressure  in  the  water  at  the  level  of  the  opening  would  be  con- 
siderably less  than  that  of  the  atmosphere  at  the  same  point, 
and  we  would  expect  air  to  force  its  way,  as  bubbles,  into  the 
water  column.  And  so  it  would,  were  it  not  for  the  siurface 
tension  of  the  bubble  film.  The  combined  effect  of  the  pressure 
in  the  water  and  of  the  surface  tension  prevents  the  growth  of 
the  incipient  bubble  and  hence  prevents  the  entrance  of  the  air. 
However,  as  the  water  level  in  the  dish  faUs — say,  by  evapora- 
tion— the  effect  is  exactly  the  same  as  though  the  tube  were  puUed 
up  out  of  the  water  a  smaU  distance;  the  height  of  the  opening 
above  the  liquid  is  increased,  and  this  means  that  the  pressure 
in  the  water  at  the  level  of  the  opening  is  now  much  less  than 
before  and  that  the  air  bubbles  can  now  form  and  rise  into  the 
flask.  A  large  flow  of  water  from  the  flask  foUows,  and  as  the 
level  in  the  dish  rises  again  the  original  conditions  are  restored. 


Andrew  C.  Simmons 


Ohio  State  UNrvERSiTY 
Columbus,  Ohio 
November  1,  1923 


Adsorption  of  Dyes  by  Gelatin 

Editor  of  Industrial  and  Engineering  Chemistry: 

In  reference  to  the  work  of  Briggs  and  BuU  and  also  of  Rein- 
muth  and  Gordon,  on  "Effect  of  Hydrogen-Ion  Concentration  on 
Adsorption  of  Dyes  by  Wool  and  Mordants"  [This  JotniNAL, 
15,  818  (1923)],  1  have  found  similar  results  in  the  adsorption  of 
dyes  by  gelatin. 

Halsey  E.  Silliman 
New  York,  N.  Y. 
October  30,  1923 


Metric  System — Correction 

On  page  996  of  the  October,  1923,  issue  of  This  Journal  we 
gave  the  essence  of  the  motion  on  the  metric  system  as  originaUy 
presented  by  the  Committee  on  the  Metric  System  at  the  Coim- 
cil  meeting  in  Milwaukee.  This  motion,  however,  was  returned 
to  the  committee  for  amendment  and  the  motion  as  finaUy 
adopted  reads: 

All  articles  relating  to  laboratory  test  of  procedure  published  in  any  o( 
the  journals  of  the  American  Chemical  Society  shall  contain  dimensions 
expressed  metrically.  Other  equivalents  may  be  added  where  the  author 
so  desires.      ISee  page  113,  Proceedings,  J.  Am.  Chem.  Soc,  45  (1923).) 


December,  1923 
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Advertising  Abuses 

Editor  of  Industrial  and  Engineering  Chemistry: 

The  News  Edition  of  October  20,  1923,  contained  an  editorial 
on  "Advertising  the  Chemist,"  which  pointed  out  some  of  the 
evils  arising  from  the  use  of  the  chemist  in  connection  with 
advertisements,  especially  those  that  exploit  some  device,  ma- 
terial, or  substance  of  supposedly  unusual  merit. 

Both  science  and  the  chemist  are  exploited  frequently  by 
such  means.  The  public  seems  to  swallow  the  bait,  hook  and 
sinker,  if  science  is  appealed  to  in  the  advertisement.  Too 
great  a  protest  in  our  professional  journals  can  hardly  be  made 
against  such  abuses.  Generally,  the  advertising  agency  is 
to  blame  in  so  distorting  facts.  But  it  may  well  be  asked  if 
the  chemist  is  not  sometimes  to  be  blamed  for  allowing  such  pro- 
cedures to  go  free  by  failing  to  make  a  protest  or,  what  is  worse,  by 
permitting  himself  to  be  used  in  a  field  in  which  he  is  not  expert. 

Our  pure  food  and  drug  laws  aim  to  protect  the  public  from 
adulterated  and  misbranded  materials.  Certain  abuses  are 
prohibited  by  these  laws  and  false  claims  concerning  the  healing 
or  curative  effects  of  products  cannot  now  be  made.  These 
laws  do  not  touch  cosmetics  and  they  do  not  apply  to  state- 
ments concerning  the  nutritive  value  of  foods.  The  American 
Medical  Association  enjoys  pointing  out  the  absurdities  dealt  in 
by  producers  of  the  cosmetics,  but  no  one  seems  to  be  interested  in 
false  nutritional  claims  on  package  goods  and  in  advertisements. 

In  connection  with  this  kind  of  misinformation  and  exploita- 
tion of  science  and  the  chemist,  there  are  two  types  of  abuse — • 
absurd  claims  concerning  the  merits  of  the  food  being  advertised, 
and  false  and  misleading  statements  concerning  some  competing 
food  or  a  food  which  the  advertiser  seems  to  think  is  unnecessary 
or  harmful.  For  example,  a  certain  health  food  company 
advertises  on  its  package  foods  that  the  food  contained  therein 
has  none  of  certain  normal  ingredients  of  another  food,  which 
ingredients  are  labeled  poisons  by  the  health  food  company. 
The  food  so  attacked  is  a  staple  food  in  great  demand  and  is 
perfectly  wholesome. 

The  Federal  Trade  Commission  is  sometimes  interested  in 
such  matters.  Advertising  clubs  are  beginning  to  be  interested 
and  sometimes  act  quite  effectively  in  ending  an  abuse.  The 
chemist  through  his  professional  organizations  and  journals 
should  be  interested  and  should  take  a  firm  and  ethical  stand  on 
such  questions. 

C.  Robert  Moulton 

Institute  of  American  Meat  Packers 
Chicago,  III. 
November  16,  1923 


in  the  history  of  chemistry.  He  believes  that  the  maintenance  of 
our  Chemical  Warfare  Service  is  of  immense  practical  impor- 
tance to  any  future  wars  that  may  arise  and  that  chemical  warfare 
has  now  been  developed  into  a  distinct  arm  of  our  defense  service ; 
that  the  dye  industry  has  also  been  established  in  this  country  on 
a  basis  so  solid  that  it  will  resist  all  the  economic  warfare  waged 
against  it  by  misinstructed  but  perhaps  patriotic  citizens.  In 
closing.  Dr.  Wiley  urged  the  members  to  do  all  in  their  power 
properly  to  develop  this  industry  so  that  our  Chemical  Warfare 
Service  will  be  in  a  position  to  command  at  once,  if  necessary, 
all  the  poisonous  gases  which  it  needs  in  the  defense  of  our 
country. 

The  association  endorsed  the  Prize  Essay  Contest  of  the 
American  Chemical  Society  in  the  following  resolution: 

Resolved,  That  this  Association  wishes  to  go  on  record  as 
heartily  endorsing  the  campaign  inaugurated  by  the  American 
Chemical  Society  to  educate  the  American  people  to  a  better 
understanding  of  chemistry,  its  possibilities,  and  its  applications 
to  everyday  life. 

The  officers  for  the  coming  year  are:  Honorary  President, 
H.  W.  Wiley;  President,  R.  E.  Doolittle;  Vice  President,  C.  A. 
Browne ;  Secretary- Treasurer,  W.  W.  Skinner ;  additional  members 
of   the  Executive  Committee,  E.  M.  Bailey  and  P.  B.  Dunbar. 


A.  O.  A.  C.  Meeting 

The  Association  of  Official  Agricultural  Chemists  held  its 
annual  meeting  at  the  Raleigh  Hotel,  Washington,  D.  C,  No- 
vember 19  to  21,  1923.  C.  A.  Browne,  the  newly  appointed 
chief  of  the  Bureau  of  Chemistry,  delivered  a  few  words  of  greet- 
ing in  behalf  of  his  organization.  He  warned  the  association 
against  branching  off  into  research  work,  stating  that  its  chief 
function  and  value  lie  in  the  development  and  elaboration  of 
accurate  analytical  methods.  A  man  must  be  a  good  analyst 
before  he  can  be  a  research  chemist.  This  ideal  the  association 
has  always  maintained  and  he  urged  the  members  not  to  change 
their  course. 

Harvey  W.  Wiley,  honorary  president,  addressed  the  general 
meeting  on  Tuesday  morning.  This  was  the  best  attended 
session  of  the  entire  convention.  Dr.  Wiley's  extemporaneous  talk 
is  always  looked  forward  to  as  the  bright  spot  of  the  convention 
and  he  did  not  disappoint  his  hearers.  Departing  from  the  subject 
of  strictly  agricultural  chemistry,  he  stressed  the  importance  of 
preparedness  in  time  of  peace  and  briefly  but  forcibly  outlined 
the  history  of  chemical  warfare,  referring  to  it  as  a  new  epoch 
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Liquor  Zinci  Chloridi 
*Maltum 
Massa  Ferri  Carbonatis 
Pilulae  Phosphori 
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Quinine      Ethylcarbonate       ("Eu- 
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Changes  in  U.  S.  Pharmacopoeia  Tenth 

We  give  below  lists  of  proposed  "admissions"  and  "deletions" 
for  the  U.  S.  Pharmacopoeia  Tenth.  The  first  list  contains  addi- 
tional titles  that  have  been  proposed.  The  second  list  consists 
of  other  titles,  official  in  the  U.  S.  Pharmacopoeia  Ninth,  but  not 
recommended  for  inclusion  in  the  new  Pharmacopoeia.  In 
the  list  of  admissions  there  are  a  few  titles  marked  with  footnote 
which  were  reported  as  "deletions"  in  earlier  lists,  but  which  have 
been  admitted  through  the  action  of  the  Referee  Committee  on 
Scope,  after  careful  consideration  of  the  comments  received  from 
those  who  objected  to  their  deletion. 

Further  Admissions  to  the  U.  S.  P.  X. 
Acetum  Scillae  Fiuidextractum  Scillae 

Althaea  Fiuidextractum  Uvae  Ursi 

•Ammonii  Salicylas  Ipomoea    Orizabensis    (to    replace 

♦Bismuthi  Subsalicylas 
*Caffeina  Citrata 
*CaIcii  Glycerophosphas 
Carbon  Tetrachloride 
Ceratum 

Ceratum   Cantharidis 
♦Cimicifuga 

*Diacetylmorphinae    Hydrochlori- 
dum 
Emplastrum   Belladonnae 
Emplastrum  Cantharidis 
*Extractum  Cimicifugae 
♦Extractum  Malti 
Fiuidextractum   Belladonnae   Foil-  Tinctura  Lobelia 

orum  (new — not  in  U.  S.  P.  IX;         Tinctura  Tolutana 
the    Fluidextract    of  the  root  is         Tinctura  Valerianae  Ammoniata 
also  oflBcial)  Tinctura  Zingiberis 

*Fluidextractum  Sarsaparillae  Unguentum  Hydrargyri  Nitratis 

The  following  general  articles  will  be  included: 
Aquae  Infusa 

Aquae  Aromaticae  Suppositoria 

Decocta  Tincturae 

Extracta  Triturationes 

Fluidextracta 

♦These  titles  were  announced  as  deletions  but  have  since  been  admitted. 

Deletions 
The   following  additional   titles,  oflBcial  in  the  U.  S.   P.  IX,  have  not 
been  admitted  to  the  Tenth  Revision. 
Acidum    Oleicum  Oleum  Sesami 

CoUodium  Cantharidatum  Opium  Deodoratum 

Extractum  Aconiti  Pilulae  Ferri  lodidi 

Extractum  Gentianae  Pilulae  Rhei  Compositus 

Extractum  Opii  Pulvis    Aromaticus 

Fiuidextractum    Aconiti  Scammoniae    Radix     (replaced     by 

Fiuidextractum    Gentianae  Ipomoea    Orizabensis) 

Fiuidextractum  Lobeliae  Serum  Antidiphthericum  Siccum 

Fiuidextractum  Nucis  Vomicae  Serum  Antitetanicum  Siccum 

Fiuidextractum  Veratri  Viridis  Spiritus  Juniper)  Compositus 

Linimentum  Terebinthinae  Tinctura    Cannabis 

Liquor  Sodii  Glycerophosphatis  Tinctura  Cinnamomi 

Olcatum   Hydrargyri  Trochisci  Cubebae 

Oleoresina   Cubebae  Trochisci  Potassii  Chloratis 

Expressions  of  opinion  regarding  these  proposed  changes  are 
desired,  and  should  be  submitted  to  the  general  chairman, 
E.  Fullerton  Cook,  636  S.  Franklin  Sq.,   Philadelphia,  Pa. 


♦Sarsaparilla 

Spiritus  Aetheris  Nitrosi 
♦Syrupus  Sarsaparillae  Compositus 

Terebenum 

Tinctura  Cantharidis 
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WASHINGTON   NOTES 


Internal  Revenue  Regulations 
Work  is  progressing  satisfactorily  on  the  revision  of  Internal 
Revenue  Regulations  60,  "Relative  to  Intoxicating  Liquor," 
and  it  is  hoped  that  they  can  be  put  into  effect  within  a  few  weeks. 
These  regulations  have  received  the  attention  of  the  Alcohol 
Trades  Advisory  Committee,  upon  which  the  American  Chemi- 
cal Society  has  a  representative,  and  were  first  submitted  to 
this  committee  in  July. 

Tariff  Commission  Activities 

The  work  of  the  Tariff  Commission,  so  far  as  we  are  in- 
terested, centered  during  the  past  month  in  the  various  hearings 
that  were  held.  On  November  5,  applications  were  heard  for 
an  increase  and  also  for  a  decrease  in  the  present  duty  on  oxalic 
acid.  The  Victor  Chemical  Company,  of  Chicago,  applied  for  an 
increase  of  50  per  cent  in  the  4  cents  per  pound  duty  on  this  chem- 
ical, whereas  representatives  of  R.  W.  Greff  &  Company,  of  New 
York,  asked  for  a  decrease.  Both  sides  waived  rights  to  submit 
briefs  and  final  arguments  and  the  case  was  closed  so  far  as  evi- 
dence was  concerned.  The  next  step  is  for  the  Commission  to 
report  its  findings  to  the  President. 

On  November  7,  1923,  the  barbital  hearing  was  held.  A.  S. 
Burdick,  president,  and  E.  H.  Ravenscroft,  vice  president  of 
the  Abbott  Laboratories.  Chicago,  111.,  appeared  in  defense  of  the 
application  for  an  increase  of  50  per  cent  in  the  present  rate  of 
duty  of  25  per  cent.  No  one  appeared  in  opposition  and  the 
case  was  closed.  Statistics  were  given  showing  that  before  the 
war  this  product  was  imported  at  S7  and  sold  for  $21  per  pound 
and  that  now  the  domestic  product  sells  to  the  drug  trade  for  $8. 

The  hearing  on  barium  peroxide  was  held  on  November  9. 
The  J.  H.  R.  Products  Company,  of  Willoughby,  Ohio,  the  sole 
manufacturer  of  this  product  in  the  United  States  for  sale  in  the 
open  market,  applied  for  an  increase  of  at  least  2  cents  per 
pound  in  the  present  duty  of  4  cents  per  pound.  John  Bene 
&  Sons,  Inc.,  of  Brooklyn,  applied  for  a  decrease  of  at  least  1 
cent  per  pound,  their  chief  contention  being  that  if  the  duty  was 
increased  they  could  not  afford  to  import  barium  peroxide  in  future 
and  would  be  forced  to  buy  from  this  one  domestic  manufacturer 
who,  they  were  afraid,  would  raise  his  price.  Witnesses  were 
given  until  November  20  to  file  final  briefs. 

The  Tariff  Commission  published  the  actual  costs  of  production 
in  connection  with  the  logwood  extract  case  which  was  held  and 
closed  on  November  12.  The  American  Dyewood  Company 
asked  that  the  duty  on  this  product  be  increased  by  applying 
the  American  valuation  principle  to  the  rate  of  duty  in  the  new 
tariff  act.  The  Logwood  Manufacturing  Corporation  appeared 
in  opposition.  The  chief  argument  advanced  by  the  American 
Dyewood  Company  was  that  the  case  should  be  settled  on  costs  in 
Haiti  rather  than  average  cost  for  the  West  Indies  since  Haiti 
was  the  principal  competing  country.  Those  arguing  for  a 
reduction  in  duty  showed  that  they  sold  over  80  per  cent  of  the 
logwood  brought  in  from  Haiti  to  their  principal,  the  National 
Silk  Dyeing  Company,  of  Paterson,  and  to  a  domestic  manu- 
facturer. They  opposed  any  increase  in  duty  on  the  ground  that 
the  duty,  which  the  Treasury  Department  has  been  assessing 
on  the  United  States  value  instead  of  on  the  foreign  market  value, 
was  sufficient. 

On  November  14  the  National  Electrolytic  Company,  of 
Niagara  Falls,  N.  Y.,  and  the  North  American  Chemical  Com- 
pany, of  Bay  City,  Mich.,  appeared  for  an  increase  in  the  present 
duty  of  1.5  cents  a  pound  on  potassium  chlorate.  They  stated 
that  both  domestic  plants  have  been  entirely  closed  since  1922, 
one  closing  in  May  and  one  in  December,  and  that  imported 
potassium  chlorate  is  being  sold  in  New  York  at  less  than  the 
American  cost  of  production.  The  Diamond  Match  Company 
were  applicants  for  a  decrease  in  duty  to  1  cent  a  pound.  Mr. 
Fear,  representing  the  Federal  Match  Corporation,  also  appeared 
for  a  decrease  in  duty.  November  24  was  set  as  the  final  date 
for  tiling  brief  by  the  advocates  for  a  decrease.  Applicants  for 
an  increase  were  given  until  December  1  to  file  a  reply.  Those 
opposing  an  increase  testified  that  they  had  an  old  contract  with 
the  German  manufacturers  at  an  unusually  low  price  which  has 
some  time  to  nm  but  that  they  did  not  expect  to  be  able  to  renew 
at  the  same  favorable  prices. 

The  field  investigations  which  the  Chemical  Division  has  under 
way  including  linseed  oil,  phenol,  cresylic  acid,  and  phenolic  resins 
will  be  pretty  well  completed  by  the  end  of  the  month. 


Graduation  Exercises  of  Chemical  Warfare  School 

Graduation  exercises  of  the  recent  class  of  officers  undergoing 
instruction  at  the  Chemical  Warfare  School  were  held  Novem- 
ber 10,  192.3,  at  Edgewood  Arsenal.  The  course  completed  was 
one  of  the  Line  and  Staff  Officers'  courses  which  are  given  from 
time  to  time  throughout  the  year.  These  courses  are  intended 
primarily  for  officers  of  branches  of  the  Army  other  than  Chemi- 
cal Warfare  and  of  the  Navy  and  Marine  Corps,  and  are  designed 
to  furnish  these  officers  such  technical  instruction  in  chemistry  and 
physics  as  to  give  them  a  general  knowledge  of  the  characteristics 
and  uses  of  chemical  agents,  with  particular  reference  to  pro- 
tective and  defensive  measures  against  chemical  warfare. 

Brigadier  General  Amos  A.  Fries,  chief  of  Chemical  Warfare 
Service,  delivered  an  interesting  address  to  the  officers,  and  upon 
conclusion  of  the  exercises  presented  diplomas  to  the  following 
officers  who  successfully  completed  the  course: 

Majors:  John  A.  Baird,  Oscar  A.  Eastwold,  Charles  E.  T.  Lull,  and 
James  W.  Lyon;  Captains:  Thomas  J.  Johnston,  Charles  S.  Moyer,  Victor 
Parks,  Jr.,  and  George  F.  Unmacht;  First  Lieutenant  William  W.  Wise, 
Chemical  Warfare  Service.  First  Lieutenant  Giles  F.  Ewing,  Signal  Corps. 
Major  Walton  Goodwin,  Jr.,  Cavalry;  First  Lieutenants  Milton  A.  Hill 
and  Emil  Krause,  and  Second  Lieutenant  Henry  J.  Hunt,  Jr.,  Infantry; 
Lieutenants  Charles  F.  Fielding,  Ralph  G.  Moody,  Hubert  E.  Paddock, 
Charles  M.  Rockey,  William  D.  Sample,  Julian  B.  Timberlake,  Jr.,  and 
Andrew  M.  Parks;  Ensigns  Edmund  W.  Egbert  and  James  C.  Reisinger, 
Navy;  Lieutenants  Franklin  F.  Lane,  and  Edwards  M.  Riley,  Naval  Medical 
Corps;  and  First  Lieutenants  Herman  R.  Anderson  and  Blythe  G.  Jones, 
Marine  Corps. 

CoNCANNON  Returns  from  Europe 

C.  C.  Concannon,  chief  of  the  Chemical  Division  of  the  Biu-eau 
of  Foreign  and  Domestic  Commerce,  returned  to  Washington 
on  November  14  from  a  kaleidoscopic  trip  to  Europe,  where 
he  went  to  study  foreign  conditions  and  their  bearing  upon 
the  work  of  his  division.  Among  other  places  he  visited  Lou- 
don, Paris,  Berlin,  Brussels,  the  Hague,  Amsterdam,  Frank- 
furt-on-Main  and  Bemberg,  conferring  in  each  city  with  the 
commercial  attaches  and  their  assistants  in  an  endeavor  to  give 
them  a  clearer  understanding  of  the  work  of  his  division  and 
what  it  is  striving  to  accomplish.  He  hopes  that  by  carrying 
to  them  in  this  way  a  picture  of  just  what  the  chemical  industry 
in  America  is  doing,  they  wiU  be  better  able  to  meet  their  own 
problems  and  to  secure  for  transmission  to  the  Department  in 
Washington  chemical  information  which  is  analogous  to  that 
printed  for  the  United  States  and  which  will  meet  the  demands 
and  needs  of  the  American  industry.  He  conferred  with  many 
prominent  officials  in  Europe,  among  them  Sir  William  Alex- 
ander, of  London,  and  spent  much  time  with  Chemical  Trade 
Commissioner  Breithut.  As  a  result  of  numerous  conferences 
with  Commissioner  Breithut,  arrangements  have  been  made 
for  the  latter  to  begin  at  once  the  preparation  of  a  report  on  the 
French  coal-tar  chemical  industry.  As  soon  as  this  is  completed 
he  will  proceed  to  Brussels  and  secure  the  necessary  data  to 
prepare  a  similar  report  on  the  Belgian  industry.  He  will  then 
go  to  London,  Rome,  Warsaw,  and  Prague,  spending  sufficient 
time  in  each  city  to  secure  information  for  the  preparation  of 
reports  on  the  coal-tar  chemical  industry  of  their  respective 
countries.  These  reports  will  be  published  promptly  and 
will  doubtless  take  the  form  of  Trade  Information  Bulletins. 

While  in  Germany,  Mr.  Concannon  visited  the  potash  mines 
just  outside  of  Bernberg,  and  was  to  have  visited  the  Hoechst' 
works,  but  conditions  at  the  time  were  not  propitious  for  sight- 
seeing. 

Census  of  Lime  Manufacturers 

The  Bureau  of  the  Census  will  take  a  census  of  lime  manu- 
factiners  covering  the  calendar  year  of  1923.  Schedules,  pre- 
pared after  conference  with  associations  and  others  interested 
in  the  various  industries,  will  be  mailed  during  the  first  week  in 
January,  and  the  members  of  the  National  Lime  Association 
and  all  others  engaged  in  the  industry  are  urged  to  make  their 
reports  promptly.  The  Bureau  of  the  Census,  in  turn,  stands 
ready  to  tabulate  the  data  as  rapidly  as  the  schedules  are  re- 
ceived and  to  publish  the  tables  within  a  few  days  after  the  re- 
ceipt of  the  last  report. 
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Report  on  Tanning  Materials 

The  chestnut  blight  has  been  extending  its  ravages  for  years, 
and  since  the  chestnut  tree,  which  is  grown  only  in  the  eastern 
part  of  the  United  States,  affords  the  most  considerable  source 
of  tanning  materials  in  this  country,  the  tanning  industry  has 
become  aroused  to  the  necessity  of  eradicating  this  pest.  At 
the  request  of  the  Tanners'  Council,  the  Department  of  Com- 
merce started  an  investigation  to  determine  what  steps  should  be 
taken  to  insure  a  reasonable  domestic  supply  of  tanning  materials 
in  the  futiu'e.  The  Tanners'  Council  appointed  an  advisory 
committee  composed  of  the  leading  experts  of  the  country  to 
cooperate  with  the  department  in  this  work.  The  report,  pre- 
pared as  a  result  of  these  investigations,  will  probably  be  ready 
for  distribution  about  the  time  This  Journal  issues.  This 
report  describes  the  available  domestic  resources  and  gives 
domestic  production  statistics,  as  well  as  consumption  statistics 
for  domestic  and  foreign  tanning  materials  during  the  year  1922. 
The  figures  were  compiled  from  data  secured  in  response  to 
questionnaires  sent  out  to  the  industry.  Production  and  con- 
sumption statistics  have  been  reduced  to  bark  tonnage  so  that 
their  relative  significance  to  the  tanner  and  the  extract  producer 
may  be  seen  at  a  glance. 

Definite  recommendations  are  made  as  to  the  course  to  be 
pursued  in  order  to  assure  an  adequate  supply  of  domestic  raw 
materials  for  the  future.  The  situation  is  regarded  as  so  serious 
that  cooperation  from  every  branch  of  the  industry  is  deemed 
absolutely  essential.  If  the  industries  do  not  cooperate  and 
present  a  united  front,  it  is  feared  that  in  the  event  of  another 


international  war  a  serious  degree  of  paralysis  of  thfe  tanning 
industry  would  follow  which  would  make  its  impress  upon  every 
American  citizen. 

Salinity  of  Sea  Water 

The  Bureau  of  Standards  has  developed  an  apparatus  and 
procedure  by  means  of  which  the  salinity  of  sea  water  may  be 
determined  readily  on  board  ship.  This  work  was  undertaken 
at  the  request  of  the  Committee  on  Instruments,  Apparatus,  and 
Measurements  of  the  Interdepartmental  Board  on  International 
Service  of  Ice  Observation,  Ice  Patrol,  and  Ocean  Derelict 
Destination,  and  the  apparatus  is  for  use  on  one  of  the  coast 
guard  cutters  when  on  ice  patrol  duty. 

The  proportion  of  salts  in  sea  water  varies  with  time  and 
location  as  a  result  of  evaporation  from  the  surface  and  dilution 
with  fresh  water.  Increase  or  decrease  of  the  salt  content  makes 
a  corresponding  change  in  the  electrical  conductivity,  but  the 
indications  are  made  to  show  directly  the  corresponding  amount 
of  salts  present  in  the  water. 

This  procedure  is  much  quicker  and  more  convenient  than  the 
usual  chemical  titration  method.  It  is  intended  to  enable  the 
scientific  observer  on  the  ice  patrol  work  to  determine  the  salinity 
of  samples  of  sea  water  as  taken  or  whenever  he  may  desire, 
rather  than  only  at  the  end  of  the  season.  Thus  the  data  can 
be  made  immediately  available  in  case  it  should  be  found  that 
a  knowledge  of  the  salinity  may  help  in  detecting  changes  in 
conditions  such  as  shifts  of  currents,  the  approach  of  ice  floes 
or  bergs,  or  other  changes  affecting  navigation. 

November  17,  1923 


The  Nobel  Prize 


^  I  ''HE  award  of  the  Nobel  Prize  has  come 
to  indicate  marked  scientific  progress 
in  the  country  so  fortunate  as  to  have 
among  its  workers  those  who  qualify  for 
this  signal  honor.  In  the  yearly  award  of 
these  famous  prizes  Americans  have  fared 
better  in  science  than  in  literature,  and  this 
year  two  of  the  prizes  have  come  to  this 
continent. 

To  Dr.  Frederick  G.  Banting  and  Dr.  J, 
J.  R.  McLeod  the  Nobel  Prize  in  medicine 
has  been  awarded  for  the  discovery  of  in- 
sulin of  which  we  have  read  so  much  during 
the  past  year.  Working  quietly  at  the 
University  of  Toronto  with  the  assistance  of 
fellow  workers  with  whom  the  prize  has  beL-n 
generously  shared,  little  was  known  of  tht 
work   until  experimental  stages  had   been  § 

practically  passed  and  the  hundreds  of 
thousands  of  diabetic  sufferers  could  be  told 
that  at  last  a  promising  treatment  for  their 
relief  had  been  devised  through  scientific  research. 

Dr.  Banting  had  already  been  signally  honored  by  his  Govern- 
ment, which  granted  a  substantial  annuity  for  life,  and  had  shown 
his  earnest  purpose  by  remarking  that  the  greatest  assistance  he 
could  have  now  was  to  be  left  alone  to  continue  his  scientific 
research.  A  Banting  Research  Fund  has  been  founded  to  which 
$10,000  of  the  prize  has  been  contributed  toward  a  $1,000,000 
fund,  the  income  of  which  will  forward  the  work  of  medical 
research  and  scientific  study.  Dr.  Banting  has  refused  all  com- 
pensation for  insulin,  which  is  being  made  at  low  cost  under 
license  by  a  pharmaceutical  house  in  Indianapolis.  It  is  esti- 
mated that  nearly  thirty  thousand  diabetic  patients  are  now  under 
the  insulin  treatment  and  no  failures  have  been  reported. 

The  Nobel  Prize  for  physics  has  been  awarded  to  Robert 
Andrews  Millikan,  of  Pasadena,  Calif.,  the  first  scientist  to 
isolate  and  measure  the  electron.  Dr.  Millikan  is  the  director 
of  the  Norman  Bridge  Laboratory  of  Physics  at  Pasadena  and 
chairman  of  the  Administrative  Council  of  the  California  In- 
stitute of  Technology.     He  was  formerly  at  the  University  of 
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Chicago  and  for  years  has  been  identified 
with  the  progress  of  physics  in  the  United 
States.  He  has  played  a  large  part  in  the 
formation  and  founding  of  the  National 
Research  Council,  was  most  active  during 
the  war,  and  has  received  honorary  degrees 
from  a  number  of  American  ajid  foreign 
universities. 

While  he  was  at  the  University  of  Chi- 
cago in  1910,  Dr.  Millikan  carried  out  his 
"oil  drop"  experiments,  which  enabled  him 
to  isolate  an  individual  ion  and  to  obtain 
proof  of  the  kinetic  theory.  As  a  result  of 
these  experiments,  he  said  that  he  had 
been  able  to  give  tangible  demonstration 
that  an  electric  charge  was  not  a  homoge- 
neous something  but  that  it  had  a  definite 
granular  structure. 

Subsequently  Dr.  Millikan  advanced  the 
theory  that  radio-activity  was  not  confined 
to  the  radium  series  alone,  but  was  the 
general  property  of  all  matter,  although  possessed  to  a  less 
degree  by  some  substances.  In  vSepteraber  of  this  year  he  es- 
tablished a  residence  on  Pike's  Peak  to  investigate  the  source  of 
penetrating  radiation  which  has  puzzled  scientists  for  years. 
Previously  he  had  experimented  with  kites  which  he  sent  up  with 
machines  that  measured  rays  said  to  be  more  powerful  than  X- 
rays  or  the  gamma  rays  of  radium.  These  rays  apparently  came 
from  space,  but  not  from  the  sun,  as  they  could  be  measured  at 
night  as  well  as  by  day. 

In  May  last.  Dr.  Millikan  prepared  a  declaration,  signed  by 
United  States  Cabinet  officials  and  leaders  in  the  political, 
business,  scientific,  and  reUgious  worlds,  that  there  is  no  antag- 
onism between  science  and  religion. 

In  1907,  the  Nobel  Prize  in  physics  was  awarded  to  A.  A. 
Michelson,  of  Chicago,  the  prize  for  medicine  to  Dr.  Carrel  in 
1912,  and  in  chemistry  to  T.  W.  Richards  of  Harvard,  in  1914. 

Such  recognition  honors  not  only  the  recipient,  but  the  nation 
where  he  has  found  a  congenial  home  for  his  laboratory. 
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TOKYO  LETTER 


By  K.  Kashima,  992  Ikebukuro, 


Tokyo,  Japa 


The  Earthquake  and  Chemical  Factories 

First  of  all,  we  are  eager  to  express  our  sincere  thanks  for  the 
sympathy  and  help  given  by  Americans  in  our  recent  catastrophe, 
among  whom  we  can  safely  reckon  were  many  chemists  and 
members  of  the  Society. 

At  noon  of  the  first  of  September  a  severe  earthquake  occurred, 
by  which  Tokyo,  Yokohama,  and  other  cities  and  villages  near 
Tokyo  were  largely  destroyed.  Fire  broke  out  in  many  places. 
The  commercial  and  industrial  districts  to  Tokyo  and  almost  the 
whole  of  Yokohama  were  destroyed  by  fire.  In  the  Honjyo  and 
Fukagawa  Districts  many  chemical  factories  were  almost  com- 
pletely destroyed.  There  were  about  1100  factories  in  the  two 
districts,  employing  about  70,000  people.  In  the  Fukagawa 
District  was  located  the  Asano  Cement  Company,  whose  products 
are  well  known  among  the  cement  users.  The  remaining  fac- 
tories are  situated  in  the  suburbs  of  the  city,  where  the  damages 
were  not  comparatively  large.  The  total  number  of  factories  in 
the  Tokyo  Prefecture  was  about  25,125,  employing  152,906  male 
and  72,391  female  workers;  10,913  factories  were  destroyed  and 
78,207  people  lost  their  positions.  The  total  damage  of  the 
factories  is  estimated  to  be  about  30  to  40  per  cent.  According 
to  the  investigation  of  the  Agricultural  and  Commercial  Depart- 
ment, the  important  factories  situated  outside  the  burned  districts 
can  begin  work  after  two  to  si.\  months.  However,  the  recovery 
of  these  factories  is  not  easy;  they  must  build  new  buildings 
and  gather  workmen,  machines,  and  raw  materials.  As  far  as 
they  have  money,  factories,  machines,  and  raw  materials  will  be 
obtained,  but  the  expert  workmen  cannot  be  obtained  with 
money.  The  Government  intends  to  lend  money  for  recovering 
these  totally  or  partly  destroyed  factories  at  low  interest  through 
the  Industrial  Bank  of  Japan  or  the  Agricultural  and  Industrial 
Banks.  There  were  many  male  and  female  subworkers  who  were 
making  important  contributions  to  general  industry.  For  exam- 
ple, the  labeling  of  match  boxes  was  conducted  by  these  sub- 
workers.  The  catastrophe  has  killed  many  of  these  workers  and 
scattered  the  others  into  the  country.  This  will  greatly  hinder 
the  recovery  of  many  of  the  factories. 

Raw  and  finished  cast-iron  materials  needed  in  Tokyo  factories 
have  been  supplied  from  about  two  hundred  factories  in  Kawa- 
guchi-machi,  near  Tokyo.  About  50  per  cent  of  these  were 
affected  by  the  disaster  and  their  recovery  is  now  vmder  con- 
sideration in  the  Agricultural  and  Commercial  Department. 

The  special  committee  of  the  Government  is  now  planning  the 
erection  of  "New  Tokyo."  As  soon  as  the  plans  are  completed 
new  factories  will  be  built  and  the  sky  of  the  Honjyo  and  Fuka- 
gawa Districts  will  be  blackened  with  the  smoke  from  the  fac- 
tories' chimneys,  as  these  districts  will  continue  to  be  factory 
districts. 

The  chief  damage  sustained  from  the  calamity  viewed  from  the 
standpoint  of  capitalists  is  the  loss  of  raw  materials  and  finished 
products.  This  loss  will  be  replaced  by  money.  It  is  not  the 
case  from  the  standpoint  of  workers.  They  are  now  stripped  of 
everything:  they  cannot  work  at  their  trades  for  they  have  no 
factories.  They  are  forced  to  seek  work  of  whatever  kind 
there  is  to  be  found. 

Alcohol  Industry  in  Hokkaido 

The  writer  has  had  a  chance  to  journey  through  Hokkaido 
visiting  alcohol,  beer,  and  beet  sugar  factories  on  the  island.  The 
development  of  civilization  on  the  island  is  due  to  contributions 
of  Americans.  Travelers  perceive  American  influences  in  all 
parts  of  the  island.  There  are  now  five  alcohol  factories — one 
at  Hakodate,  one  at  Kutchan,  and  the  other  three  near  Asahi- 
gawa.  Potatoes  are  cultivated  in  these  districts  and  they  are 
exported  after  being  changed  into  starch.  The  potato  residue 
(usually  called  starch  residue  and  containing  about  40  per  cent 
starch),  from  which  starch  has  been  removed,  is  mainly  used  as 
raw  material  for  fermentation,  accompanied  by  com  and  oats, 
etc.  Alcohol  factories  are  therefore  situated  in  these  districts. 
The  fermentation  process  is  the  usual  one  and  the  factories  are 
equipped  with  one  or  two  stills.  Almost  all  the  distilled  94 
per  cent  alcohol  is  diluted  with  water  and  sold  as  "Shochii" 
(ardent  spirits),  a  kind  of  Japanese  sake  containing  about  40 
per  cent  alcohol  and  consumed  on  this  island  and  the  Kabafuto 
island.  The  annual  production  of  94  per  cent  alcohol  is  as 
foUows  (unit  koku):  100,000  in  Honshu,   15,000  in  Hokkaido, 


100,000  in  Taiwan,  10,000  in  Chosen— total,  225,000  koku. 
The  annual  production  of  potatoes  in  Hokkaido  is  about  151,- 
733,000  kan,  in  which  61,020,000  kan  are  used  for  manufacturing 
starch. 

Soda   Industry 

It  may  be  safely  said  that  the  foundation  of  chemical  industry 
is  a  large  inorganic  chemical  industry — that  is,  of  acids  and 
alkalies.  The  present  state  of  the  soda  business  in  this  country 
is  not  prosperous.  The  Society  of  Chemical  Industry  has  pub- 
lished a  statement  on  the  soda  industrj^  in  this  country,  which 
contains  the  following  items  and  their  explanations:  In  general, 
a  sufficient  supply  of  sodium  chloride  and  a  low  price  for  caustic 
soda  and  soda  ash  industries  are  claimed.  In  the  soda  ash 
business  this  is  due  to  the  prevention  of  sales  of  soda  ash  manu- 
factured in  foreign  countries  by  the  unreasonably  low  price,  the 
tariff  reform  for  the  chemical,  and  the  delivery  of  a  subsidy  for 
the  large  production  in  the  caustic  soda  business,  to  the  preven- 
tion of  importation  of  foreign  soda  in  excess  amounts  and  the 
promotion  of  the  research  for  the  utilization  of  chlorine. 

Some  supplementary  explanations  on  the  industry  in  this 
country  may  be  interesting.  Before  the  war  we  had  only  two 
soda  ash  factories.  The  Le  Blanc  method  was  used  and  the  pro- 
duction was  about  2000  tons  per  year,  while  the  annual  consump- 
tion of  the  soda  ash  was  about  30,000  to  35,000  tons.  More 
than  95  per  cent  of  the  demand  was  therefore  filled  by  foreign 
products,  the  price  being  about  2.10  to  2.50  yen  per  100  pounds. 
Then  the  war  broke  out  and  the  price  was  raised  to  an  unreason- 
able one  (maximum  17.85  yen  per  100  poimds  in  December  of 
1916),  and  American  products  took  the  place  of  the  EngHsh. 

The  investigation  committee  of  the  chemical  industry  decided 
to  build  a  factory  to  manufacture  soda  ash  by  the  ammonia  soda 
process  on  a  scale  of  10  tons  per  day  capacity.  But  this  decision 
was  not  adopted  by  the  Government.  The  Asahi  Glass  Company 
has  therefore  built  an  experimental  factory  at  Tobata-machi, 
Fukuoka  Prefecture,  and  the  work  was  begim  in  January,  1917, 
and  was  extended  to  30  tons  per  day  production  in  1922.  The 
Japan  Soda  Industrial  Company  has  built  a  factory  in  Tokuyama- 
machi,  Yamaguchi  Prefecture,  and  also  the  Taiwan  Fertilizer 
Company  at  Takao,  in  Taiwan.  The  cost  of  production  per 
100  pounds  is  calculated  to  be  4.79  yen,  but  this  will  be  decreased 
to  3.055-2.531  yen.  After  the  armistice  these  factories  were 
affected  by  the  bad  financial  conditions.  Moreover,  at  the  end 
of  1921  African  natural  soda  was  imported  and  the  price  per  100 
poimds  lowered  to  2.70-3.00  yen.  The  factories  were  therefore 
compelled  to  shut  their  doors  or  to  decrease  their  production. 

Caustic  soda  also  was  manufactured  by  only  two  factories 
before  the  war,  the  Le  Blanc  method  being  used.  The  annual 
consumption  of  caustic  soda  before  the  war  was  about  15,000 
tons,  of  which  about  4000  tons  were  domestic  productions,  while 
the  remainder  was  supplied  from  abroad,  especially  from  Eng- 
land. After  the  war,  seventeen  factories  manufactured  caustic 
soda  by  electrolytic  method  and  eight  factories  by  the  Le  Blanc 
method,  the  total  annual  production  being  about  l0,000  tons  and 
the  consumption  about  25,000  tons.  The  remainder  was 
imported  mainly  from  the  United  States.  After  the  armistice  the 
price  was  decreased  to  an  unreasonable  one  and  the  caustization 
of  soda  ash  was  carried  on  as  the  African  soda  ash  was  imported 
at  a  low  price.  Furthermore,  when  the  castic  soda  was  manu- 
factured by  the  electrolytic  method,  bleaching  powder  was 
produced  as  the  main  by-product.  These  factories  are  con- 
tinuing their  manufacture  on  the  income  from  the  by-product. 
But  now  the  production  of  bleaching  powder  is  over,  and  another 
solution  must  be  sought. 

Dyestuff  Industry 

Like  other  chemical  industries,  the  dyestuff  industry  in  this 
coimtry  has  made  rapid  progress  since  the  war.  At  the  end  of 
1918  the  number  of  dyestuff  factories  reached  97,  the  total  capital 
was  18,642,000  yen  (in  which  the  paid-up  capital  was  13,844,000 
yen)  and  the  production  in  that  year  was  5,560,000  kin  of  sul- 
fide dyes,  1,160,000  kin  of  ahzarin  dyes,  and  480,000  kin  of  other 
synthetic  dyes,  but  since  1920  the  industry  was  affected  by  the 
bad  financial  conditions. 

The  Nippon  Semyo  Kaisha  (Japan  Dyestuff  Company), 
in  Osaka,  was  estabhshed  in  1915  under  the  protection  of  the 
Govenmient  and  about  10,000,000  yen  have  been  delivered  to  the 
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company  from  the  Government.  This  company  is  the  largest 
and  representative  of  the  industry  in  this  country.  With  the  aid 
of  this  money  the  manufacturing  processes  of  tlie  following  sub- 
stances have  been  completed:  158  kinds  of  aniline  dyes,  148 
kinds  of  intermediates,  and  14  assistant  reagents,  medicine,  etc.; 
of  which  45  ar.iline  dyes,  59  intermediates,  and  21  assistants. 


etc.,  have  been  placed  on  the  market.  The  annual  manufactur- 
ing capacity  is  2,200,000  kin  of  aniline  dyes  including  aniline 
salt,  while  the  annual  consumption  of  aniline  dyes  in  this  country 
is  about  4,700,000  kin. 

October  10,  1923 


CANADIAN  LETTER 


By  S.  J.  Cook,  140  Broadway  Ave.,  Ottawa,  Canada 


New  Carbon^Black  Regulations 

Regulations  have  recently  been  established  by  Order-in-Council 
permitting  the  use  of  natural  gas  for  the  manufacture  of  carbon 
black  in  localities  where  there  is  no  immediate  or  reasonably 
prospective  market  for  the  gas  for  domestic  or  industrial  piu'- 
poses. 

If  the  gas  contains  gasoline  in  commercial  quantities,  the  gas- 
oline must  be  extracted  and  saved  before  the  gas  is  burned  to 
carbon  black. 

If,  at  some  future  time,  after  the  factory  for  the  manufacture 
of  carbon  black  has  been  established  and  is  in  operation,  any 
community  or  company  holding  a  franchise  to  supply  natural 
gas  to  any  center  of  population  constructs  a  pipe  line  to  the  wells 
supplying  the  carbon  black  plant,  such  holder  of  the  franchise 
shall  be  entitled  to  purchase  the  amount  of  gas  necessary  to 
supply  the  center  of  population  up  to  the  capacity  of  the  wells, 
and  the  carbon  black  plant  will  be  allowed  to  bum  only  the  sur- 
plus gas  for  the  manufacture  of  carbon  black. 

Chemists  in  Canada 

It  is  estimated  that  approximately  six  hundred  persons  in 
Canada  are  practicing  the  profession  of  chemistry  in  one  way  or 
another,  and  recently  the  Canadian  Institute  of  Chemistry  has 
undertaken  to  list  the  names  and  addresses  of  these  chemists  and 
to  record  the  class  of  chemical  work  followed  by  each.  The  in- 
formation obtained  will  be  indexed,  and  it  is  expected  that  much 
light  will  be  shed  on  the  progress  of  those  industries  in  which  the 
application  of  chemical  principles  has  been  recognized  as  having 
commercial  value. 

Disintegration  of  Concrete  by  Alkali 

The  action  of  alkali  water  on  cement  and  concrete  in  the 
prairie  provinces  is  the  subject  of  a  progress  report  received  by 
the  Research  Council  of  Canada.  A  committee  formed  under 
the  auspices  of  the  Engineering  Institute  of  Canada  has  been 
working  on  the  problem  for  the  past  two  years,  and  the  test 
blocks  of  concrete  have  been  deposited  in  affected  areas  in  Mani- 
toba, Saskatchewan,  and  Alberta.  It  will  be  necessary  to  allow 
time  for  these  blocks  to  disintegrate  in  order  to  explore  many 
phases  of  a  question  of  exceeding  importance  for  the  West. 

In  the  past  engineers  have  held  that  where  failures  occurred 
they  were  due  to  defective  or  improperly  handled  cement.  The 
generally  accepted  opinion  at  present,  however,  is  that  the  dis- 
integration is  due  to  chemical  action,  causing  a  softening  of  the 
cement.  Physical  disruption  is  believed  to  be  caused  by  crystal- 
lization in  the  pores  of  the  concrete  of  salts  of  sodium  magnesium 
or  calcium,  the  sulfates  of  which  are  present  in  alkali  ground 
waters. 

This  disintegration  has  become  a  serious  menace  to  concrete 
structures,  such  as  building  foundations,  water  pipes  and  sewers, 
bridge  piers,  and  culverts.  In  the  western  provinces  the  loss 
has  been  estimated  at  millions  of  dollars  annually.  While  such 
structures  last  many  years  in  eastern  Canada,  in  the  West  where 
they  come  in  contact  with  alkali  water  they  depreciate  compara- 
tively rapidly  and  have  to  be  replaced. 

The  problem  is  not  confined  to  the  West,  for  sea  water,  which 
contains  these  salts,  is  held  to  be  responsible  for  the  failures  of 
concrete  docks  and  other  waterfront  structures  which  have  been 
recorded  from  time  to  time.  It  is  the  work  of  the  committee, 
therefore,  to  decide  whether  the  composition  of  concrete  can  be 
modified  so  as  to  resist  the  damage,  or  whether  different  building 
materials  will  have  to  be  sought. 

Provincial  authorities  in  Saskatchewan  and  Alberta,  the  city 
of  Winnipeg,  and  commercial  concerns  are  taking  an  active 
interest  in  the  work  of  the  committee,  which  is  under  the  chair- 
manship of  C.  J.  Mackenzie,  dean  of  the  College  of  Engineering, 
University  of  Saskatchewan. 


Improvement  in  Electrolytic  Silver  Refining 

The  Deputy  Master  of  the  Royal  Mint  at  Ottawa  has  recently 
made  public  the  particulars  of  an  electrolytic  process  devised 
by  him  for  the  rapid  recovery  of  fine  silver  from  anodes  contain- 
ing 10  to  16  per  cent  of  base  metals.  A  rotating  cathode  makes 
possible  the  use  of  higher  current  densities,  so  that,  while  the 
amount  of  liquid  in  the  cell  is  less  than  was  formerly  employed, 
the  output  is  considerably  greater  and  the  efficiencies  obtained 
average  about  78  per  cent  as  against  38  per  cent  in  previous 
practice. 

The  new  cells  are  circular,  36  inches  in  diameter,  and  the 
cathodes  rotate  at  a  peripheral  speed  of  40  feet  per  minute.  The 
current  density  may  be  from  75  to  150  amperes  per  square  foot 
without  unduly  increasing  the  temperature  of  the  electrolyte,  or 
fouling  it,  or  increasing  the  resistance  of  the  cell  abnormally. 
The  resistance  of  the  cells  does  not  exceed  1.2  volts  at  75  amperes, 
or  2.5  volts  at  150  amperes,  per  square  foot  of  cathode  area.  The 
highest  temperature  of  the  electrolyte  at  75  amperes  is  30°  C, 
and  40°  C.  at  150  amperes,  when  running  24  hours  per  day. 

The  electrolyte  is  contained  in  the  annular  space  between  the 
outer  and  inner  walls  of  the  cells.  This  space  is  8  inches  wide 
and  18  inches  deep.  The  rotation  of  the  cathode  keeps  the  elec- 
trolyte well  mixed,  and  prevents  any  tendency  to  stratification. 

Below  are  given  some  comparisons  between  the  old  cell  and 
the  new  type  of  cell: 

Old  Cell  New  Cell 

Amount  of  electrolyte  in 

cell 71  imperial  gallons  52  imperial  gallons 

Weight  of  cathodes  in  use  2S5  ounces  (renewable  311      ounces      (perma- 
every  3  weeks)  nent;  no  renewals  re- 

quired) 

Anodes   in    use 5104  ounces  2310  ounces 

Current  consumption  .  .      1.2  volts,  350  amperes  1.2  volts,  400  amperes 
Current  density  per 

square  foot  of  cathode     13  amperes  75  amperes 

Efficiency 3S  per  cent  78  per  cent 

Labor  required Stripping  cathodes  twice 

daily  No  stripping  required 
Condition  of  electrolyte      Continually  gaining  in 

strength  Constant 

Agitation  of  electrolyte        By  mechanically  driven  By  rotation  of  cathode 

stirrers  (not  thorough)         (thorough) 
Output  of  silver  per  cell 

per  hour 17.30  ounces  40.30  ounces 

Sugar  Beet  Industry  for  Manitoba 

Experiments  in  the  growing  of  sugar  beets  in  Manitoba  this 
year  have  so  far  proved  satisfactory  and  strengthen  the  belief 
that  the  American  company  which  is  behind  them  will  next  year 
go  ahead  with  its  plans  for  planting  from  10,000  to  12,000  acres 
of  sugar  beets  and  establishing  a  plant  for  the  manufacture  of 
beet  sugar  in  Winnipeg. 

Big  Pulp  Mill  to  Use  Straw 

Erection  of  one  pulp  mill  in  the  vicinity  of  Winnipeg  in  the 
near  future,  with  the  prospect  of  several  others  should  the  first 
prove  a  success,  was  the  hope  expressed  by  M.  DoUfus,  London, 
managing  director  of  the  De  Vains  Pulp  Company,  who,  with 
Sir  Frederick  Becker,  chairman  of  the  company,  recently  visited 
in  Winnipeg. 

The  plant  will  be  operated  under  a  new  system  of  pulp  pro- 
duction in  which  straw  is  the  chief  constituent,  Winnipeg  having 
been  considered  an  excellent  location  for  such  an  industry  in  view 
of  the  large  quantities  available  from  the  prairies.  Any  straw 
except  that  of  rye  can  be  used,  it  was  stated.  Previous  processes 
had  cooked  the  fiber  to  a  jelly  and  made  it  of  little  use  in  paper 
manufacture.  By  the  De  Vains  plan  the  fiber  is  kept  in  good 
condition  throughout  and  pulp  produced  by  it  is  slightly  cheaper 
than  that  made  from  wood. 

The  visitors  represented  a  group  of  amalgamated  companies, 
operating  in  different  European  countries  and  in  Java,  where  a 
large  mill  is  in  operation. 

October  24,  1923 
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PARIS  LETTER 


By  Charles  Lormand,  4  Avenue  de  I'Observatoire.  Paris,  France 


Congress  of  Industrial  Chemistry 

The  Third  Congress  of  Industrial  Chemistry  has  just  closed. 
Among  the  foreign  delegates  who  assisted  at  this  Congress  we 
have  the  pleasure  of  mentioning  C.  H.  Herty,  W.  A.  Noyes, 
F.  E.  Breithut,  and  E.  S.  Chapin,  delegates  from  the  American 
Chemical  Society. 

The  business  sessions  of  the  Congress,  presided  over  by  several 
members  of  the  French  Government,  were  devoted  to  three  gen- 
eral conferences. 

In  the  first.  jVI.  Menozzi,  director  of  the  Royal  High  School  of 
Agriculture  of  Milan,  gave  the  history  of  the  methods  employed 
in  the  analysis  of  the  soil,  and  showed  especially  the  conditions 
under  which  the  elements  composing  the  vegetables  (phosphoric 
acid,  potash,  nitrogen,  etc.)  should  be  dissolved  before  being 
assimilated  by  the  plant.  He  told  of  successful  work  in  Germany 
which  permitted  determining  minimum  quantities  of  phosphoric 
acid,  nitrogen,  potash,  and  calcium  which  would  permit  the 
cultivation  of  the  sugar  beet.  The  different  questions  concern- 
ing the  reaction  of  the  soil  and  the  small  quantities  of  toxic 
substances  for  the  plants  were  explained  by  the  lecturer,  who 
concluded  in  saying  that  the  analysis  of  the  soil  should  be  made 
before  undertaking  its  cultivation  and  that  the  results  obtained 
would  permit  the  choosing  of  fertilizer  or  necessarj'  amendments. 

In  the  second  conference  M.  Lindet  described  the  progress 
made  in  France  on  the  reconstruction  of  sugar  works  and  distil- 
leries destroyed  during  the  war.  In  1924  France  possessed  210 
active  sugar  factories,  producing  a  total  of  785,550  tons  of  sugar. 
This  figure  is  clearly  a  decrease  from  the  figures  of  1900-1902 
when  the  production  reached  1,160,110  tons. 

The  production  of  sugar  in  Germany,  which  in  1902  was  about 
2,139,960  tons,  in  19U  was  about  2,715,270  tons.  In  Austria 
the  production,  which  was  1,187,200  tons  in  1902,  reached 
1,692,000  tons  in  1914. 

The  consumption  of  sugar  in  France  in  1902  was  around  453,000 
tons,  and  reached  710,000  tons  in  1914.  It  can  be  seen  that  at 
this  period  the  production  was  practically  equal  to  the  consump- 
tion. During  the  war  148  of  our  factories,  about .  two-thirds, 
were  destroyed.  The  production  in  1918  was  only  110,000  tons. 
It  is  seen  that  in  reality  the  regions  of  the  cultivation  of  the  sugar 
beet  are  the  regions  of  the  North,  the  Aisne  and  of  Pas-de-Calais, 
all  regions  which  were  invaded.  During  the  same  time,  Germany 
and  Austria  kept  their  total  production  of  sugar,  and  the  pro- 
duction of  cane  sugar  increased  fourfold,  since  the  world  produc- 
tion of  cane  sugar,  which  w'as  three  millions  of  tons  in  1899, 
increased  to  twelve  millions  of  tons  in  1920.  The  148  factories 
which  were  destroyed  were  not  all  rebuilt.  One  hundred  and 
ten  were  restored  as  before.  The  others  were  united  in  groups 
of  two,  three,  and  even  more.  They  commenced  to  operate  in 
1921.  The  total  production,  which  was  110,000  tons  in  1918, 
increased  regularly  from  this  time.  It  reached  445,000  tons 
last  year  and  it  is  hoped  that  it  will  reach  480,000  tons  this 
year.  This  figure  is  still  far  from  the  700,000  tons  of  annual 
consumption.  Efforts  have  been  made  to  develop  the  cultiva- 
tion of  the  sugar  beet  in  other  regions  than  the  north  of 
France. 

In  the  matter  of  distilleries,  of  which  there  were  300  in  France, 
150  have  been  destroyed.  The  reconstruction  of  these  distil- 
leries is  more  slow,  delaj's  being  necessary  for  the  study  of  and 
adjusting  problems  concerning  the  national  fuel  and  industrial 
alcohol. 

As  for  the  breweries,  out  of  2570,  1767  were  destroyed.  Most 
of  these  have  been  rebuilt,  but  it  is  probable  that  these  cannot 
be  wholly  reconstructed  for  the  consumption  of  beer  in  France 
has  fallen  with  the  gain  in  that  of  wine. 

In  the  last  conference  Sir  John  Russell,  director  of  the  labora- 
tories of  Rothamsted,  described  the  influence  of  microorganisms 
on  the  fertility  of  the  soil.  Sir  John  Russell  explained  in  an 
authoritative  manner  the  formation  of  the  humus  through 
mechanical  and  chemical  disintegration  of  the  residue  of  vegeta- 
tion. He  has  studied  the  destruction  of  phenol  compounds  by 
bacteria,  the  refuse  from  the  dead  plant,  and  which  were  toxic 
for  the  young  plant,  as  well  as  the  relation  existing  between  the 
bacterial  composition  of  the  soil  and  its  content  of  carbohydrates 
and  nitrogen  compounds  in  the  organic  or  mineral  form. 

The  speaker  explained  the  methods  used  at  Rothamsted  for 
studying  microorganisms:  (1)  separation,  enumeration,  accord- 


ing to  the  methods  usually  employed  in  bacteriology;  (2)  physio- 
logical grouping;  (3)  statistical  method.  With  this  last  method 
for  366  consecutive  days  a  lot  of  earth  fertilized  with  farm  ma- 
nure was  studied.  The  number  of  bacteria  varied  continually 
with  no  relation  between  these  variations  and  those  of  the  at- 
mosphere (temperature,  humidity,  etc.).  Nevertheless,  it  was 
noticed  that  the  number  of  bacteria  was  greater  in  the  spring 
and  in  the  autumn  than  in  summer  and  winter.  The  protozoa 
varied  the  same  as  the  bacteria,  but  there  was  always  an  inverse 
ratio  between  the  number  of  protozoa  and  those  of  bacteria — that 
is,  a  high  number  of  protozoa  corresponded  with  a  weak  number 
of  bacteria,  and  vice  versa.  The  inoculation  of  the  protozoa 
in  the  sterile  soil  confirmed  these  facts.  It  is  now  shown  that 
the  number  of  protozoa  regulates  the  number  of  bacteria. 

In  a  parallel  study  of  the  variations  of  nitrates  in  the  soil, 
it  is  established  that  these  variations  are  independent  of  the 
atmospheric  conditions  or  of  the  vegetation,  but  that  it  is  possi- 
ble to  unite  the.se  two  phenomena — that  is,  to  regulate  the  pro- 
duction of  nitrates  by  the  fixation  of  the  nitrogen  of  the  air 
through  the  bacteria  in  increasing  the  number  of  bacteria.  This 
can  be  realized  with  partial  sterilization.  This  sterilization 
can  be  effected  with  different  bodies,  as  I  have  pointed  out  in 
previous  letters.  M.  Truffaut,  in  France,  uses  calcium  sulfate 
with  success.  The  results  obtained  are  already  in  the  power 
of  practical  agriculture.  Hydrocarbons  and  certain  derivatives 
of  coal  have  also  been  used.  In  England,  nitrogen  fertilizers 
have  a  better  market  than  antiseptics;  this  is  because  gypsum, 
the  raw  material  in  the  manufacture  of  calcium  sulfate,  is  not 
very  abundant  in  England  and  that  the  derivatives  of  coal  are 
used  in  the  dyestuffs  industry.  In  countries  such  as  France  or 
America,  where  gypsum  is  found  in  abundance,  calcium  sulfide 
is  used  for  the  sterilization  of  the  soil,  and  consequently  the 
fixation  of  the  nitrogen,  to  compete  with  nitrogen  products. 
There  has  also  been  a  series  of  investigations  on  the  antiseptic 
derivatives  of  coal  tar.  There  is  no  doubt  but  that,  among  the 
intermediate  products  of  the  manufactirre  of  dyes  or  in  the  wastes 
of  this  manufacture,  there  may  be  found  substances  possessing 
sterilizing  properties  for  the  soil. 

Aside  from  these  conferences,  the  Congress  has  collected  nu- 
merous communications,  all  of  which  are  very  interesting.  I 
would  particularly  mention  that  of  Georges  Claude,  who  has 
combuied  in  the  same  fertilizer  ammonia  and  potash.  For  this 
he  uses  sylvite,  which  is  the  mineral  of  our  Alsatian  potash  and 
which  is  composed  of  a  mixture  of  potassium  and  sodium  chlo- 
rides. In  treating  the  sylvite  with  carbon  dioxide  sodium  is 
precipitated  in  the  form  of  a  carbonate,  whereas  the  potassium 
chloride  remains  dissolved  with  the  ammonium  chloride  which 
will  be  formed  in  the  reaction  of  sodium  chloride  on  the  carbonate 
of  ammonium  and  which  can  be  separated  by  cooling  to  5°  C. 
by  means  of  the  expansion  of  liquid  ammonia. 

The  advantages  of  the  Claude  process  are  (1)  the  substitution 
in  the  sylvite  of  harmful  sodium  chloride  for  ammonium  chloride, 
a  nitrogen  fertilizer,  (2)  the  transformation  of  ammonia  in  fertil- 
izer with  the  aid  of  chloride  coming  from  the  sylvite,  (3)  the 
production  of  sodium  carbonate  with  the  aid  of  the  sodium 
chloride  contained  in  this  sylvite,  the  sodium  chloride  in  the 
sylvite  having  no  value.  This  solution  of  the  problem  of  nitro- 
gen and  potassium  fertilizers  sounds  very  well,  but  it  supposes 
that  the  ammonium  chloride  has  the  same  value  as  the  sulfate. 
With  equal  weights  of  nitrogen,  there  would  be  equivalence 
between  the  chloride  and  the  sulfate,  and  as  the  nitrogen  chloride 
is  less  expensive  than  the  nitrogen  sulfate,  it  is  the  nitrogen 
chloride  that  in  the  end  should  be  employed. 

I  would  like  to  mention  here  that  Jvl.  Prianicknikof  has  recently 
presented  to  the  Academy  of  Science  a  comparative  study  of 
the  fixation  of  nitric  nitrogen  and  ammoniacal  nitrogen.  In 
the  comparative  cultivation  and  with  equal  weights  of  nitrogen, 
the  organic  nitrogen  fixed  by  maize  is  844  using  calcium  nitrate, 
but  it  increases  to  935  by  using  a  mixture  of  ammonium  chloride 
and  calcium  carbonate,  which  confirms  the  superiority  of  the 
ammoniacal  nitrogen  over  the  nitric  nitrogen.  The  ammoniacal 
salts  can  be  arranged  as  follows  in  order  of  assimUability;  the 
most  assimilable  is  ammonium  carbonate,  then  the  phosphate, 
and  finaUy  the  chloride  and  the  sulfate. 

This  communication  confirms  the  views  set  forth  by  M.  Claude. 
He  has  also  studied  the  problem  of  phosphates.     He  described 
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an  installation  producing  3  tons  per  day  of  finely  pulverized 
phosphates,  since  it  is  known  that  at  the  present  time  it  is  possible 
to  replace  superphosphates  by  very  finely  divided  natural  phos- 
phates. M.  Claude  ground  the  phosphate  mechanically,  which 
was  then  treated  with  a  current  of  air.  The  largest  particles 
were  deposited.  In  the  end  only  a  suspension  of  extremely 
fine  dust  remained.  The  air  current  containing  this  dust  was 
subjected  to  electrical  precipitation  by  the  Cottrell  process 
and  the  extremely  fine  dust  obtained  was  ready  for  agricultural 
uses. 

HVDROGEOLOGICAL  STUDY  IN  MADAGASCAR 

I  should  like  to  speak  of  the  various  other  interesting  problems 
taken  up  at  the  Congress,  but  I  should  mention  the  return  to 
France  of  Professor  Moureu,  whom  I  have  just  had  the  pleasure 
of  interviewing.     M.  Moureu  has  been  studying  hydrogeological 


problems  on  the  Island  of  Madagascar  and  the  Island  of  the 
Reunion. 

There  exist,  particularly  in  Madagascar,  in  the  volcanic 
region  of  Antsirabe,  sources  of  bicarbonate  of  soda  and  calcium 
waters  analogous  with  our  waters  from  the  Vichy  basin.  These 
waters  have  been  examined  by  M.  Moureu  and  they  have  been 
found  to  possess  the  same  therapeutic  properties  as  the  waters 
of  Vichy. 

M.  Moureu  has  also  studied  the  numerous  sources  of  carbonic 
acid  gas  which  they  call  the  "flower  of  the  soil"  in  these  regions. 
He  is  going  to  follow  this  with  studies  on  the  very  interesting  rare 
gases,  and  especially  on  the  possibilities  of  obtaining  large  quan- 
tities of  helium.  It  is  known  that  Madagascar  is  rich  in  radium 
minerals.  These  minerals  are  as  yet  little  used,  and  it  is  thought 
that  they  may  rival  the  minerals  of  the  Belgian  Congo. 
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By  Max  Hobein  and  LuDwao  Kai,b,  Ebenhausen  bei  Miinchen,  Germany 


Combustion  in  the  Diesel  Motor 

From  the  abundance  of  material  which  was  offered  by  the 
Diesel  Motor  Section  of  the  German  Engineers'  Society,  in 
Berlin,  which  gives  evidence  of  the  importance  that  the  Diesel 
motor  has  attained  in  the  last  few  years,  two  addresses  may  be 
briefly  mentioned. 

In  "Fuels  and  Their  Combustion  in  the  Diesel  Engine,"  Chief 
Engineer  Alt,  of  Kiel,  points  out  that  the  atomized  fuel  can  be 
ignited  directly  in  the  Diesel  engine  in  the  fluid  form.  The 
previously  accepted  belief  that  gasification  first  had  to  take  place 
must  be  given  up.  The  behavior  of  fuels  depends,  then,  only 
on  their  chemical  composition,  which  determines  their  kindling 
temperature.  For  smooth  burning  without  the  formation  of 
soot  Herr  Alt  even  recommends  that  gasification  before  ignition 
be  prevented  if  possible. 

In  "Increase  in  Efilciency  by  the  Four-Cycle  Diesel  Motor," 
Dr.  Riehm,  of  Augsburg,  describes  interesting  experiments. 
In  order  to  increase  the  available  piston  pressure  neither  the 
fuel  nor  the  amount  of  air  can  be  made  greater.  In  the  first 
case  the  rapidly  increasing  heat  requirements  soon  set  a  limit  to 
the  process,  so  that  it  is  only  temporarily  useful.  In  the  second 
case  the  increase  in  heat  requirements  is  negligible.  The  in- 
creased amount  of  air  is  allowed  to  enter  the  cylinder  in  such  a 
manner  that  the  fresh  air  sucked  in  is  condensed  before  enter- 
ing. Without  noticeable  increase  of  fuel  consumption  the 
efficiency  can  be  made  30  to  40  per  cent  greater.  A  further 
gain  would  be  accomphshed  if  it  were  possible  to  use  the  energy 
of  the  exhaust  gases  for  condensing  the  air  by  coupling  the  blast 
with  an  exhaust  turbine,  as  has  already  been  successfully  done 
with  airplane  motors. 

Mist  Explosions 

Professor  Haber,  the  well-known  discoverer  of  the  ammonia 
process  named  after  him,  has  in  Zeitschrift  fiir  angewandle  Cheinie 
published  an  investigation  carried  out  with  Herr  Woll?  at  the 
Kaiser- Wilhelm  Institute  for  Physical  Chemistry,  in  Berhn. 

WhUe  the  explosive  Umits,  the  rate  of  transmission  of  the 
explosion,  and  the  resulting  smoke  gases  in  gas-forming,  homo- 
geneous mixtvu'es  of  combustible  materials  have  been  much 
studied,  concerning  the  nonhomogeneous,  combustible  mist 
these  things  are  not  known.  Mist  explosions  can  play  a  part 
in  motor  explosions  caused  by  high-boihng  fuels,  for  it  does  not 
matter  whether  the  heating  through  compression  and  from  the 
walls  is  sufficient  to  vaporize  completely  before  igniting  the  fuel 
introduced  in  the  form  of  droplets. 

In  carrying  out  the  experiment  the  production  of  a  uniform, 
explosive  stream  of  mist  was  necessary,  which  was  connected 
with  the  flue  and  from  which  the  apparatus  was  filled  when 
necessary.  This  was  successful,  not  because  of  the  manner  of 
atomization,  but  because  of  the  rapid  cooling  of  the  heated  mix- 
ture of  the  combustible  gases  with  air.  Mist  from  petroleum 
(180°  to  220°  C.)  or  from  tetralin  or  quinoline  was  studied. 

Three  results  of  this  work  may  be  mentioned : 

^ — The  lower  explosive  limit — that  is,  the  least  proportion  of  mixture  to 
combustible  substance  which  is  necessary  for  the  explosion  to  take  place  is 
proved  to  be  independent  of  whether  the  fuel  exists  nonhomogeneous  in 
the  form  of  droplets,  or  homogeneous  in  gas  form. 


2 — While  homogeneous  gas-air  mixtures  burn  quite  completely  to  carbon 
dioxide  and  steam  as  long  as  stoichiometric  excess  of  oxygen  is  present  in- 
the  mixture,  the  mist  requires  a  considerable  excess  of  oxygen,  and  the 
larger  the  particles  are  the  greater  excess  is  necessary.  Because  of  this 
lesser  ability  of  the  mist  for  complete  combustion  it  is  more  etScient  to  use 
the  fuel  in  the  explosion  motor  in  the  form  of  a  homogeneous  gas-air  mixture. 

3 — The  speed  of  explosion  in  the  mist  is  less  than  in  the  gas-air  mixture — 
which  is  a  further  advantage  of  the  homogeneous  gas-air  mixture. 

Relation  between  Composition  and  Chemical   Resistivity 
AND  OF  Glasses 

Professor  Keppeler,  of  Hanover,  discussed  this  subject  at  the 
meeting  of  the  German  Ceramic  Association  in  Blankenburg. 
He  brought  proof  for  the  theory  that  the  chemical  susceptibility 
of  glasses  to  attack  is  attributable  to  the  solubility  of  the  single 
components,  especially  the  oxide.  The  tinge  of  coating  consists 
mostly  of  a  thin  layer  of  soda  crystals,  as  can  be  seen  through 
microscopical  analysis.  Sodium  is  dissolved  out  of  the  glass 
by  water  and  is  converted  into  carbonate  by  the  carbon  dioxide 
of  the  air.  Likewise,  the  devitrification  of  old  glass  is  due,  not 
to  crystallization  processes  (structural  changes)  but  to  hydroly- 
sis. While  it  was  possible  to  produce  practically  insoluble  calcium 
glass,  this  could  not  be  done  after  the  introduction  of  strontium  or 
barium  in  any  proportions. 

Sulfuric    and  Hydrochloric  Acids  from  Sulfurous  Acid 
AND  Chlorine 

The  chemical  change  according  to  the  equation 
SO2  +  CI2  -t-  2H,0  =  H,SO,  +  2HC1 
can — with  the  synthesis  of  hydrochloric  acid  from  chlorine  and 
hydrogen — gain  new  significance  in  Germany,  as  in  the  chlorine- 
alkali  industry  a  considerable  excess  of  chlorine  has  been  observed 
since  the  war.  Professor  Neumann,  of  the  Technological  In- 
stitute of  the  University  of  Breslau,  has,  in  cooperation  with 
Herr  Wilczewski,  devoted  an  exhaustive  experimental  study  to 
the  foregoing  reaction,  concerning  which  he  has  written  in  Zeits- 
chrift fiir  angewandte  Chemie.  He  includes  suggestions  for  the 
practical  carrying  out  of  the  process  in  a  system  of  acid-proof 
trickling  towers,  for  which  he  recommends  the  apparatus  designed 
by  Tobler  (U.  S.  Patent  1,332,.581). 

The  results  of  the  investigation  may  be  summarized  as  follows: 
The  reaction  between  sulfur  dioxide  and  chlorine  in  the  presence 
of  water  takes  place  quantitatively.  Therefore,  at  first  acid  fumes 
which  are  not  easily  condensed  result.  The  sulfuric  acid  fumes 
are  more  difficult  to  condense  than  hydrochloric  acid  fumes. 
In  practice  the  reaction  is  allowed  to  proceed  in  trickling  towers 
in  which,  instead  of  water,  preferably,  concentrated  hydrochloric 
acid  is  introduced.  With  increasing  concentration  of  sulfuric 
acid  the  hydrochloric  content  of  the  mixture  decreases  and  dis- 
appears almost  completely  upon  reaching  a  specific  gravity  of 
1.6.  The  concentrations  of  sulfuric  acid  attainable  are  the  same 
as  those  of  the  chamber  or  glover  acid  (66  to  88  per  cent).  The 
sulfm-ic  acid  produced  can  be  freed  from  dissolved  sulfur  dioxide 
(or  chlorine)  by  a  stream  of  air  easily  and  almost  without  any 
remainder.  It  is  not  possible  to  produce  sulfur  trioxide  accord- 
ing to  the  equation  SOo  -|-  CI2  -f-  H.O  =  SO3  +  2HC1. 
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The  Chemical  Resistance  of  Engineering  Materials.    By  M.  L. 

Hamlin  and  F.  M.  Turner,  Jr.     276  pp.     The  Chemical 
Catalog  Co.,  Inc.,  New  York.   1923.     Price,  S5.00. 

In  the  preface  the  authors  have  limited  their  task  by  waiving 
the  intention  of  making  an  exhaustive  treatise.  Notwithstand- 
ing the  self-imposed  limitations  of  scope  their  undertaking  is 
ambitious. 

Trying  sincerely  to  give  the  divisions  of  their  subject  proper 
perspective,  they  have  properly  given  sulfuric  acid  the  center  of 
the  stage  by  devoting  about  15  per  cent  of  their  total  space  to  its 
reactions  upon  most  commercial  structural  materials,  particu- 
larly metals  and  metal  alloys.  They  follow  this  with  briefer  but 
similar  treatment  of  the  other  commercial  acids — hydrochloric, 
nitric,  acetic,  etc. — giving  a  little  space  to  less  important  organic 
acids — citric,  malic,  picric,   etc. 

At  the  end  of  the  third  chapter.  Other  Acids  and  Metals, 
are  a  few  pages  on  the  general  subject  of  corrosion.  UTiile  this 
subject  unquestionably  belongs  in  a  treatise  of  this  kind,  the 
average  reader  would  hardly  expect  to  find  it  subordinated  to 
the  reactions  of  commercial  acids.  It  would  seem  logical  to  de- 
vote a  main  division  to  this  subject,  introductory  to  the  more 
specific  problems. 

The  fourth  division  of  the  work.  Acids  and  Non-Metallic 
Materials,  seems  to  be  logically  covered  within  the  scope  of  the 
undertaking.  The  treatment  of  Bases  and  Alkaline  Salts  and 
Neutral  Substances  is  very  sketchy.  The  chapter  on  Selection 
of  Material  for  Specific  Equipment  is  bravely  undertaken,  and 
will  be  appreciated  by  most  engineers.  The  table  of  materials 
for  evaporators  will  be  useful,  as  wUl  also  the  table  given  of 
materials  for  pumps  A  special  chapter  on  concrete  contains 
much  condensed  information.  Each  chapter  is  followed  by  an 
extensive  bibliography. 

The  book  has  appendixes  occupying  about  65  pages,  contain- 
ing much  handbook  data,  some  of  which  is  certainly  not  to  be 
found  in  existing  handbooks. 

Withal,  the  work  series  a  need.  It  can  be  criticized  on  the 
ground  of  judgment  used  in  the  disposition  of  space  and  empha- 
sis. With  some  rearrangements  and  additions  of  quantitative 
data,  clothed  in  a  limp  leather  binding,  embossed  with  gold 
letters,  and  printed  on  India  paper,  the  names  of  Hamlin  and 
Turner  could  go  down  the  decades  in  the  esteem  of  engineers 
along  with  those  of  Kent  and  Foster. 

F.  W.  WlLLARD 


Die  Ole  und  Fette  in  der  Textilindustrie.  By  Dr.  Herbig.  Vol. 
Ill  of  Monographien  aus  dem  Gebiete  der  Fett-Chemie.  301 
pages.      Published  by  K.  H.  Bauer,  Stuttgart,  1923. 

The  scope  of  this  book  includes  the  determinative  factors  of 
the  fats,  oils,  and  soaps  employed  in  the  textile  industry',  with 
information  on  the  substances  found  in  them  as  adulterants  or 
impurities,  and  also  the  commercially  reliable  quantitative 
methods  for  determining  the  percentage  values  of  each. 

The  text  is  simple  and  straightforward,  and  ought  to  offer  no 
difficulty  to  those  having  a  moderate  knowledge  of  German. 
The  different  sections  of  the  text  are  clearly  and  logically  ar- 
ranged, but  a  more  careful  breaking  up  into  definite  chapters, 
with  an  analytical  table  of  contents  to  each  chapter,  would  have 
added  much  to  convenience  in  consulting  the  work.  Altogether, 
however,  the  book  is  a  valuable  one,  and  deserves  use. 

Frederick  S.  Beattie 


The  Causes  and  Prevention  of  Corrosion.  By  Alan  A.  Pollitt. 
222  pages.  Ernest  Benn,  Ltd.,  London,  1923.  Price  25  s.  D. 
Van  Nostrand  Co.,  New  York,  1923.     Price,  $6.50. 

This  book  offers  a  concise,  open-minded,  and  reasonably  com- 
plete presentation  of  the  various  factors  involved  in  the  corrosion 
of  iron  and  steel,  though  there  is  little  novelty  in  the  subject 
matter  or  its  presentation.  The  corrosion  of  nonferrous  alloys 
is  not  discussed  except  in  the  case  of  brass  condenser  tubes. 

In  the  sections  on  the  theory  of  corrosion  the  author  pays  more 
attention  to  the  results  of  extensive  work  in  this  country  than 
have  many  other  English  writers  on  this  subject,  but  he  is  never- 
theless not  quite  willing  to  accept  the  "electrolytic"  theory.  As 
a  result,  the  theoretical  discussions  are  rather  inconclusive. 
The  author  also  helps  to  perpetuate  the  common  misconceptions 
and  haziness  as  to  the  mechanism  of  galvanic  action  and  the 
accelerating  effect  of  impurities  in  metals. 

Practically  all  the  section  on  the  corrosion  of  condenser  tubes 
is  quoted  directly  from  the  excellent  "Notes"  of  Bengough  on 
the  work  of  the  Corrosion  Research  Committee  of  the  Institute 
of  Metals.  This  was  pubhshed  last  year,  but  is  not  generally 
available  in  this  country. 

The  sections  on  various  types  of  protective  coatings  are  prob- 
ably the  best  portions  of  the  book,  representing  concise  presen- 
tations of  the  more  important  facts  regarding  nearly  all  the  pro- 
tective substances  or  processes  now  in  commercial  use. 

The  rather  extensive  discussion  (25  pages)  of  boiler  water  sof- 
tening scarcely  seems  necessary  in  a  book  on  corrosion. 

While  the  book  is  dated  June,  1923,  a  number  of  important 
contributions  during  the  preceding  year  were  apparently  not 
considered  in  writing  certain  sections.  This  is  also  true  of  the 
excellent  work  of  the  A.  S.  T.  M.  on  the  effect  of  copper  in  sheet 
steel  on  atmospheric  corrosion,  which  has  been  covered  in  com- 
mittee reports  for  several  years. 

The  book  is  well  printed  on  an  excellent  quality  of  coated 
paper,  which  probably  accounts  for  the  rather  high  price.  It  is, 
however,  a  book  which  could  very  profitably  be  read  by  anyone 
wishing  to  acquire  a  reUable  bird's-eye  view  of  the  whole  field 
within  reasonable  limits  of  time  and  space. 

Robert  E.  Wilson 

Gas  Manufacture.  By  W.B.  Davidson.  464  pages.  147  figures. 
Longmans,  Green  &  Co.,  New  York,  1923.     Price.  $7.00. 

This  book  is  planned  to  give  the  student  of  gas  manufacture 
an  insight  into  fundamental  principles,  particularly  the  chemical 
and  physical  principles  underlying  the  industry's  operations. 
The  author  well  states  his  approach  to  the  subject  in  the  preface 
when  he  says:  "The  chemical  aspect  is  in  the  forefront,  and  the 
mechanical  more  or  less  in  the  background." 

The  work,  being  written  by  a  British  engineer,  of  course  deals 
largely  with  manufacturing  conditions  and  methods  of  Great 
Britain,  but  most  of  the  volume  loses  but  little  for  the  American 
engineer  as  a  result.  Only  in  such  sections  as  those  discussing 
the  regulation  of  gas  by  public  officials  and  the  details  of  testing 
methods  required  will  the  American  reader  need  to  be  on  his 
guard  lest  he  be  led  away  from  standard  American  practices. 
Most  of  the  rest  of  the  book  is  directly  appUcable  to  conditions 
in  this  coimtry. 

A  careful  examination  of  the  volume  leads  one  to  believe  that 
it  has  been  Avritten  as  a  textbook.  The  material  is  selected  be- 
cause of  its  general  significance  for  the  industry  as  a  whole,  and 
is  pedagogically  well  organized  and  clearly  presented.     It  is  a 
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surprise,  therefore,  to  turn  to  the  title  page  of  the  work  and  find 
the  author  listed  as  a  consulting  chemical  engineer,  with  other 
connections  which  give  no  hint  of  college  or  university  affiliation. 
But  this  professorial  attitude  of  the  author  has  had  a  fortunate 
result,  for  it  has  produced  a  well-balanced  and  usable  work, 
which  is  not  always  the  case  when  the  so-called  "practical" 
engineer  turns  author. 

The  title  of  the  volume  is  somewhat  deceptive,  for  it  goes  far 
beyond  a  discussion  of  the  manufacture  of  gas.  The  work  is 
in  fact  roughly  divided — 20  per  cent  on  fundamental  chemistry; 
40  per  cent  on  manufacturing  methods,  equipment,  and  by- 
products; 25  per  cent  on  distribution  of  gas  and  its  utilization; 
and  15  per  cent  on  laboratory  testing  methods,  official  regulations, 
and  public  relations  questions. 

The  book  is  splendidly  prepared  mechanically,  both  accurate 
and  attractive  in  type  forms,  with  good  illustrations  and  binding. 
It  deserves  a  place  in  every  gas  engineer's  library,  and  will  find 
cordial  welcome  among  the  professors  of  chemical  engineering 
and  gas  engineering.  Although  not  altogether  suitable  as  a 
textbook  for  American  students,  it  certainly  will  be  a  very  valu- 
able reference  book  for  use  in  their  classes. 

R.  S.  McBride 

Report  of  the  Committee  of  the  Privy  Council  for  Scientific  and 
Industrial  Research  for  the  Year  1922-23.  141  pages.  H.  M. 
Stationery  Office,  London,  1923.     Price,  4  s  net. 

The  British  Government's  scheme  for  promotion  of  scientific 
and  industrial  research  has  now  been  in  operation  for  eight 
years.  A  Committee  of  the  Pri\'y  Council,  responsible  for  the 
expenditure  of  funds  provided  for  this  purpose,  and  an  Advisory 
Council,  to  make  recommendations  regarding  researches  to  be 
undertaken  and  grants  to  be  made,  were  appointed  in  1915. 
The  Department  of  Scientific  and  Industrial  Research  was 
created  in  the  following  year  to  carry  out  the  plan;  and  to  this 
the  National  Physical  Laboratory  and  the  Geological  Survey 
were  transferred  in  1918-19.  A  trust  fund  of  a  miUion  pounds 
was  initially  provided  by  Parliament  for  subsidizing  industrial 
research  associations,  and  annual  appropriations  have  been 
made  for  the  work  of  the  department  and  its  institutions.  The 
present  report  deals  with  the  activities  of  all  these  research 
agencies  during  the  last  fiscal  year. 

Twenty-four  research  associations  have  now  been  approved 
in  as  many  industries,  flour-milling  having  been  added  last 
year.  Within  certain  limits,  they  generally  receive  grants  from 
the  Million  Fund,  for  five  years,  equal  to  the  amounts  sub- 
scribed by  their  members.  Some  of  these  associations  are  now 
approaching  or  have  reached  the  end  of  their  grant  periods. 
An  important  decision  has  been  reached  to  consider  each  appli- 
cation for  extension  on  its  own  merits,  and  to  make  further 
grants  only  if  it  is  shown  that  the  industry  is  unable  immedi- 
ately to  shoulder  the  entire  financial  responsibility  for  its  re- 
search association  but  can  in  all  probability  provide  an  effective 
income  for  its  complete  support  within  another  five  years. 

The  report  includes  a  summary  of  investigations  completed 
or  in  progress  directly  under  special  boards  and  committees  of 
the  department  dealing  with  problems  relating  to  fuel,  food, 
forest  products,  building  materials,  adhesives,  gas  cylinders, 
lubrication  and  current  meters,  as  well  as  in  the  National  Physi- 
cal Laboratory.  An  interesting  account  is  given  of  the  work  of 
five  coordinating  research  boards  for  physics,  chemistry,  engi- 
neering, radio,  and  fabrics,  originally  established  in  1920  to 
control  fundamental  scientific  research  in  connection  with  the 
fighting  sers'ices,  but  now  also  correlating  it  with  similar  work 
under  various  civilian  departments  and  industrial  research 
associations.  Developments  in  the  organization  of  research  in 
the  British  Colonies  are  noted  in  one  of  the  appendixes. 

J.  Daniei.  Thompson 


Gelatin  in  Photography.  Vol.  I.  By  S.  E.  Sheppard.  22  X  15 
cm.  263  pages.  D.  Van  Nostrand  Co.,  New  York,  1923. 
Price,  $2.50. 

Unsuccessful  attempts  to  use  gelatin  in  photography  were 
made  by  Mepce  in  1847,  Poitevin  in  1850,  and  Gaudin  in  1853. 
Norris  in  1856  was  the  first  to  use  gelatin  successfully  in  connec- 
tion with  collodion  dry  plates.  Maddox  in  1871  was  the  dis- 
coverer of  what  has  developed  into  the  modern  gelatino-bromide 
emulsion.  In  1873  the  preparation  of  a  gelatin  fUm  emulsion 
in  a  practical  form  was  accomplished  successfully  by  Kennett. 
In  1883  the  first  isochromatic  plates  were  placed  on  sale  by 
TaLlfer.  Eastman  introduced  the  film  in  1884  and  the  nitro- 
cellulose film  in  1889. ' 

The  subject  of  gelatin  in  photography  is  so  large  that  this 
volume  deals  only  with  the  historical,  manufacturing,  and 
analytical  aspects  of  gelatin,  the  technology  of  the  manufacture 
and  testing  being  discussed  primarily  with  a  view  to  the  improve- 
ment of  gelatin  as  a  photographic  raw  material.  It  is  in  this 
respect  that  this  volume  differs  from  the  more  comprehensive  ones 
by  Bogue  and  by  Alexander.  The  subject  is  presented  under  the 
general  headings:  A  History  of  the  Applications  of  Gelatin  in 
Photography;  The  Manufacture,  Technochemistry,  and  General 
Properties  of  Gelatin;  The  Analytical  and  Constitutional  Chem- 
istry of  Gelatin. 

Hatschek's  method  for  determining  the  setting  point  is  very 
interesting  (p.  202).  Among  special  instruments  devised  by 
the  author  are  the  jelly-strength  testing  machine  (p.  213),  and 
the  turbidimeter  (p.  220).  For  exact  moisture  determinations 
the  method  of  Hulett  is  recommended  (p.  113).  "Apart  from 
physical  and  colloid-chemical  characteristics,  there  are  certain 
special  requirements  for  photographic  gelatins.  They  should 
give  clear  and  nearly  neutral  solutions;  the  moisture  content 
should  not  be  above  20  per  cent,  and  lower  for  'soft'  gelatins; 
and  the  ash  should  not  exceed  2  percent"  (p.  117).  Bases  and 
heavy  metals  should  not  be  present  in  the  ash  in  more  than 
mere  traces  as  they  are  harmful  to  photographic  emulsions. 
Sulfates  and  chlorides  should  also  be  low. 

The  book  is  a  good  one,  but  is  handicapped  by  the  fact  that 
what  we  really  want  to  read  is  the  second  volume. 

Wilder  D.  Bancroft 


Farberei-  und  TextUchemische  Untersuchungen.  By  Paxji, 
HEERJtANN.  X  +  370  pages.  JuUus  Springer,  Berlin,  1923. 
Price,  $2.50. 

This  manual  might  adequately  be  described  as  a  manual  of 
the  tests  for  purity  of  all  substances  employed  in  the  textile 
industries,  beginning  with  indicators,  standard  solutions,  and 
the  substances  from  which  these  are  prepared,  and  going  on 
through  spinning  fibers,  water,  heavy  chemicals,  tanning  agents, 
fats  and  oUs,  soaps,  starches,  gums,  etc.,  natural  dyestuffs, 
weighters,  determination  of  dyes  upon  the  fiber,  tests  for  fast- 
ness upon  the  fiber,  and  an  appendix  containing  various  tables. 
Besides  methods  for  the  quantitative  determination  of  the  per- 
centage of  the  substance  itself  in  samples  tested,  similar  tests 
are  also  given,  qualitative  and  quantitative,  for  the  impurities 
which  may  be  present. 

The  text  is  well  arranged,  but  with  the  usual  defect  of  too 
massive  blocks  of  print,  without  sufficient  paragraphing  to  make 
rapid  consultation  of  the  work  easy.  This  defect,  however,  is 
common  in  Continental  works,  and  may  perhaps  better  be  ascribed 
to  a  general  difference  in  mental  attitude  toward  such  matters. 

The  treatment  is  full  but  concise,  and  is  quite  evidently  very 
thorough.  It  is  difficult,  off-hand,  to  find  any  topic  which 
properly  comes  within  the  range  of  the  subject  that  has  not  been 
fully  taken  up. 

Frederick  S.  Beattie 
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Etude  sur  la  tannerie  et  les  Industries  connexes  au  Maroc.     By 

Ch.  ZiEGLER.     122  pages.    28  plates.     13x22  cm.     La  Chaus- 
sure  Francaise,  Paris,  192.3.     Price,  7  fr.  50. 

This  little  volume  presents  an  account  of  a  study  of  the  tanning 
industry  in  Morocco.  This  study  embraces  the  whole  industry 
from  the  sources  of  the  raw  materials,  both  skins  and  tannins, 
to  the  manufacture  of  the  finished  leather  into  slippers  and 
similar  articles.  The  raw  materials,  all  of  native  origin,  and  the 
processes  of  tanning,  all  of  primitive  nature,  are  treated  in  great 
detail.  The  purpose  of  the  publication  seems  to  be  mainly  the 
fostering  of  an  interest  in  the  activities  of  this  French  dependency 
rather  than  the  fiuthering  of  our  scientific  knowledge  concerning 
leather.  There  are,  however,  some  points  of  interest  to  the 
leather  chemist  in  the  methods  of  tanning  employed,  which  are 
empirically  developed  to  meet  the  peculiar  circumstances  and 
prevailing  climatic  conditions.  Liming  for  three  weeks  and  then 
deliming  for  two  months  seems  a  startling  procedure,  especially 
in  such  a  climate,  and  yet  the  Moroccan  tanner  appears  to  get 
away  with  it. 

If  a  few  chemical  and  bacteriological  examinations  were  re- 
ported in  connection  with  Mr.  Ziegler's  study,  the  value  of  the 
publication  would  be  immeasurably  increased  from  the  scientist's 
point  of  view.  As  it  stands,  despite  the  interesting  nature  and 
very  readable  method  in  which  the  subject  is  presented,  it  is 
doubtful  whether  the  book  really  belongs  in  a  chemical  library. 

Thomas  Blackadder 


Kent's  Mechanical  Engineers'  Handbook.  Robert  T.  Kent, 
Editor-in-Chief.  10th  edition.  2247  pages.  John  Wiley  & 
Sons,  Inc.,  New  York;  1923.     Price,  $7.00. 

It  is  very  difficult  to  review  adequately  such  a  comprehensive 
volume  as  "Kent's  Mechanical  Engineers'  Handbook."  How- 
ever, it  does  not  require  the  ordinary  treatment,  since  it  has  been 
the  handmaid  of  the  engineer  for  many  years  and  because  the 
members  of  the  engineering  and  scientific  professions  have  been 
acquainted  with  its  context  and  have  recognized  it  as  one  of  the 
most  authoritative  sources  of  information.  The  former  editions 
have  been  well  received  and  it  is  predicted  that  the  last  edition 
will  meet  with  a  like  reception.  In  many  respects  the  new  edition 
is  a  marked  improvement  over  former  editions.  This  is  true 
because  a  great  deal  of  the  material  has  been  entirely  rewritten, 
much  new  material  has  been  added,  and  changes  have  been  made 
in  classification  and  arrangement  of  material. 

There  are  certain  undesirable  features  in  the  present  edition. 
It  is  regrettable  that  in  the  effort  to  keep  the  volume  within  a 
small  compass  some  of  the  figures  and  plates  were  produced  on 
such  a  small  scale  as  to  make  it  difficult  to  read  them  with  correct- 
ness and  facility.  The  work  can  be  questioned  as  to  the  relative 
amount  of  space  given  to  different  topics.  For  instance,  three 
and  a  half  pages  are  devoted  to  windmills  and  less  than  half  a 
page  to  railway  cars.  This  is  a  serious  error  in  both  instances 
as  windmills  are  not  of  sufficient  engineering  and  economic  im- 
portance to  devote  that  amount  of  space  to,  and  railway  cars 
are  of  such  prime  importance  to  transportation  that  they  deserve 
a  much  better  treatment. 

Likewise  with  the  locomotive  and  railway  cars.  A  great  deal 
of  space  was  given  to  the  locomotive  and  correctly  so — but  it  is 
not  so  overwhelmingly  more  important  than  the  railway  cars 
as  represented  by  the  difference  in  space  allotted.  The  design 
of  railway  cars  is  equally  important  and  difficult  as  that  of  loco- 
motives and  not  a  word  has  been  said  concerning  it.  It  would 
have  been  far  better  to  have  omitted  some  of  the  questionable 
empirical  formulas  for  design  of  certain  locomotive  parts  and 
utilized  the  space  by  giving  sound  principles  of  and  formulas  for 
car  design.  It  appears  hardly  justifiable  to  give  data  on  the 
waste  of  fuel  in  locomotive  operation  from  an  article  published 


in  1894.  In  the  first  place,  there  is  more  current  information, 
and,  second,  such  information  is  not  applicable  to  modern  con- 
ditions. 

The  treatment  of  smoke  prevention  is  inadequate.  Certainly, 
some  reference  should  have  been  given  relating  to  ordinances, 
methods  of  rating  amount  of  smoke,  and  the  amount  of  loss  due 
to  smoke.  It  is  unfortunate  that  in  the  section  on  Industrial 
Buildings  the  important  function  of  the  flow  sheet  as  a  prerequi- 
site to  logical  factory  design  and  lay-out  was  not  mentioned. 
The  discussion  of  arrangement  of  machinery  is  faulty  in  that  it 
is  not  adequately  discussed,  and,  furthermore,  many  would  take 
grave  issue  with  the  statement  "for  low  cost  it  is  better  to  group 
machines  by  classes." 

Notwithstanding  the  unfavorable  references  made,  the  reviewer 
realizes  that  the  new  edition  is  a  marked  improvement  over  former 
editions,  and  feels  therefore  that  the  editor,  his  associates,  and 
publishers  have  rendered  a  distinct  service  to  engineers  and  to 
industry  by  making  available  this  revised  edition  of  a  handbook 
that  successfully  has  met  their  requirements  for  many  years. 

L.  W.  Wallace 


NEW  BOOKS 


Ausziige  aus  der  Literatur  der  Zellstoff-  uad  Paperfabrikation.   I.  Chem- 

ischer      Teil.       II.       Mechanischer     Teil.     Verein     der     ZellstoS-     und 

Papier  Chemiker  und  Ingenieure.     36  and  48  pp.     Otto  Eisner,   Berlin. 
Bibliography  of  Periodical  Publications  on  Papermaking  and  Allied  Subjects 

during    1922.     37   pp.     Price,    5  s.     Papermakers'  Association  of  Great 

Britain  and  Ireland,  London. 
Blasting  with  High  Explosives.     W.  Gerard  Boui,ton.     108  pp.     Price, 

5  s.     Sir  Isaac  Pitman  &  Sons.  Ltd.,  London. 
Bulletin    of    the    Imperial    Institute.     Report   on  the  Operations  of  the 

Imperial  Institute.     Vol.    21.     No.  1,  289  pp.     Price,  3  s.       6d.       John 

Murray,  London. 
Fabrication  des  Colles  et  Gelatines,  Traitement  Industriel  des  Animauz 

Abbatus.     Victor  Cambon.     268  pp.     Illustrated.     Price,  18  fr,     Dunod, 

Paris. 
Genesis  of  Petroleum.     P.  E.  Spielmann.     72  pp.     Price,  5  s.     E.  Benn. 

Ltd,,  London. 
Handbook  of  Petroleum,  Asphalt,  and  Natural  Gas.     Roy  Cross.     Bulletin 

No.    10    of    Kansas    City    Testing    Laboratory.      650    pp.      Price,    $7.50. 

Kansas  City  Testing  Laboratory,  Kansas  City,  Mo. 
Handbook  on  Rubber  Uses  and  Their  Development.     162  pp.     Rubber 

Growers'   Association,   Inc.,   London. 
Industrial    History.     Harry    B.    Smith.     305    pp.     Illustrations.     Price, 

S1.40.     The  Macmillan  Co.,  New  York. 
KoUoide     in     der     Technik.     IX.     Wissenschaftliche  Forschungsberichte. 

Raphaei,     Ed.     Liesegang.     157     pp.     Theodor    Steinkopff,     Dresden 

and  Leipsig. 
Leather  Trades'  Year  Book,  1923.     J.  Gordon  Parker.     216  pp.     Price, 

6  s.  6  d.     Leather  Trades'  Year  Book,  London. 
Manufacture   of   Nitric   Acid   and   Nitrates.     Alun    Cottrei-i..     454    pp. 

Price,  36  s.      Gurney  &  Jackson,  London. 
Nickel  Ores.     W.  G.  Rumbold.     Monographs  on  Mineral  Resources  with 

Special  Reference  to  the  British  Empire.     Mineral  Resources  Committee 

of  the  Imperial  Institute.     81  pp.     Price,  5  s.     John  Murray,  London. 
Practical    Chemistry.     H.    B.    Dunnicliff.     280   pp.     Price,  5  s.     Mac- 
millan &  Co.,  Ltd  ,  London. 
Preparation    of    Perfumes    and    Cosmetics.     J.    P.    DurvellE.     420    pp. 

Price,  21  s.     Scott,  Greenwood  &  Son,  London. 
Rubber  Latex  and  Its  Industrial  Importance.     A.  Van  Rossem.     Inter- 
national Association   for   Rubber   Cultivation  in  the  Netherland  Indies. 

34  pp.     Netherland  Government  Rubber  Institute,  Delft. 
Source  and  Influence  of  Impurities  in  80 :  20  Cupro-Nickel.      C.  Blazey. 

Munitions  Supply  Board,  Australia.     56  pp.     Australian  Commissioner  's 

Office,  New  York. 
Steaming  of  Wigan  Arley  Coal  in  Vertical  Gas  Retorts.     Technical  Paper  No. 

8.     Fuel  Research  Board.     Department  of  Scienti6c  and  Industrial 

Research.     12  pp.     Price,  9  d.     H.  M.  Stationery  Office,  London. 
Structure  of  the  Atom.     E.  N.  Da  C.  Andrade.     314  pp.     Price,  16  s.     G. 

Bell  &  Sons,  Ltd.,  London. 
Technical    Reports,    1921-1922.     Munitions    Supply  Board,    Australia.  34 

pp.     Australian  Commissioner's  Office,  New  York. 
Textile  Chemistry.     F.  G.  Cooper.     235  pp.     Price,  $5.00      E.  P.  Dutton 

&  Co..  New  York. 
Treatise    on    General    and    Industrial    Organic    Chemistry.     Part    II.     E. 

MoLiNARi.     2nd  edition,  translated  by  T.   H.   Pope.     440    pp.      Price, 

30  s      J.  &  A.  Churchill,  London. 
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Commerce  Reports — October 

Notice — Commerce  Reports  are  received  by  all  large  libraries  and  may  be 
consulted  there,  or  single  numbers  can  be  secured  by  application  to  the  Bureau 
of  Foreign  and  Domestic  Commerce,  Department  of  Commerce,  Washington, 
D.  C.  The  regular  subscription  rate  for  these  Commerce  Reports  mailed 
weekly  is  $3.00  per  year  (10  cents  per  single  copy),  payable  in  advance  to  the 
Superintendent  of  Documents,  Government  Printing  OJice,   Washington,  D.  C. 

It  is  claimed  that  methods  have  been  perfected  by  which  com- 
mercial products  can  be  obtained  from  the  Athabaska  tar  sands 
found  in  the  Province  of  Alberta,  Canada.  Two  processes  have 
been  developed,  one  for  the  separation  of  oils  and  the  other 
for  the  extraction  of  asphalt.     (P.  16) 

The  fertilizer  industry  of  the  Netherlands  is  reviewed,  and 
statistics  are  given  showing  the  imports  and  exports  of  artificial 
fertilizers.     (Pp.  19-20) 

Export  and  import  statistics  for  coal-tar  products  are  given 
for  the  Netherlands,  there  having  been  a  rather  rapid  and  other- 
wise notable  development  in  the  manufacture  and  exportation 
of  these  products  during  the  past  two  years.     (Pp.  20-1) 

Mineral  turpentine,  which  sells  for  about  half  the  price  for 
vegetable  turpentine,  is  the  variety  most  widely  used  in  the  paint 
trade  in  Shanghai.     (P.  21) 

The  August  trade  of  the  United  States  in  chemicals  and  allied 
products  is  reviewed.  Although  the  exports  recorded  a  gain  of  25 
per  cent  as  compared  with  August,  1922,  there  was  a  decided 
drop  from  the  previous  months  of  1923.  On  the  other  hand,  the 
imports  during  August,  1923,  not  only  gained  over  August,  1922, 
but  also  over  the  preceding  month.  The  exports  of  chemicals 
and  allied  products  had  an  aggregate  value  of  $11,943,966,  while 
the  imports  totaled  $16,045,609.      (Pp.   90-1) 

The  Chilean  Government,  in  order  to  finance  the  1923  budget, 
has  proposed  the  sale  of  certain  Government  nitrate  lands. 
(P.  91) 

The  total  lignite  resources  of  Italy  have  been  estimated  at 
295,189,000  metric  tons.  (P.  105) 

The  opening  meeting  of  the  Royal  Commission  to  inquire  into 
the  pulpwood  resources  of  Canada  and  to  determine  the  ad- 
visability of  restricting  or  prohibiting  the  exportation  of  pulp- 
wood  from  Canada  was  held  on  September  10  at  Ottawa.  It 
is  probable  that  hearings  will  be  held  from  coast  to  coast.  (P. 
119) 

The  dyestuffs  market  of  the  Irish  Free  State  is  now  open  to 
American  producers  on  equal  terms  with  all  others.  (P.  119) 
In  accordance  with  an  Imperial  Ordinance  promulgated  in 
Japan,  effective  September  17,  the  following  commodities  have 
been  exempted  from  import  duties  until  March  31,  1924;  mineral 
oils;  sengen  root;  boric  acid;  tartaric  acid;  bicarbonate  of  soda; 
salicylate  of  soda;  peroxide  of  hydrogen;  alum;  chloroform;  iodo- 
form; milk  sugar;  antipyrin;  santonin;  carbonate  of  creosote; 
carbonate  of  guaicol ;  pepsin;  and  drugs,  chemicals,  and  medicines. 
(P.  120) 

A  recent  French  decree  modifies  the  import  duties,  generally 
by  way  of  reductions,  on  cottonseed  oil  and  sulfm'ic  acid.  (P. 
120) 

The  Governor  General  of  the  Union  of  South  Africa  has  pro- 
claimed a  rebate  in  the  import  duty  on  the  following  products: 
turpentine,  vegetable  or  mineral,  for  use  in  the  manufacture  of 
paints,  varnishes,  and  polishes;  eucalyptus,  pine,  and  other  oils, 
for  use  in  connection  with  the  extraction  of  gold  and  other  min- 
erals by  the  flotation  process;  soy-bean,  citronella,  and  mirbane 
oils,  for  use  in  the  soap-making  industry;  waxes  for  use  in  the 
manufacture  of  polishes;  and  linseed  oil,  raw,  for  use  in  the  manu- 
facture of  paints  for  resale.     (P.  121) 

Orders  for  French  heavy  chemicals  are  improving  continually 
and  are  now  equaling  production.  The  large  companies  are  busy 
because  of  the  failure  of  German  deliveries.  Good  business  is 
being  done  in  mineral  acids.  Secondary  chemical  industries 
are  improving,  with  good  demand  for  their  products,  especially 
from  glass-makers  and  tanners.     (P.  141) 

The  paint  and  varnish  market  in  Chile  is  reviewed.  It  is 
pointed  out  that  Chile  offers  a  good  market  for  paints  and 
varnishes,  but  that  competition  is  keen.  In  proportion  to  the 
size  of  the  country  and  its  small  population,  relatively  large 
quantities  are  consumed  annually  'n  a  variety  of  ways,  and  sta- 
tistics are  given  showing  the  principal  sources  of  the  various 
paints  and  varnishes  imported  into  Chile.     (P.  161) 


A  report  from  Berlin  is  to  the  effect  that  representatives  of  the 
Government,  agriculturists,  and  the  nitrogen  industry  have  made 
an  agreement  whereby  the  price  of  nitrogen  is  fixed  on  the 
basis  of  the  price  of  rye,  the  price  of  140  kilos  of  rye  being  taken 
as  that  of  100  kilos  of  sulfate  of  ammonia.  The  price  of  calcium 
cyanamide  is  to  be  fixed  at  eight-ninths  and  that  of  soda  nitrate 
at  one  and  one-ninth  the  price  of  sulfate  of  ammonia.  (P. 
161) 

Owing  to  the  heavy  sales  during  the  last  few  months,  it  is 
announced  that  the  product  of  nearly  all  the  German  potash 
works  is  exhausted.  This  is  the  first  time  in  the  Potash  Syndicate's 
history  that  such  large  sales  have  been  made  in  midsummer. 
(P.  161) 

The  Federal  Ministry  of  Food  in  Germany  has  agreed  to  the 
importation  of  200,000  metric  tons  of  Chile  saltpeter  by  June 
30,  1924,  50  per  cent  to  be  used  for  agriculture  and  50  per  cent 
for  the  fertilizer  trade.     (P.  161) 

The  output  of  Thomas  slag  in  Germany  during  the  first  three 
months  of  1923,  as  compared  with  the  same  period  in  1922,  fell 
off  7  per  cent  and  sales,  30  per  cent.     (P.  161) 

A  marked  decrease  is  reported  in  the  sale  of  German  pharma- 
ceutical products  and  the  reasons  for  this  decrease  are  described. 
(Pp.  161-2) 

Germany,  in  1922,  broke  up  10,200,000  tons  of  raw  limestone. 
Of  this  quantity  2,400,000  tons  were  sold  raw,  the  remainder 
being  worked  up  in  refining  works.     (P.  162) 

About  1000  tons  of  fuel  oil  per  month  are  now  being  used  for 
industrial  furnaces  in  Belgium,  and  the  consumption  is  in- 
creasing at  the  rate  of  100  tons  a  month.     (P.  169) 

Great  progress  has  been  made  in  the  tanning  industry  in  the 
Union  of  South  Africa  in  the  past  ten  years,  which  is  described 
in  some  detail.     (Pp.  171-2) 

The  production  and  export  of  Swedish  paper  and  pulp  during 
the  first  six  months  of  1923  reached  quantities  exceeding  by  a 
considerable  margin  those  for  the  corresponding  period  of  last 
year,  and  comparing  even  well  with  so-called  normal  pre-war 
years.  The  cellulose  market,  while  still  quiet,  is  showing  signs 
of  improvement  under  the  stimulus  of  the  prospect  of  an  increased 
demand  from  Great  Britain.     (P.  174) 

Under  the  terms  of  a  recent  decree  of  the  Royal  Hungarian 
Minister  of  Finance  an  export  license  is  required  for  the  follow- 
ing articles:  alcohol,  methylated  alcohol;  charcoal,  peat  and  peat 
coal,  lignite  and  coal,  coke  and  all  kinds  of  artificial  heating 
material  made  thereof;  wares  of  platinum  for  scientific  or  in- 
dustrial use;  salt;  antimon  regulus,  sulfur  antimon  regulus; 
noxious  gases  for  militar>'  purposes;  every  kind  of  salts  of 
precious  metals;  and  artificial  fertilizers  (not  made  of  compound 
salts)  except  superphosphates,  wood  and  coal  ashes,  bone  dust, 
extinct  bone  charcoal,  charcoal  fit  only  for  manure,  Thomas 
slag,  and  other  slags.     (Pp.  183—4) 

The  Government  of  Southern  Rhodesia  has  given  notice  that 
until  further  order  a  rebate  of  the  whole  of  the  customs  duty 
shall  be  granted  on  the  following  products:  methylated  spirits; 
alcohol  of  South  African  manufacture  used  solely  for  manufac- 
turing or  scientific  purposes,  or  for  fuel ;  South  African  spirits  of 
a  strength  of  50  per  cent  over  proof  and  upward  when  methy- 
lated; South  African  spirits  used  for  industrial  purposes;  South 
African  plain  spirits  used  for  scientific  or  teaching  institutions 
for  burning,  preserving,  or  experimental  purposes;  and  South 
African  rectified  spirit  used  in  the  manufacture  of  ether  or  ether 
substances.     (P.  186) 

The  Polish-Silesian  zinc  industry  is  much  concerned  with 
conditions  in  the  Ruhr.  The  industry  mines  and  smelts  local  ore 
but  manufactures  only  semifinished  products.     i,P.   193) 

The  improvement  in  the  German  paint  and  varnish  industry 
in  the  early  part  of  the  year  proved  to  be  of  short  duration. 
Prices  advanced  beyond  the  buying  power  of  consumers  and  a 
heavy  falling  off  of  sales  resulted.     (P.  214) 

A  report  on  the  distillation  of  alcohol  from  "blackstrap" 
molasses  in  Cuba  has  been  received  in  the  Chemical  Division 
of  the  Department  of  Commerce.  Further  information  may 
be  obtained  by  addressing  that  division.     (P.  229) 

A  German  company  is  erecting  a  factory  in  Shanghai  for  the 
production  of  yeast  and  chemical  products.     (P.  229) 

A  Spanish  firm  has  indicated  a  desire  to  import  insulin  from 
the  United  States.  Further  information  may  be  secured  by 
addressing  the  Chemical  Division,  Department  of  Commerce. 
(P.  229) 
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The  duty  on  crude  iodine  imported  into  Tunis  lias  been  re- 
duced.    (P.  246) 

Experiments  conducted  in  Sweden  have  demonstrated  the 
commercial  value  of  a  motor  spirit  called  "bentyl,"  which  is 
composed  of  sulfite  spirit  distilled  from  the  sulfite  lye  of  the  wood- 
pulp,  mills  mixed  with  20  to  25  per  cent  of  benzene.  As  there  are 
now  twentv-two  sulfite  distilleries  in  Sweden  with  an  annual 
output  of  about  20,000,000  liters  of  100  per  cent  alcohol  from 
lye,  tlie  new  motor  fuel  may  prove  to  be  a  serious  competitor 
of  imported  gasoline.     (P.  283) 

The  situation  in  the  German  chemical  industry  is  outlined, 
with  particular  reference  to  calcium  cyanamide,  ammonium 
sulfate,  Chile  saltpeter,  phosphates  and  organic  nitrogenous 
fertilizers,  soda  ash,  caustic  soda,  sulfuric  acid,  and  potash  and 
potash  salts.  The  production  of  ammonia  and  chemical  fer- 
tilizer salts  in  Germany  by  the  Haber-Bosch  process  of  atmos- 
pheric fixation  is  entirely  inadequate  for  feeding  Germany's 
soU.     (P.  287-8) 

The  vermilion  industry-  in  Hongkong  is  reviewed.     (P.  2SS) 

Diu-ing  the  first  six  months  of  1923  Canada  produced  587,152,248 
of  minerals,  or  an  increase  of  44  per  cent  over  the  output  for  the 
corresponding  period  in  1922.     (P.  290) 

A  new  invention  for  the  production  of  gas  from  peat  to  be  used 
in  the  manufacture  of  glass  or  in  the  melting  of  metal  has  been 
reported  from  Ontario.     (P.  294) 

A  decree  of  the  German  Government  prohibits  the  exportation 
of  minerals  and  mineral  oils  except  by  permits.     (Pp.  313-4) 

Germany  does  not  require  Ucenses  for  the  exportation  of  pre- 
pared wax,  solid  fatty  acids,  paraffin,  and  similar  candle-making 
materials;  and  other  manufactures  of  grease,  oil,  or  wax.  (P.  314) 

Germany  requires  export  licenses  for  salt,  soda,  bicarbonates 
and  caustic;  aluminium  compounds;  nitrates  of  ammonia;  lead 
and  soda;  acetate  of  calcium;  sulfate  of  ammonia;  metallic  acids 
and  salts;  chalk;  artificial  fertilizers.     (P.  315) 

A  German  governmental  decree  prohibits  the  exportation 
of  certain  essential  chemical  products  of  which  German  pro- 
duction is  barely  sufficient  to  cover  domestic  needs.  The 
chemicals  which  cannot  be  exported  are  listed  and  include  for 
the  most  part  chemical  fertihzer  salts,  except  potash,  as  well  as 
rock  and  brine  salt,  soda'ash  and  caustic  soda,  artificial  alumina, 
etc.     (P.  314) 

The  prohibition  placed  upon  the  exportation  of  gum  copal  from 
the  Colony  of  Sierra  Leone  for  a  period  of  three  years  has  expired 
and  the  period  of  prohibition  is  not  to  be  extended.  (Pp.  314—5) 

Costa  Rica  has  reduced  her  import  duty  on  vegetable  waxes, 
oil  of  turpentine,  paraffin  oil,  and  on  nitrobenzene.     (P.  315) 

A  Peruvian  decree  provides  a  10  per  cent  ad  valorem  import 
duty  on  certain  specified  chemical  raw  materials  required  in  the 
Peru\-ian  industr>'.     (P.  315) 


Statistics   of   Exports 
BrazU— (P.  12) 

Manganese  ore 
Antwerp — (P.  21) 

Gum  copal 
Straits  Settlements — (P.  32) 

Refined  tin 
Madrid— (P.  32) 

Quicksilver 
China— (P.  123) 

Soy-bean  oil 
Wood  oil 


TO   THB   United  Statss 
Hungary— (P.  95) 

Oil,  fusel 

Stramonium 
Malaga— (P.  229) 

Levigated  red  oxide  ore 
Belgian  Congo — (P.  2S8) 

Gum  copal 
Canada— (P.  30S) 

Wood  pulp 

Pulpwood 


Special  Supplbments  Issued 
Finland  Sweden 

Hongkong  Uruguay 

Indo-China  Venezuela 

Portugal  Virgin   Islands   of   the   United 

States 
Markets  for  American  Pharmaceutical,  Medicinal,  and  Biological  Prepara- 
tions.    Trade  Informalion  Bulletin  149. 
Trade-Mark  Protection  in  Europe.     Trade  Information   Bulletin  155. 


Algeria 
Australia 
Canada 
Danzig 


Notice — Publications  for  which  price  is  indicated  can  be  purchased  from 
the  Superintendent  of  Documents,  Government  Printing  OffLic,  Washington, 
D.  C.  Other  publications  can  usually  be  supplied  from  the  Bureau  or  De- 
partment from  which  they  originate. 

Bureau  of  Foreign  and  Domestic  Commerce 

Manzanillo,  Mexico,  Indigo  Dyes.  1  p.  Chemical  Trade  Bulletin  lb. 
Issued  October  25.  1923. 

Bureau  of  Internal  Revenue 

Denatured  AlcohoL  Formulas  for  Completely  and  Specially  Denatured 
.\lcohoI.  Appendix,  Regulations  61,  Revised.  15  pp.  Issued 
September  21,  1923. 


Bureau  of  Mines 

Additions.  Removals,  and  Changes  in  Permissible  List  of  Explosives  from 
January  1,  1923,  to  August  31,  1923.  J.  E.  Crawshaw.  Reports  of 
Investigations  2523.     2   pp.     Issued   September,    1923. 

Air  Measurement  Methods  for  Experimental  Work  on  Fan-Pipe  Installa- 
tions. G.  E.  McElroy  and  A.  S.  Richardson.  Reports  of  Investigations 
2527.     2  pp.     Issued  September,  1923. 

Bibliography  of  Magnesian  Cements.  G.  H.  West,  R.  L.  Sebastian, 
AND  W.  A.  Darrow.  Reports  of  Investigations  2534.  17  pp.  Issued 
October,  1923. 

Bibliography  of  Petroleum  and  Allied  Substances,  1921.  E.  H.  Bdkroughs. 
Bulletin  220.     230  pp.     Paper,  20  cents. 

Carbon  Monoxide  Hazards  from  Tobacco  Smoke.  G.  W.  Jones,  W.  P. 
Yant,  and  L.  B.  Berger.  Reports  of  Investigations  2539.  6  pp.  Issued 
October   1923. 

Coal-Mine  Fatalities  in  August,  1923.  W  W.  Adaus.  Reports  of  Investi- 
gations 2529.     3  pp.     Issued  September,  1923. 

Coal-Mine  Fatalities  in  September,  1923.  W.  W.  Adams.  Reports  of 
Investigations  2538.     3  pp.     Issued  October,  1923. 

Coke-Oven  Accidents  in  the  United  States  during  the  Calendar  Year  1922. 
W.  W.  Adams.      Technical  Paper  349.     37  pp.     Paper.  5  cents. 

Erection  of  Barricades  during  Mine  Fires  or  after  Explosions.     J.  W.  Paul, 

B.  O.   PicKARD,   and   M.    W    Von    Bernewitz.     Miners'  Circular  25. 
28   pp.     Paper,   5  cents. 

Explosives  Used  in  August,  1923.  Reports  of  Investigations  2536.  5  pp. 
Issued  October,  1923. 

Explosives  Used  in  July,  1923.  W.  W.  Adams.  Reports  of  Investigalions 
2522.     5  pp.     Issued  September,  1923. 

Explosives  Used  in  September,  1923.  W.  W.  Adams.  Reports  of  Investi- 
gations 2543.     3  pp.     Issued  November,  1923. 

Friction  Factors  for  Fan-Piping  Used  in  Mine  Ventilation.  G.  E. 
McElroy  and  A.  S.  Richaudson.  Reports  of  Investigations  2540. 
3  pp.  Issued  October,  1923. 

Graphites  for  Brass-Melting  Crucibles.  R.  T.  Stull  and  L.  E.  Geyer. 
Reports  of  Investigations  2542.     5  pp.     Issued  November,  1923. 

Manual  for  Oil  and  Gas  Operations.  Including  Operating  Regulations  ta 
Govern  the  Production  of  Oil  and  Gas  under  the  .\cts  of  Februar>'  25, 
1920,  June  4.  1920,  and  March  4,  1923,  and  under  Special  Agreement  by 
the  United  States.  T.  E.  Swigart  and  C.  E.  Beecher.  Bulletin  232. 
145  pp.      Paper,  40  cents. 

Operating  Regulations  to  Govern  Coal-Mining  Methods  and  the  Safety 
and  Welfare  of  Miners  on  Leased  Lands  on  the  Public  Domain  under  the 
Act  of  February  25,  1920  (Public  \o.  146),  48  pp.     Paper,  5  cents. 

Relation  of  Operating  Practice  to  Composition  of  Light  Oil  from  Carbureted 
Water  Gas.  R.  L.  Brown,  E.  F.  Pohlman,  and  H.  G.  Berger.  Reports 
of  Investigations  2537.     9  pp.     Issued  October,  1923. 

The  Electrothermic  Metallurgy  of  Zinc.  B.  M.  OHarra.  This  bulletin 
represents  work  done  under  a  cooperative  agreement  between  the  Bureau 
of  Mines,  Department  of  the  Interior,  and  the  Missouri  School  of  Mines 
and  Metallurgy.      Bulletin  208.     106  pp.     Paper,  15  cents. 

The   Preparation   and    Properties   of   Normal   Lead  Trinitro  Resorcinate. 

C.  A.  Taylor  and  W.  H.  Rinkenbach.      Reports  of  Investigalions  2533. 
6  pp.     Issued  October,  1923. 

The  Transportation  of  Explosives  in  and  about  Mines.  (State  regulations 
relating  thereto  )  L.  C.  Ilsley.  Reports  of  Investigations  2528.  8  pp- 
Issued  September,  1923. 

Timbering  of  Metal  Mines.  E.  A.  Holbrooe,  R.  V.  Ageton,  and  H.  E. 
TuFFT.      Bulletin    215.     72    pp.     Paper,    25    cents. 

Bureau  of  Standards 

Detector  for  Water  Vapor  in  Closed  Pipes.     E.  R.  Wea^-er  and  P.  G.  Ledig. 

Technologic  Paper  242.     Paper.  5  cents. 
Tests  of  Caustic  Magnesia  Made  from  Magnesite  from  Several  Sources. 

P.  H.  Bates.  R    N.  Young,  and  Paul  Rapp.     Technologic  Paper  239. 

30  pp.     Paper,  10  cents. 
United    States    Government    Specification    for    Gloss    Interior    Lithopone 

Paint,  YrTiite,  and  Light  Tints.     Circular  147.      U.  S.  Government  Stand- 
ard Specification  67.     S  pp.     Paper.  5  cents. 
United    States    Government    Specification   for   Leather   Belting.     Circular 

148.      U.  S.  Government  Standard  Specification  37.  9  pp.  Paper,  5  cents. 
United  States  Government  Specification  for  Water-Resisting  Red  Enamel. 

Circular    146.     U.    S.    Government    Standard    Specification    66.     6   pp. 

Paper,  5  cents. 

Geological  Survey 

Coal  in  1919,  1920,  and  1921.  F.  G.  Tryon  and  S.  A.  Hals.  Separate 
from  Mineral   Resources  of  the  United  States,  1921,  Part  II.     18  pp. 

Issued  October  24,  1923. 
Gypsum  in  1922.     K.  W.  Cottrell.     Separate  from  Mineral  Resources  of 

the  United  States,  1922,  Part  II.     7  pp.     Published  October  IS.  1923. 
Mineral  Resources   of  the  United   States,   1920.     Part  U.     Non-Metals. 

R.  W,  Stone,  geologist  in  charge      529  pp.     Cloth  binding. 
Phosphate   Rock   in   1922.     G.    R.    Mansfield.     Separate   from   Mineral 

Resources    of    the    United    States,    1922.    Part    II.     24    pp.     Published 

October  16,  1923. 
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Platinum  and  Allied  Metals  in  1922.  J.  M.  Hill.  Separate  from  Mineral 
Resources  of  the  United  States,  1922,  Part  I.  11  pp.  Published  October 
8,  1923. 

Potash  in  1922.  G.  R.  Mansfield.  Separate  from  Mineral  Resources 
of  the  United  States,  1922,  Part  II.     21  pp.     PubUshed  October  12.  1923. 

SUver,  Copper,  Lead,  and  Zinc  in  the  Central  States  in  1922.  Mines 
Report.  J.  P.  DuNLOP  and  F.  Begbman.  Separate  from  Mineral 
Resources  of  the  United  States,  1922,  Part  I.  32  pp.  Published  October 
10,  1923. 

Surface  Water  Supply  of  the  United  States,  1921.  Part  VII.  Lower  Mis- 
sissippi River  Basin.  N.  C.  Grover,  Robert  Follansbee,  and  E.  h. 
Williams.  Prepared  in  cooperation  with  the  States  of  Colorado,  Mis- 
souri, and  Kansas.     Water-Supply  Paper  527.     39  pp.     Paper,  5   cents. 


Talc  and  Soapstone  in  1922.  Edward  Sampson.  Separate  from  Mineral 
Resources  of  the  United  States,  1922,  Part  II.  6  pp.  Published  October 
11,  1923. 

Public  Health  Service 

Health  Conditions  among  Chemical  Workers,  with  Respect  to  Earnings. 

F.  M.  Phillips  and  G.  A.  Sager.  Public  Health  Reports  38  (October  5, 
1923),  2320-2. 
The  Pyrotannic  Acid  Method  for  the  Quantitative  Determination  of 
Carbon  Monoxide  in  Blood  and  Air.  R.  R.  Sayers,  W.  P.  Yant. 
AND  G.  W.  Jones.  Public  Health  Reports  38  (October  5,  1923), 
2311-20. 


MANUFACTURERS'  TECHNICAL  PUBLICATIONS 


Notice — Any  publications  mentiontd  under  this  heading  will  be  sent  free,  un- 
less otherwise  noted,  to  readers  o/This  Journai.,  on  request  to  the  firm  issuing 
the  publication.  When  writing  for  any  of  these  items  kindly  mention  Industrial, 
AND  Engineering  Chemistry. 

Astronomical  and  Astrophysical  Instruments.  Descriptive  catalog  of  in- 
struments for  this  purpose  manufactured  by  the  publishers.  4S  pp. 
Wm.  Gaertner  &  Co.,  Chicago,  III. 

Automatic  Temperature  Control.  Catalog  86,  descriptive  of  indicating, 
recording,  and  signaling  devices  for  the  automatic  control  of  temperature. 
40  pp.     Brown  Instrument  Co.,  Philadelphia,  Pa. 

Bailey  Boiler  Meters.  Bulletin  42.  Descriptive  catalog  of  these  meters 
and  their  use.     24  pp.     Bailey  Meter  Co.,  Cleveland,  Ohio. 

Biological  Laboratory  Supplies.  Catalog  B,  1923.  Catalog  of  apparatus 
for  bacteriological  and  biological  laboratories.  172  pp.  Eimer  &  Amend, 
Third  Ave.,  ISth  to  19th  Sts.,  New  York,  N.  Y. 

Bristol  Recording  Thermometers  and  Gages.  Catalog  1006,  Pressure  and 
Vacuum  Gages.  S4  pp.  Catalogs  1102,  1203, 1302,  and  1401,  Recording 
Thermometer  and  Pyrometers.  44,  48,  and  64  pp.  Bulletin  289,  Bristol 
Temperature  Controllers.  16  pp.  Preliminary  Catalog  1501  and  Bulle- 
tin 281,  Electrical  Recording  Voltmeters,  Wattmeters,  and  Ammeters. 
32  and  20  pp.  Bulletin  317,  Tachometers.  34  pp.  Bulletin  311.  Re- 
cording Psychrometers  and  Humidity  Recorders.  12  pp.  Catalog  717, 
Belt  Fasteners.     40  pp.     The  Bristol  Co.,  Waterbury.  Conn. 

Caldwell  Tanks.  Descriptive,  illustrated  catalog  and  price  list  of  wooden 
tanks  and  accessories.     92  pp.     W.  E.  Caldwell  &  Co.,  Louisville,  Ky. 

Castings,  Gray,  Chemical  Iron,  and  Semisteel.  Illustrations  of  various 
forms  of  chemical  castings,  48  pp.  U.  S.  Cast  Iron  Pipe  &  Foundry 
Co.,  Burlington,  N.  J. 

Cenco  Hyvac  Pump.  Bulletin  92.  Description  of  this  pump  capable  of 
producing  vacuum  of  0.001  mm.  4  pp.  Centrai,  Scientific  Co.,  460 
East  Ohio  St.,  Chicago,  111. 

Centrifugal  Compressors.  Instruction  Book  88,600.  Operating  data  for 
multi-stage  turbine  driven  centrifugal  compressors  for  gas  exhauster  and 
gas  booster  service.     62  pp.     General  Electric  Co.,  Schenectady,  N.  Y. 

Coal,  Coke,  and  By-Products.  Standard  laboratory  tests  and  apparatus. 
36  pp.     Scientific  Materials  Co.,  Pittsburgh,  Pa. 

Commercial  Minerals.  Directory  of  commercial  minerals  in  Georgia  and 
Alabama  along  the  line  of  The  Central  of  Georgia  Railway.  Carefully 
indexed  catalog  of  the  minerals  in  this  particular  territory  and  general 
map  of  the  territory.  154  pp.  Industrial  Department,  The  Central 
OP  Georgia  Railway  Co.,  Savannah,  Ga. 

Cross  Cracking  Process.  Technical  description  of  the  process  and  its 
operation.  16  pp.  Gasoline  Products  Co.,  700  Baltimore  Ave., 
Kansas  City,  Mo. 

Crysteel.  Descriptive  of  Crysteel  enamels.  32  pp.  Crysteei  Works,  The 
Benjamin  Electric  Manufacturing  Co.,  847  W.  Jackson  Blvd., 
Chicago,  III. 

Dunham  Vacuum  Heating  System.  Bulletins  103  and  110.  Descriptive 
of  the  Dunham  medium  pressure  trap  and  the  Dunham  heating  system. 
4  and  12  pp.     C.  A.  Dunham  Co.,  230  East  Ohio  St.,  Chicago,  III. 

Electric  Motors.  How  to  Choose  Them,  32  pp.  Reliance  Electric 
&  Engineering  Co.,  Cleveland,  Ohio. 

Friction  Clutches.  Catalog  1.  Descriptive  catalog  and  price  list  of  friction 
clutches.      16  pp.     W.  E.  Caldwell  Co.,  Louisville,  Ky. 

Hardinge  Conical  Mills.  Catalog  13,  descriptive  of  mills  and  their  uses. 
32  pp.     Hardinge  Co.,  120  Broadway,  New  York,  N.  Y. 

Hump  Methods  for  the  Heat  Treatment  of  Steel.  Catalog  90.  Descrip- 
tion of  methods  and  instruments  used  in  heat  treating.  30  pp.  Leeds 
&  NORTHRUP  Co.,  4901  Stenton  Ave.,  Philadelphia,  Pa. 

Marcy  Ball  Mill.  Catalog  69,  Descriptive  catalog  of  Marcy  ball  mill 
with  flow  sheets.     36  pp.     Mine  &  Smelter  Supply  Co.,  Denver,  Colo. 


Mechanical  Fuel  Oil  Burning  Systems.  Bulletin  16-OA,  I6-OG,  and  17-A 
Descriptive  catalogs  of  mechanical  and  low  and  high-pressure  fuel  oil 
burners  and  a  gear  pump  for  viscous  liquids.  68  pp.  Schuttb  &  KoERT- 
ING  Co.,  1239  North  12th  St.,  Philadelphia,  Pa. 

Microscopes  and  Bacteriological  Materials.  Descriptive  illustrated  catalog. 
48  pp.     Scientific  Materials  Co.,  Pittsburgh,  Pa. 

Optical  Glass.  Descriptive  manual  and  catalog  with  price  list  of  optical 
glass.     20  pp.     Bausch  &  Lome  Optical  Co.,  Rochester,  N.  Y. 

Orifice  Meters.  Bulletin  113-1.  Descriptive  catalog  of  indicating  and 
recording  ori&ce  meters.  28  pp.  The  Foxboro  Co.,  Inc.,  Foxboro, 
Mass. 

Ozone  and  Electrolytic  Water  Purifying  Apparatus.  Technical  Publication 
10.  A  concise  treatise  on  the  principles,  design,  and  action  of  U.  S.  ozoni- 
zers  and  Hartman  sterilizers.  35  pp.  United  States  Ozone  Co., 
Scottdale,  Pa. 

Photomicrography.  An  introduction  to  photography  with  the  microscope. 
36  pp.     Eastman  Kodak  Co.,  Rochester,  N.  Y. 

Pneumatic  Collecting  and  Conveying  Systems.  Catalog  291.  Sturtevant 
fan  systems  for  collecting  dust  and  conveying  materials,  with  tabular 
data  on  performance  of  fans,  properties  of  air,  and  friction  loss  in  pipes. 
72  pp.     B.  F.  Sturtevant  Co..  Hyde  Park,  Boston,  Mass. 

Pyrex  Laboratory  Glassware.  Descriptive  catalog  and  price  list.  16  pp. 
Corning  Glass  Works,  Coming,  N.  Y. 

Reed  Air  Filters.  Bulletins  106,  107,  108,  109,  110,  and  111.  Descriptive 
catalog  of  Reed  filters  showing  their  construction  and  uses.  William 
Reed  Engineering  Co.,  Louisville,  Ky. 

Rubber.  Volume  Increase  of  Compounded  Rubber  under  Strain.  Research 
Bulletin.  12  pp.  The  New  Jersey  Zinc  Co.,  160  Front  St.,  New  York, 
N.  Y. 

Ruggles-Coles  Dryers.  Catalog  16.  Descriptive  catalog  of  dryers  and  the 
particular  uses  for  which  they  are  fitted.  40  pp.  Rdggles-Coles 
Engineering  Co.,  120  Broadway,  New  York,  N.  Y. 

Sludge  Acid  Concentration.  Bulletin  2.  Description  of  the  Simonson- 
Mantius  vacuum  process.  12  pp.  Acid  Recovery  Division,  United 
Lead  Co.,  Ill  Broadway,  New  York,  N.  Y. 

Tag  General  Catalog.  A  general  catalog  of  the  Tagliabue  products  consist- 
ing of  sections  dealing  with  thermometers  both  indicating  and  recording, 
hydrometers,  oil-testing  instruments,  mercurial  vacuum  gages,  pyrom- 
eters, Tag-mono  flue  gas  analysis  recorders,  and  automatic  controllers  of 
temperature,  pressure,  humidity,  time,  liquid  level,  etc.  Also  distributed 
as  separate  catalogs,  dealing  with  each  of  these  subjects.  216  pp.  The 
C.  J.  Tagliabue  Mfg.  Co.,  18  Thirty-third  St..  Brooklyn,  N.  Y. 

Thickening  and  Clarification.  Bulletin  12.  Description  of  the  uses  of 
Dorr  thickening  and  clarifying  equipment.  24  pp.  TflE  Dorr  Co., 
247  Park  Ave.,  New  York,  N.  Y. 

Turboblower.  Catalog  312.  Itemized  data  on  the  Sturtevant  turboblower 
with  reference  to  installation,  construction,  performance,  and  operation. 
40  pp.     B.  F.  Sturtevant  Co.,  Hyde  Park,  Boston,  Mass. 

Water  Filters.  Bulletin  501,  descriptive  of  Graver  horizontal  pressure 
pipe  water  filters.     12  pp.     Graver  Corp.,  East  Chicago,  Ind. 

Wendt's  Electro-Titration  Apparatus.  Bulletin  86.  Description  of  this 
apparatus  and  its  use  with  full  directions.  12  pp.  Central  Scientific 
Co.,  400  East  Ohio  St.,  Chicago.  III. 

X-Rays.  Simple  physics  of  X-ray  photography,  together  with  catalog  of 
accessories  and  operating  details.  52  pp.  Eastman  Kodak  Co.,  Roches- 
ter, N.  Y. 

York  Ammonia  Fittings  and  Supplies.  4th  edition,  2nd  issue.  De- 
scriptive illustrated  catalog  of  ammonia-handling  equipment,  together 
with  tabulated  data  on  the  manufacture  of  ice  and  artificial  refrigeration. 
158  pp.     Yore  Manufacturing  Co.,  York,  Pa. 

Zinc  as  a  Paint  Pigment.  Comparison  of  various  paint  pigments.  20  pp. 
The  New  Jersey  Zinc  Co..  160  Front  St.,  New  York,  N.  Y. 
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MARKET  REPORT— NOVEMBER.  1923 


(Supplied  by  Drug  &  Chemical  Markets] 


(^  ENERAL  conditions  in  the  market  for  industrial  chemicals 
^^  have  shown  little  change  during  the  month.  The  total 
volume  of  business  appears  to  be  increasing  gradually,  but 
consumers  are  still  conservative  in  their  purchases  and,  except 
for  basic  materials  which  wiU  be  required  during  the  coming 
year,  are  showing  no  particular  desire  to  enter  into  contracts. 
With  buying  limited  to  actual  requirements,  the  market  remains 
spotty  and  prices  are  unsettled  owing  to  keen  competition  and 
excess  supplies  of  stocks  on  hand.  The  trend  of  prices  has  been 
slightly  downward  owing  to  price  revisions  in  a  few  basic 
chemicals. 

Perhaps  the  most  interesting  event  in  the  market  has  been  the 
reduction  in  contract  prices  of  alkalies  for  the  coming  year  by 
one  of  the  leading  manufacturers  of  caustic  soda  and  soda  ash. 
While  the  reduction  was  not  large  it  was  of  great  interest  in  the 
trade,  since  other  manufacturers  will  no  doubt  also  adjust  their 
prices  in  line  with  the  new  levels.  This  has  been  the  first  change 
in  alkali  prices  in  over  two  years.  The  new  schedule  lists  solid 
caustic,  76  per  cent  NazO,  at  $3.10  in  carlots  at  works.  Soda 
ash,  58  per  cent  Na20,  in  bags  at  $1.38  in  carlots.  These  prices 
represent  a  decline  of  6V2  cents  per  hundred  pounds  in  caustic 
and  7  cents  in  the  cases  of  soda  ash.  Prices  for  small  quantities 
in  dealers'  hands  have  also  been  reduced  6  cents  in  the  case  of 
soda  ash  and  4  cents  in  caustic  soda. 

Bleaching  powder  has  been  unsettled  and  prices  have  been 
very  unstable  owing  to  the  keen  competition  in  the  market  and 
large  production  at  a  time  when  consumption  has  been  below 
normal.  Announcement  was  made  by  one  manufacturer  of 
contract  prices  over  1924  at  $1.25  per  hundred,  f.  o.  b.  works. 
Prices  for  the  last  two  months  of  the  year  have  also  been  named 
at  $1.25,  a  reduction  of  25c  from  former  quotations.  Prices 
are  well  below  manufacturing  costs,  but  at  present  the  supply 
appears  to  be  greater  than  the  demand.  Advantage  is  being 
taken  of  the  low  prices  for  contracts,  and  business  is  understood 
to  be  improving  in  this  direction.  Contract  prices  for  chlorine 
have  also  been  reduced  slightly  for  large  quantities  over  1924, 
a  leading  maker  naming  3  V4  cents  a  pound  at  works. 

Arsenic  has  been  very  prominent  in  the  market  recently. 
Owing  to  an  apparent  world  scarcity  of  arsenic,  prices  have 
been  advancing  steadily  from  a  low  of  9  cents  per  pound  during 
the  summer  to  I4V2  cents  per  pound  in  November.  Domestic 
producers  are  reported  sold  up  for  the  year  and  are  proceeding 
slowly  on  deliveries  after  the  first  of  the  year.  Japan  is  offering 
little  this  year,  while  German  supplies  are  limited  and  are  held 
for  high  prices,  sellers  naming  IS'/z  cents  per  pound  for  shipment. 
Consumers  were  buying  freely  for  a  time,  but  with  prices  rising 
rapidly  they  have  withdrawn  temporarily. 


Sodium  prussiate  has  weakened  still  further  owing  to  keen 
competition  between  imported  and  domestic  producers.  De- 
mand has  been  lacking  and  prices  have  been  declining  steadily. 
Potassium  prussiate  is  also  lower.  Copper  sulfate  has  been 
declining  with  the  fall  in  copper  prices,  but  is  recovering  as  cop- 
per shows  signs  of  recovery.  Barium  products  are  stronger, 
with  barium  carbonate  sold  up  and  chloride  quoted  at  higher 
prices.  Ammonium  chloride  continues  firm.  Ammonium  sul- 
fate has  been  weak  owing  to  lack  of  demand  and  competition 
from  foreign  sources.  Acetone  is  scarce  and  prices  strong. 
Bichromates  have  been  steady  with  demand  showing  some 
improvement.  Sodium  sulfide  demand  has  improved,  but  with 
supplies  abundant  prices  continue  weak.  Carbon  black  has 
been  declining  steadily  owing  to  increased  supplies  and  lessened 
demand.  Copper  and  tin  have  advanced.  Tin  crystals  are 
higher.  Potassium  permanganate  is  easier.  Formaldehyde 
continues  weak.  Sulfuric  acid  is  in  good  demand,  but  other 
mineral  acids  are  routine.  Oxalic  acid  is  in  better  demand  and 
higher  in  price.     Formic  acid  is  stronger.     Tartaric  acid  is  lower. 

Coal-tar  crudes  have  been  in  good  supply  and  prices  have 
been  unsettled.  Benzene,  especially,  has  been  subject  to  keen 
competition  among  sellers,  while  the  lower  prices  of  gasoline 
have  kept  motor  benzene  prices  down.  Toluene  and  solvent 
naphtha  are  lower.  Phenol  has  been  fairly  steady,  but  with 
production  increasing  present  prices  are  showing  signs  of  weak- 
ening. Cresylic  acid  is  offered  at  a  range  according  to  grade  and 
quantity.  Naphthalene  is  beginning  to  move  for  spring  con- 
tract deliveries.  Prices  are  about  1  cent  per  pound  lower  this 
year  for  flake  and  balls.  Pyridine  declined  sharply  following 
increased  supplies  from  Europe  and  a  lull  in  demand.  Spot 
prices  dropped  from  $6.00  to  $5.00  per  gallon.  Intermediates 
have  been  in  routine  demand  owing  to  the  slow  demand  for  colors. 
Signs  of  improvement  are  in  evidence  as  textile  mills  begin  to 
resume  operations  on  a  broader  scale.  Makers  of  ^-naphthol 
have  advanced  prices  following  a  gradual  decline  to  levels  which 
allowed  little  or  no  profit.  Aniline  oil  is  steady.  Starches  and 
dextrins  have  receded  after  two  advances  due  to  high  cash 
corn  prices. 

Changes  in  vegetable,  animal,  and  fish  oil  prices  have  been 
fewer.  Linseed  oil  has  been  quiet  and  prices  have  been  de- 
clining. Cottonseed  oil  has  been  strong  owing  to  the  bullish  re- 
ports concerning  the  cotton  crop.  Corn  oil  has  been  strong. 
Soy  bean  oil  is  scarce  and  higher  in  price.  Animal  oils  have 
been  fairly  steady.  Cod  and  menhaden  oils  are  firm  with  an 
upward  tendency  due  to  the  smaller  catches  this  season.  Stearic 
acid  and  red  oil  have  been  steady.  Turpentine  is  lower.  Rosin 
has  been  quiet  but  prices  have  been  fairly  steady. 


^.0 
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1921                 1                 1922                1                 1923                 | 

INDUSTRTAL  CHEtllCAL.  PRICES 
itcrage  Price  Per  Hundred  Pounds  of 
Twenty  Representative  Heavy  Chercicals 
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INOBQANIC  CHEMICALS 


Acid,  Boric,  cryst.  bbls lb. 

h^     Hydrochloric.comm'l.  20°Ib. 

Hydrofluoric.  30%  bbls..  .lb. 

Hydriodic.  10%  U.  S.  P.. .lb. 

Nitric,  42'',cbyi.  c/I  wks.lb. 

Phosphoric,  50%  tech.. .  .lb. 

Sulfuric,  C.  P lb. 

66  °  tks.  wks ton 

Olfum,  20% ton 

Alum,  Ammonia,  lump lb. 

Potash,  lump lb. 

Chrome lb. 

Soda,  ground lb. 

1  SuUate  (iron-free). lb. 
L  Carbonate,  pwd..lb. 

Chloride,  white  gran lb. 

Ammonia,  anhydrous lb. 

Ammonia  Water,  drums,  26°. lb. 

Arsenic,  white lb. 

Barium  Choride ton 

Nitrate lb. 

Barytes,  white ton 

Bleaciiingj.Powd.,  35%,  works 

100  lbs. 

Borax,  cryst.,  bbls lb. 

Bromine,  pure,  wks lb. 

Calcium  Chloride,  fused,  f.o.b. 

N.  Y ton 

Chlorine,  liquid lb. 

Copper  Sulfate 100  lbs. 

Iodine,  resublimed lb. 

Lead  Acetate,  white  crystals,  .lb. 

Nitrate lb. 

Red 100  lbs. 

White  (Carb.) lb. 

Lime,  live  and  hydrated,  bbU.lb. 

Oyster  shell lb. 

Lime  Acetate 100  lbs. 

Magnesium  Carbonate,  tech.  .lb. 

Magnesite,  calcined ton 

Phosphorus,  yeUow lb. 

Red lb. 

Plaster  of  Paris,  tech bbl. 

Potassium  Bichromate lb. 

Bromide,  imported lb. 

Carbonate,  calc.,80-85%.lb. 

Chlorate,  cryst lb. 

Hydroiide,  88-92% lb. 

Iodide,  bulk,  U.  S.  P lb. 

Nitrate lb. 

Permanganate,  U.  S.  P..  .lb. 

Prussiate,  red lb. 

YeUow lb. 

Salt  Cake,  bulk ton 

Silver  Nitrate oz. 

Soda  Ash,  58%,  bags 100  lbs. 

CausUc,  76%,  N.  Y.  100  lbs. 
*  Resale  or  Imported  (not  a 


Nov.  1 

Nov.  15 

Jan.  1923 

.11 

.11 

.IIH 

.OlJi 

.OIK 

.01>i 

.07 

.07 

.06 

.73 

.73 

.65 

.06M 

.06H 

.06 

.08 

.08 

.08 

.09 

.09 

.07 

15.00 

15.00 

15.00 

19.00 

19.00 

18.00 

.03H 

.03M 

.03H 

*.03H 

•.03>i 

•.03H 

.05H 

.05H 

.OoH 

.04 

.04 

.04 

.02>i 

.02>i 

.02H 

.09 

.09 

.09K 

.07H 

.01  y» 

.07K 

.30 

.30 

.30 

.OTii 

.07H 

.07H 

.14 

.llJi 

.15>i 

•82.50 

•82.50 

•92.50 

•.07M 

*.07J^ 

*.07J^ 

33.50 

33.50 

33.50 

1.50 

1.35 

2.15 

.05M 

.Ob% 

.05H 

.29 

.29 

.20 

24.50 

24.50 

24.50 

.OSJ-i 

.05J4 

.05K 

4.90 

4. SO 

6.25 

1.55 

4.55 

4.50 

.14 

.14 

.13 

.22 

.22 

.22 

11.40 

11.40 

10.60 

.09M 

.09M 

.OSJ^ 

.OIH 

.OIH 

.OIH 

.03>i 

.03H 

.03 

4.00 

4.00 

3.50 

.08 

.08 

.08 

65.00 

65.00 

65.00 

.35 

.35 

.32 

.75 

.75 

•.30 

3.30 

3.30 

3.30 

.09>4 

.09>i 

.10 

.17 

•.17 

.14}^ 

•.06K 

•.06H 

•.05H 

•.07M 

•.07H 

•.05H 

•.07 

•.07 

•.08 

3.75 

3.75 

3.60 

.06H 

.06H 

.06>i 

•.17H 

*.17M 

•.16 

•.60 

•.60 

•.90 

•.30 

•.29 

•.38 

24.00 

24.00 

28.00 

.44 

.44 

.44 

•2.00 

•1.94 

•2.00 

3.70 

3.66 

3.50 

aerican  maker 

s  price). 

Sodium  Acetate lb. 

Bicarbonate 100  lbs. 

Bichromate lb. 

Bisulfite,  powd lb. 

Chlorate lb. 

Cyanide,  96-98% lb. 

Fluoride,  tech lb. 

Hyposulfite,  bbls..  .  100  lbs. 

Nitrate,  95% 100  lbs. 

Nitrite lb. 

Prussiate,  yellow lb. 

Phosphate  (di-sod.),  tech. lb. 

Sihcate,  40° 100  lbs. 

Sulfide,  60%,  fused lb. 

Strontium  Nitrate lb. 

SuUur,  flowers 100  lbs. 

Crude,  mines long  ton 

Tin  Bichloride,  50%  sol'n lb. 

Oiide lb. 

Zinc  Chloride,  U.  S.  P lb. 

Oxide,  bbls lb. 


Nov.  1 

Nov.  15 

Jan.  1923 

.05 

.05 

.07K 

2.25 

2.25 

2.00 

.07K 

.07M 

.075i 

.04)4 

.04H 

.04 

.06H 

.06H 

.06>i 

.23 

.23 

.23 

.09 

.09 

.09>i 

2.75 

2.75 

3.60 

2.45 

2.45 

2.57}^ 

.07K 

.07>i 

.08>i 

.13 

.13 

.18K 

.03H 

.03H 

.03>4 

.80 

.80 

.80 

MH 

.041^ 

.05 

•.10 

•.10 

•.08M 

3.00 

3.00 

3.00 

14.00 

14.00 

14.00 

.13 

.13 

.lOJi 

.47 

.47 

.43 

.25 

.25 

.20 

.08M 

.08>i 

.07H 

OEGANIC  CHEMICALS 


Acetanilide,  U.S.  P.,  bbls lb. 

Acid,  Acetic,  28  p.  c 100  lbs. 

Glacial 100  lbs. 

Benzoic,  U.  S.  P lb. 

Carbohc,  cryst.,  U.  S.  P., 

drums lb. 

50-  to  110-lb.  tins... lb. 

Citric,  crystals,  kegs lb. 

Oxalic,  cryst.,  bbls.,  wks.lb. 

PyrogaUic,  resubhmed. .  .lb. 

Sahcyhc,  U.S.  P ..lb. 

Tannic,  U.  S.  P.,  bbls lb. 

Tartaric,  cryst.,  U.  S.  P...lb. 

Acetone,  drums lb. 

Alcohol.denatured,  complete,  gal. 

Ethyl,  190  proof,  bbls... gal. 

Amyl  Acetate gal. 

Camphor,  Jap,  refined,  cases  .lb. 
Carbon  Bisulfide,  c/1 lb. 

Tetrachloride lb. 

Chloroform,  U.  S.  P.,  drums,  .lb. 

Creosote,  U.  S.  P lb. 

Cresol,  U.S.  P lb. 

Dextrin,  com 100  lbs. 

Imported  Potato lb. 

Ether,  U.S.  P.,  100  lbs lb. 

Formaldehyde,  bbls lb. 

Glycerol,  dynamite,  drums. .  .lb. 

Methanol,  pure,  drums gal. 

Methylene  Blue,  med lb. 

Petrolatum,  light  amber lb. 

Pyridine gal. 

Starch,  corn,  pow'd 100  lbs. 

Potato,  Jap lb. 

Sago lb. 


3.38 

12.78 
.72 


3.38 

12.78 

.72 

.26 
.28 


•.50 

•.50 

.im 

.12 

1.55 

1.55 

.35 

.35 

.83 

.83 

•.29 

•.29 

.25 

.25 

.46 

.46 

4.75 

4.75 

4.50 

4.50 

3.17H 
12.05 
.72 


•.48« 
.13>i 


4.70 
2.50 


.40 

.40 

.40 

.25 

.25 

.25 

4.09 

3.84 

3.09 

.07H 

.07}i 

.09 

.13 

.13 

.13 

.11 

.11 

.16 

.16H 

.163^ 

.16>i 

1.00 

1.00 

1.35 

2.25 

2.25 

2.25 

.04H 

.04H 

.03% 

6.00 

4.50 

2.75 

3.69 

3.44 

% 

2.47 

.06 

.09 

•  oeji 

^3 

^1 

I920 

1921                  1                  1922 

1923                1 
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OILS,  WAXES,  ETC. 


Nov.  15         Jan.  1923 


Beeswax,  pure,  white lb 

Cutor  Oil,  No.  3 lb 

Ceresin,  yellow lb, 

Corn  Oil,  crude,  tanks,  mills... lb, 
Cottonseed  Oil,  crude,  (.  o 


niU. 


.lb 


.lOK 


Linseed  Oil,  raw,  lc/1 gal 

Menhaden  Oil,  crude,  mills.,  .gal 

Neafs-foot  Oil,  20° lb 

ParafiSn,  I2S-130  m.  p.,  ref lb 

Rosin,  "F"  grade,  2S0  lbs bbl 

Rosin  Oil,  first  run gal 

SheUac,  T.  N lb 

Sperm     Oil,    bleached     winter, 

38° gal. 

Stearic  Acid,  double  pressed.,  .lb, 

TaUow  Oil,  acidless lb 

Turpentine,  spirits  of gal 


Aluminium,  No.  1,  ingots lb. 

Antimony,  ordinary 100  lbs. 

Bismuth lb 

Copper,  electrolytic lb 

Lake lb 

Lead,  N.  Y 100  lbs 

Nickel,  electrolytic lb. 

Platinum,  refined,  soft oz. 

Quicksilver,  flask 75  lbs 

Silver,  foreign oz. 

Tin 

Tungsten  Wolframite per  unit 

Zinc,  N.y 100  lbs. 


.25    , 
8.50 
2.75 

.12H 

.125i 
6.75 

.29 
116.00 
61.00 

.63}^ 

8.50 
6.65 


.25 
9.25 
2.75 

.13H 

.13H 
6.75 

.29 
116.00 
61.00 

.63Ji 

8.50 
6.80 


FEBTILIZES  MATEEIALS 


Ammonium  Sulfate,  expt.lOO  lbs. 
Blood,  dried,  f.  o.  b.  N.  Y. .  .unit 
Bone,  3  and  50.  ground,  raw. .ton 
Calcium    Cyanamide,    unit    of 

Fish  Scrap,  dried,  wks unit 

Phosphate  Rock,  f.  o.  b.  mine: 

Florida  Pebble,  68% ton 

Florida,  70% ton 

Florida,  74-75% ton 

Tennessee,  72% ton 

Potassium  Muriate,  80%. . .  .unit 
Tankage,   high-grade,   f.   o.   b. 
Chicago unit 


COAL-TAB  CHEMICALS 
Crudes 

Anthracene,  80-85% lb.  .76 

Benzene,  pure,  tanks gal.  .23 

Naphthalene,  flake lb.  .06M 

Phenol,  drums lb.  .26 


.13 

.08H 
.09Ji 


10 

.10 

.0954 

92 

.90 

.87 

ir}4 

.50 

.53 

16J4 

.16H 

.18H 

04 

.04 

.04 

80 

5.80 

6.25 

43 

.43 

.45 

62 

.62 

.80 

S9 

.99 

1.03 

13 

09^ 

.13 

.lOH 

.12H 
.IIH 

.23 

6.75 

2.75 
.145i 
.14Ji 

7.80 

.36 

118.00 

73.00 

.63 

.39 

7.50 

8.26 


3.40 

3.40 

3.90 

4.00 

4.00 

4.70 

'5.00 

25.00 

28.00 

2.25 

2.25 

2.25 

4.10 

4.10 

5.35  & 

10 

3.25 

3.25 

3.00 

3.55 

3.55 

3.55 

4.50 

4.50 

4.50 

5.50 

5.60 

5.25 

.68 

.68 

.68 

75&  .10     3.75&  .10     4.75  & 

.10 

.06H 

.26 


.06H 
.32 


Crudes     (concluded) 

Toluene,  pure,  tanks gal. 

Xylene,     2    deg.    dist.    range, 

drums gal. 

Intermediates 
Acids: 

Anthranilic lb. 

Benzoic,  tech lb. 

Cleves lb. 

Gamma lb. 

H lb. 

Metanilic lb. 

MonosuUonic  F lb. 

Napbthionic,  crude lb. 

Nevilt  &  Winther's lb. 

Picric lb. 

SulfaniUc lb. 

Tobias' lb. 

Aminoazobenzene lb. 

Aniline  Oil lb. 

Aniline  Salt lb. 

Anthraquinone  (sublimed) lb. 

Benzaldehyde,  tecb lb. 

U.S.  P lb. 

Benzidine  Base lb. 

Benzidine  Sulfate lb. 

Diaminopbenol lb. 

Dianisidine lb. 

p-Dichlorobenzene lb. 

Diethylaniline lb. 

Dime  tbylani  line lb. 

Dinitrobenzene lb. 

Dinitrotoluene lb. 

Diphenylamine lb. 

G  Salt lb. 

Hydroquinol lb. 

Monochlorobenzene lb. 

Monoethylaniline lb. 

t-Naphthol,  dist lb. 

a-Naphtbylamine lb. 

^-Naphtbylamine lb. 

m-Nitroaniline lb, 

p-Nitroaniline lb. 

Nitrobenzene  (Oil  Mirbane)..  .lb. 

^Nitrophenol lb. 

o-Nitrotoluene lb. 

p-Nitrotoluene lb. 

m-Pbenylenediamine lb. 

^-Phenylenediamine lb. 

Pbtbalic  Anhydride lb. 

RSalt.; lb. 

Resorcinol,  tecb lb. 

U.  S.  P lb. 

Scbaeffer's  Salt lb. 

Sodium  Napbtbionate lb. 

Thiocarbanilide lb. 

Tolidine  (base) lb. 

Toluidine,  mixed lb. 

o-ToIuidine lb. 

p-ToIuidine lb. 

m-Toluylenediamine lb. 

Xylidine lb. 


Vol.  15,  No.  12 

Nov.  13  Jan.  1923 

.26  .30 

.50  — 


.70 

.70 

.66 

1.00 

1.00 

1.25 

1.70 

1.70 

1.85 

.75 

.75 

.80 

.60 

.60 

.60 

2.30 

2.30 

2.30 

.62 

.62 

.60 

1.15 

1.15 

1.16 

.25 

.25 

.30 

.20 

.20 

.IS 

1.10 

1.10 

1.30 

1.15 

1.15 

1.15 

.16H 

.16^ 

.17 

.24 

.24 

.26 

1.30 

1.30 

1.30 

.76 

.75 

.66 

1.50 

1.50 

1.40 

.82 

.82 

.84 

.70 

.70 

.70 

3.80 

3.80 

3.75 

4.60 

4.60 

4.50 

.17 

.17 

.17 

.19 

.19 

.20 

.48 

.48 

.50 

.55 

.55 

.60 

.25 

1.25 

1.06 

.10 

.10 

.10 

.00 

1.00 

1.00 

.26 

.26 

.26 

.35 

.35 

.29 

.75 

.75 

.72 

.09 

.09 

.10 

.50 

.50 

.65 

.96 

.96 

1.00 

1.45 

1.45 

1.50 

.25 

.25 

.35 

.55 

.55 

.55 

1.40 

1.40 

1.50 

2.25 

2.25 

2.00 

.90 
.50 


^20 
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1920 
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ratus        1270 

HoRSTKOTTE.  E.  H.     Using  Excess  Power  to  Save  Coal.     Electrical 
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Manganates  and  Permanganates.  II — The  Effect  of  Compo- 
sition. Temperature,  and  Moisture  on  the  Reactions  Involved  in 
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Jacques,  A.  G.  and  E.  C.  Bingham.     Some  Factors  Which  Affect  the 

Plasticity  of  a  Paint 1033 

Jamieson.    G.     Chemical   Technology   and   Analysis  of  Oils,    Fats, 

and  Waxes,  by  Lewkowitsch.      (Book  Review) 762 
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1301 


INDUSTRIAL  AND  ENGINEERING  CHEMISTRY 


Vol.  15,  No.  12 
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Kingsbury,  P.  C.     The  Application  of  Research  to  Plant  Problems 
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KOBER,  P.  .\.     The  Use  of  Dyes  as  Temperature  Indicators 837 

Kohman.  E.  F.     Oxygen  and  Perforations  in  Canned  Fruits 527 
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Leech,  P.  N.     Van  Nostrand's  Chemical  Annual.     Edited  by  Olsen. 
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Meets.     Washington  Notes 

Alkali: 

Amalgams,   Electro-Preparation  of  Solid — in      Quantity.     P.    M. 
Giesy  and  J.  R.  Withrow 

Disintegration  of  Concrete  by.     Canadian  Letter 

Electrolytic  Production  of  Acid  and — from  Sodium  Sulfate  Solu- 
tions.    H.  V.  Atwell  and  Tyler  Fuwa 

Solution,   Concentrated,   Note  on   Dispensing  Bottle  for.     W.   J. 

Geldard 

Allied    Chemical   and    Dye   Corporation.     The   American   Chemical 

Prize.     Editorial 

Cerium  in  Aluminium  Alloys.     H.  W.  Gillett  and  V.  H.  Schnee .  .  . 

Wrought  Nonferrous — in  1922.     W.  H.  Bassett 

Aluminium  Sulfate  Solutions,  Influence  of  Properties  of — on  Evapora- 
tion.    W.  L.  Badger  and  J.  S.  France 

Amalgams,   Solid   Alkali.   Electro-Preparation  of — in   Quantity.     P. 

M.  Giesy  and  J.  R    Withrow 

"America  First."     H   W.  Wiley,  W.  A.  Noyes 

American  Academy  of  Arts  and  Sciences:  Makes  Grant.     Note.  . 

American  and  Greek  Life.     Parallels.     Editorial 

American  Association  for  the  Advancement  op  Science:  Com- 
mittee on  Photosynthesis 

American  Association  of  Cereal  Chemists:     Meeting  in  Chicago, 

week  of  June  3,  1923 

American    Association    of    Textile    Chemists    and    Colorists: 

2nd  Annual  Meeting,  New  York,  December  2,  1922 

American  Biochemical  Society:     Officers  for  1923 

American  Ceramic  Society:  25th  Anniversary  Convention,  Pitts- 
burgh, Pa..  February  12  to  16,  1923 

American  Chemical  Prize.     Editorial . 

American  Chemical  Society; 

Appeal  for  Opinions.     Editorial .  . 

Classified  Membership.     Editorial .  .  - 

Divisions.     See  Divisions  and  Sections. 

Exhibit  at  the  Ninth  National  Exposition  of  Chemical  Industries. 

Journals  Wanted  in  Austria.-    Note..' 

Local  Sections.     See  Local  Sections. 

Meeting  Programs.     Editorial 

Milwaukee  Meeting.     See  Milwaukee  Meeting. 

New  Haven  Meeting.     See  New  Haven  Meeting. 

Officers  for  1923.     Editorial 

Supplemental  Meetings.     Editorial 

Washington  Meeting.     See  Washington  Meeting. 
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American  Contemporaries:  88,  194,  314,  424,  531,  648,752,  863, 

974,  1088, 1194, 

American  Electrochemical  Society: 

43rd  Meeting,  New  York,  May  3  to  5,  1923 

44th  Meeting,  Dayton.  Ohio,  September  27  to  29,  1923: 

Announcement 

Report 

Suggestions  for  Research.     Editorial 

American    Institute    of    Chemical    Engineers:     15th    Annual 

Meeting,  Richmond.  Va.,  December  6  to  9,  1922.      Report 

American  Leather  Chemists  Association: 

Convention  at  White  Sulphur  Springs,  W.  Va.,  June  7  to  9,  1923: 

Announcement 

Report. 

American    Pharmaceutical    Association:     Grants    for    1923-24. 

Note 

American   Rolling   Mill   Company,   Earning   Power  of   Research   as 

Demonstrated  by  the  Experience  of.     D.  M.  Strickland 

American    Society    op    Mechanical    Engineers:     Museum    for. 

Washington  Notes 

American  Society  op  Steel  Treating;     Officers 

Ammonia  Works,  Government  (French).     Paris  Letter 

Analysis,  Volumetric,  New  Method  of.     Paris  Letter 

Animals,  Reproduction  of — on  an  Exclusive  Diet  of  Bread.     C.  Hoff- 

Anthracene: 

Catalytic  Oxidation  of — to  Anthraquinone.     C.  E.  Senseraan  and 

O.  A.  Nelson 

Equations  for  Vapor  Pressures  and  Latent  Heats  of  Vaporization 
of    Naphthalene, — Phenantlirene,    and    Anthraquinone.     O.    A. 

Nelson  and  C.  E.  Senseman 

Vapor  Pressures  of  Some  Substances  Found  in  Coal  Tar.      F.  S. 

Mortimer  and  R.  V.  Murphy 

Anthraquinone,  Equations  for  Vapor  Pressures  and  Latent  Heats  of 
Vaporization    of    Naphthalene,   Anthracene,    Pbenanthrene,   and. 

O.  A.  Nelson  and  C.  E.  Senseman 

Apparatus; 

Absorption,    Some    Factors    Influencing    the    Design    of.     R.    T. 

Haslam,  W.  P.  Ryan,  and  H.  C.  Weber 

Conference  on  Scientific  Instruments  and 

Machine- Made.     Minimizing  Human  Error.     Editorial 

Supplies  and.     Questions  and  Answers 

(See  also  name  of  piece) 
Architect  of   Lincoln   Memorial   Honored.     Blow   the   Bugle.     Edi- 
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640 


1191 

78 

431 
1195 

101 
1091 


621 
1140 


torial . 


Arsenic: 

Expression  of  Quantity  of  Water  Soluble — Present  in  Commercial 
Lead  Arsenates.     C.  A.  Klein  and  W,  Hulme 

Phosphorus  and  Separation  of — from  Vanadium.     H.  A.  Doemer. 

Recent  Developments  in  the  Organic  Chemistry  of.     W.  L.  Lewis. 
Arsphenamine  Industry,  Development  of  American.     G.  W.  Raiziss. 
Artificial  Silk.  See  Silk. 
Asbestos  Fiber,  Simple  Device  for  the  Rapid  Preparation  of.     H.  L. 

Johnson 

Asphalt  Grades,  Reduction  of  Number.     Note 

Association    of     Official    Agricultural    Chemists:     Meeting, 

Washington,  D.  C,  November  19  to  21,  1923 

Atmospheric  Pollution  by  Industrial  Wastes.     R.  E.  Swain 

Authors: 

Cooperation 

Suggestions  to 

Autoclave,  Collapse  of.     W.  P.  Mason 

Automotive  Industry.     Editorial 

Babbitt  Metal,  Methods  of  Chemical  Analysis  of.     Approved  by 


224 
1069 
735 
443 


A.  E.  S.  C. 


Bacon,  Henry,  Awarded  Medal.     Blow  the  Bugle.     Editorial 

Bacteria  and  the  Chemist.     A.  I.  Kendall 

Baking  Industry,  Earning  Power  of  Research  as  Exemplified  in.     I. 

K.  Russell 

Banting,  F.  G.     Nobel  Prize 

Barium    Chloride,    Action    of — on   Sulfate   in   Fused   Salts.     H.    E. 

Batsford 

Barrel  Linings,  Control  of  the  Gelling  Point  of  Glue,  with  Specific 

Application  to  Drying — in  Hot  Weather.     R.  E.  Wilson  and  W.  B. 

Ross 

Bases  and  Acids,  Titration  Curves  for  Some  Common — as  Deter- 
mined by  the  Hydrogen  Electrode.  C.  E.  Davis,  E.  T.  Oakes,  and 
H.  M.  Salisbury 

Beakers  and  Flasks,  Dimensions  of.     Note 

Benzene;  Vapor  Pressure  of  Volatile  Solvents.  R.  E.  Wilson  and 
E.  P.  Wylde 

Beverages: 

Carbon  Dioxide  Content  of.     A  Rapid  Method  for  Determination 
of  Carbon  Dioxide  in  Lightly  Carbonated  Beverages.     Joseph 

Cannizzaro 

Methyl  Anthranilate  in  Grape — and  Flavors.     R    D.  Scott 

Bibliography  of  Bibliographies  on  Chemistry.        Washington  Notes. 

Bleach  Requirement  of  Pulps,  Investigation  of  the  Hypobromite 
Method  for  Determining.     T.  M.  Andrews  and  M.  W.  Bray 

Boll  Weevil,  Department  of  Agriculture  Fights.     Washington  Notes. 

Bone  Black,  Decolorizing  Action  of.     P.  M.  Horton 

Book  Reviews.     See  end  of  this  section. 

Books,  New:     106,  216,  326,  436,  546,  656,  766,  876.  986.  1095,  1204, 

Books:     Popular — in  Science.     Editorial 

Rare.     Collection  in  Chemists'  Club  Library 
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Bordeaux  Mixtures: 

Chemical,  Physical,  and  Biological  Properties  of.     O.  Butler 1039 

For  Wine-Growers'  Use,     Paris  Letter 759 

Powdered.     R.  H.  Robinson 941 

Brady,  William.      Obituary.      L.P.Chase 760 

Bread: 

Chemist  Enters  a  New  Industry.     H.  E.  Barnard 449 

March     of     Hydrogen-Ion     Concentration     in — Doughs.     C.     H. 

Bailey  and  R.  C.  Sherwood 624 

Symposium.     See  Milwaukee  Meeting. 

Value  of  Sweet  Potato  Flour  in— Making.      H.  C.  Gore 123S 

Bricklayers  and  Chemists.      D.  Davidson,  H.  W.  Jordan 42S 

Brown.  Robert,  and  the  Discovery  of  the  Brownian  Movement.     L, 

C.  Newell 1279 

Browne,  C.  A.,  to  Head  Bureau  of  Chemistry.      Washington  Notes ..  .        S66 
Bubble  Meters  for  Very  Small  Rates  of  Gas  Flow.     Tyler  Fuwa  and 

G.  A.  Shattuck 230 

Building    Materials,    Protection    of    Concrete    and    Other — against 

Water  and  Noxious  Fumes.     Maxmilian  Toch 665 

Bureau  of  Chemistry: 

C.  A.  Browne  to  Head.     Washington  Notes 866 

Color  Laboratory.  Work  of.     J.  A.  Ambler 970 

Conference.     Washington  Notes 541 

Testing  of  Chemicals  in — from  1920  to  1923.     G.  C.  Spencer 1281 

Bureau  of  Mines: 

Lind,  S.  C,  Becomes  Chief  Chemist 647 

Rutgers  College  Station.    Editorial,  554;  Washington  Notes 651 

Bureau  op  Standards: 

Explosion  at.      Note 1081 

George  K.  Burgess  Heads 616 

Burner,  Multiple  Laboratory.     F.  C.  Vilbrandt 72 

Butanol,  Acetone,  and  Ethanol  in  Gas  from  the  Butyric  Fermentation 

of  Corn.      A.  L.  Davis 631 

Butter  and  Oleomargarine,  Rapid  Method  for  the  Determination  of 

Salt  in.      F.  F.  Flanders ISl 

Book  Reviews:  103,  193,  203,  212,  305,  322,  434,  528,  542,  652,  761, 

871,981,  1093,1202,     1292 

American  Fuels,  by  Bacon  and  Hamor.     W.  H.  Blauvelt 214 

American  Petroleum  Refining,  by  Bell.     C.  K.  Francis 983 

Analysis  of  Rubber,  by  Tuttle.     S.  Collier 543 

A.  S.  T.  M.  Tentative  Standards,  1922 103 

Atomic    Structure    and    Spectral    Lines,    by    Sommerfeld.     Saul 

Dushman 1093 

Betriebsverrechnung  in  der  Chemischen  Grossindustrie,  by  Hem- 

pelmann.      J.  R.  Withrow. 1203 

Blanchiment,  Teinture,   Impression,  Appretes,  by  Lederlin.      M. 

R.  Moffatt 763 

Briquetting,  by  Stillman.      O.  P.  Hood 528 

Bureau  of  Mines,  Its   History,   Activities,  and   Organization,  by 

Powell 544 

By-Product  Coking,  by  Cooper.     A.  A.  Kohr 982 

Causes     and     Prevention     of     Corrosion,     by     Pollitt.       R.      E. 

Wilson 1292 

Chemical  Engineering  Catalog.  7th  Annual  Edition 104 

Chemical    Engineering    Catalog,    Sth    Annual    Edition,    edited  by 

Turner 1203 

Chemical  Engineering  Library,  compiled  by  Benn  Bros 104 

Chemical  Examination  of  Water.  Sewage,  and  Foods,  by  Purvis  and 

Hodgson.      G.  D.  Beal  and  A.M.  Buswell 212 

Chemical   Resistance  of   Engineering   Materials,   by  Hamlin  and 

Turner.     F.  W.  Willard 1292 

Chemical  Technology  and  Analysis  of  Oils,  Fats,  and  Waxes,  Vol. 

Ill,  by  Lewkowitsch.     G.  Jamieson 762 

Chemische-Technische     Vorschriften. 
chemischen    Technologie   insbesonde 
und  verwandte  technische  Betriebe  e 
Gebieten  der   chemische 


Handbu 


spezialle 
*e  tiir  chemische  Fabrike 
nthaltende  Vorschriften  au 
chnologie   mit    umfassende 


Band     I — Metalle     und     Minerale 


by 


Literaturnach 

Lange.     C.  J.  West         

Chemische  Technologie  des  Steinkohlenteers,  by  Weissgerber.     W. 

O.  Emery 

Chemistry  of  Leather  Manufacture,  by  Wilson.     H.  R.  Procter.  .  . 
Coal  and  Allied  Subjects.      Being  Bulletins  1  to  10  of  the  Lancashire 

and  Cheshire  Coal  Research  Association,  1918  to  1921,  Inc.,  by 

Sinnatt  and  Associates 

Comprehensive  Treatise  on  Inorganic  and  Theoretical  Chemistry. 

Vol.  Ill — Copper,  Silver,  Gold,  Strontium,  Barium,  by  Mellor. 

Graham  Edgar 

Destructive  Distillation  of  Wood,  by  Bunbury.     C.  J.  West 

El  -"Vrte  de  Los  Metales,  translated  from  the  Spanish  of  Barba  by 

Douglass  and  Mathewson.      C.  A.  Browne 

Engine-Room  Chemistry,  by  Gill.     D.  K.  French 

Etude  sur  la  Tannerie  et  les  Industries  connexes  au  Maroc,  by 

Ziegler.     Thomas  Blackadder 

Examination  of  Hydrocarbon  Oils  and  of  Saponifiable  Fats  and 

Waxes,  by  Holde,  translated  by  Muellers.     A.  H.  Gill 

Fabrikation  von  Leim  und  Gelatine,  by  Thiele.     J.  Alexander.  .  .  . 
Farberei-  und  Textilchemische  Untersuchungen,  by  Heermann.    F. 

S.  Beattie 

Fire  Losses — Locomotive  Sparks,  by  Wallace 

Flow  of  Gases  in  Furnaces,  by  Grourae-Grjimailo,  translated  by 

WilUams.      R.  E.  Wilson 

Forest  Resoin-ces  of  the  World,  Vols.  I  and  II,  by  Zon  and  Spar- 
hawk.     L.  F.  Hawley 

Gas  Manufacture,  by  Davidson.      R.  S.  McBride 

Gasworks  Recorders,  Their  Construction  and  Uses,  by  Levy.     A. 

C.  Fieldner 

Gelatin  in  Ptiotography. 
Glue  and  Gelatin,  by  Al 
Handbuch   der   Sacchari 

Beyer.     Jules  Bebie.. 
Heat    Transmission    through    Wall: 

Griffiths.     E.  C.  Rack 

Industrial  Filtration,  by  Wright.      D.  R.  Sperry 

Industrial  Organic  Chemistry,  by  Sadtler.     J.  F.  Norris 

Kent's  Mechanical  Engineers'  Handbook.     L.  W.  Wallace 

Liquid  Fuel  and  Its  Apparatus,  by  Booth.      W.  F.  Faragher 

LuttstickstofSndustrie,  mit  besonderer    Berlicksichtigung   der   Ge- 

winnung  von  Ammoniak  and  Saltpetersaure,  by  Waeser.      A,  B. 

Lamb 

Manufacture    of    Acids    and    -41kaUes,    by    Lunge.       Vol    I — Raw 

Materials  for  the  Manufacture  of  Sulphuric  Acid  and  Sulphiu: 

Dioxide,  by  Wyld.     Vol.  V. — The  Manufacture  of  Hydrochloric 

Acid  and  Salt-Cake,  by  Cumming.     A.  E.  Marshall 


Vol.  I,  by  Sheppard.      W.  D.  Bancroft.  . 

inder.     S.  E.  Sheppard 

Fabrikation   (Benzoesaure  Sulfinid),  by 

Concretes,  and  Plasters,   by 
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874 

1094 
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543 
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103 


Material   Handling   Cyclopedia,   edited  and   compiled  by   Wright, 

Little,  Augur,  and  seven  others 

Metals  and  Metallic  Compounds,  by  Evans.     C.  W.  Baike 

Metals  and  Their  Alloys,  by  Vickers.      H.  W.  Gillett 

Method  for  the  Identification  of  Pure  Organic  Compounds,  Vol. 

IV,  by  Mulliken.      H.  T.  Clarke 

Modem  Gasworks  Chemistry,  by  Weyraan.      A.  C.  Fieldner 

Modem  Industrialism,  by  McVey.     W.  S.  Landis 

Motor  Fuels,  Their  Production  and  Technology,  by  Leslie.     D.  B. 

Keyes 

Nitrogen  Industry,  by  Partington.     R.  C.  Tolman 

Notes  on  Technical  Ore  Analysis,  by  Low.      E.  L.  Mack 

Official  Directory  of  Members  of  the  Association  of  British  Chemi- 
cal Manufacturers  with  Classified  List  of  Their  Manufactures.  . . 

Ole  und  Fette  in  der  Textilindustrie,  by  Herbig.      F.  S.  Beattie 

Patents — Law  and  Practice,  published  by  Richards  &  Geier,  Patent 

Attorneys.     D.  B.  Keyes 

Petroleum  and  Allied  Industries,  by  Kewley.     R.  F.  Bacon 

Phase  Rule  and  Its  Applications,  by  Findlay.     G.  W.  Morey 

Physical   and    Chemical    Examination   of   Paints,   Varnishes,   and 

Colors,  by  Gardner.     F.  E.  Ware 

Plastics  and  Moulded  Electrical  Insulation,  by  Hemming.     E.  C. 

Bingham 

Premier  Rapport  de  la  Commission  Internationale  des  Elements 

Chimiques.     Saul  Dushman 

Principles    of    Chemical     Engineering,    by    Walker,    Lewis,    and 

McAdams.      M.   C.  Whitaker 

Production   and    Measurement   of   High   Vacuum,   by   Dushman. 

John  Johnston 

Properties  of  Electrically  Conducting  Systems,  by  Kraus.     P.  E. 

Landolt 

Reign  of  Rubber,  by  Geer.     Theodore  Whittlesey 

Report  of  the  Committee  of  the  Privy  Council  for  Scientific  and 

Industrial   Research.     J-  D.  Thompson 

Reports  of  the  Progress  of  Applied  Chemistry,  Issued  by  the  Society 

of  Chemical  Industry,     Vol.  VII.     R.L.Emerson 

Researches  on  Cellulose,  IV,  by  Cross  and  Doree.     S.  A.  Mahood. . 

Riddle  of  the  Rhine,  by  Lebefure.      G.  A.  Rankin 

Romance  of  the  Gas  Industry,  by  Norman.     J.  B.  Garner 

Rothamsted    Experimental    Station.     Reminiscences,    Tales,    and 

Anecdotes,  by  Grey.      F.  B.  Power 

Spectroscope  and  Its  Uses  in  General  Analj^ical  Chemistry,  by 

Baker.      J.  H.  Mathews 

Standard  Methods  of  Chemical  Analysis,  edited  by  Scott.      G.  E.  F. 

Lundell 

Standard  Specifications  for  Laboratory  Apparatus  Adopted  by  the 

Manufacturing    Chemists'    Association    of    the    United    States. 

Part  I.  Graduates  and  Thermometers.      W.  D.  Collins 

Surface  Tension  and  Surface  Energy  and  Their  Influence  on  Chemi- 
cal Phenomena,  by  Willows.     E.  W.  Washburn 

Symbol  of  Safety,  by  Brearley.      A.  E.  Marshall 

Synthetic  Coloring  Matters:     Vat  Colors,  by  Thorpe  and  Ingold. 

E.  K.  Bolton 

Synthetic  Resins,  by  Ellis.      F.  B.  LaForge 

Taschenbuch  fiir  die  Farben  und  Lackindustrie,  published  by  Wolff 

and  Schlick 873. 

Technical  Analysis  of  Steel  and  Steel-Works  Materials,  by  Sisco. 

G.  E.  F.  Lundell 

Tested  Method  of  Laboratory  Organization,  by  Pile  and  Johnston. 

C.  E.  K.  Mees 

Tested  Methods  of  Non-Ferrous  Metallurgical  Analysis,  by  Pile 

and  Johnston 

Textbook  of  Filtration,  by  Bryden  and  Dicky.     D.  R.  Sperry 

Thermodynamics  and  the  Free  Energy  of  Chemical  Substances,  by 

Lewis  and  Randall.      A.  A.  Noyes 

Trade    Association    Activities,    published    by   the    Department   of 


Trade-Marks — Trade  Names,  Unfair  Competition,  published  by 
Richards  &  Geier,  Patent  Attorneys.      D.  B.  Keyes 

Twelve-Hour  Shift  in  Industry,  by  the  Committee  on  Work  Pe- 
riods in  Continuous  Industry  of  the  Federated  American  Engi- 

■     neering  Societies.     H.  W.  Jordan 

Van  Nostrand's  Chemical  Annual,  edited  by  Olsen.     P.  N.  Leach.  . 

Warmewirtschaftsfragen.  Monographien  zur  Feuerungstechnick, 
Heft  5,  by  Litinsky.      G.  R.  Greenslade 

Wave  Length  Tables  for  Spectrum  Analysis,  by  Twyman.  P.  D, 
Foote 

White  Lightening,  by  Lewis.     W.  R.  Smith 

Wood  Distillation,  by  Hawley.      W.  E.  Lummus 

Yearbook  of  the  American  Engineering  Standards  Committee 

Yearbook  of  the  American  Pharmaceutical  Association,  1921 

Calcium  Arsenate.     Washington  Notes 100, 

Calcium  Cyanamide,  Preparation  of  Dicyanodiamide  from.     H,  C. 

Hetherington  and  J.  M.  Eraham 

Calcium   Hydroxide,    Total   Available — in   Hydrated    Lime.     A.   S. 

Behrman  and  F.  R.  Porter 

Calendar  of  Meetings:  93,210,  318,  370,  631,  649,  753,  865,  976. 
1089,   1195, 

CAI.FSKIN: 

Pancreatin  as  an  Unhairing  Agent.     J.  A.  Wilson  and  A.  F.  Gallun, 

Points  of  Minimum  Plumping  of.     J.  A.  Wilson  and  A.  F.  Gallun, 

Caliche,  Efficient  Recovery  of  Nitrates  from.     J.  W.  Turrentine 

Camera  for  Photographing  Maps,  etc.,  at  Department  of  Interior. 

Note 

Campbell,  W.  G.,  Director  of  Regulatory  Work,  Department  of  Agri- 
culture.    Washington  Notes 

Canada: 

Chemists  in.     Canadian  Letter 

Meeting  of  Canadian  Institute  of  Chemistry  and  Canadian  Section 
of  Society  of  Chemical  Industry 

New  Patent  Act  in.     C.  L.  Jenks 

Production  of  Chemicals  during  1922.     Canadian  Letter 

Pulp  and  Paper  Industry 

Canadian  Letter 43,758,979, 

Cane  Juices,  Phosphoric  Acid  in.     Herbert  Walker 

Canvas.     See  Cotton  Duck. 

Caramel   in  Sugar   Products,   Estimation  of.     Crit.cisn   of   Ehrlich 

Method.     G.  P.  Meade 

Carbazol: 

Vapor  Pressure  of — ,  Observed  and  Calculated.  C.  E.  Senseman 
and  O.  A.  Nelson 
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Vapor  Pressures  of  Some  Substances  Found  in  Coal  Tar.     F.  S. 
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Earthquake,  Effects  oL     Paris  Letter 1199 

Editorial 1102 

(See  also  Tokyo  Letter) 
Jelly; 

Jellying  of  Sorghum  Sirup.     Effect   of   Malt   Diastase   upon  the 

Filtration  of  Sorghum  Juice.     Sidney  F.  Sherwood 780 

Jelly-Strength  Tester,   Plunger,  A  Preliminary  Study  of.     S.   E. 

Sheppard  and  S.  S.  Sweet 571 

Relation  of  Alcohol  Precipitate  to  Jellying  Power  of  Citrus  Pectin 

Extracts.     Ruth  Johnstin  and  M.  C.  Denton 778 

Jet  Apparatus.     London  Letter 432 

Johns  Hopkins  University,  New  Laboratory.     Note 322 

Journal  Articles,  Recent 106,  216,  326,  436,  546, 656, 766,  876,       986 

Journal.  New 436 

Journal  of  Physical  Chemistry.     Editorial  Board 320 

Kauri  Copal,  Notes  on  the  Oil  from.  A.  H.  Gill  and  D.  Nishida.  .  1276 
Kelp,   Potash  from.      VII — The  Manufacture  of   Potash    Salts.     J. 

W.  Turrentine,  H.  G.  Tanner,  and  P.  S.  Shoaff 159 

Ketones  and  Propionic  Acid  from  Whey.      E.  L.  Whittier  and  J.  M. 

Sherman 729 

Key  Industries  Act.      London  Letter 1200 

Kreis  Test,  Quantitative  Aspects  of.     G.  E.  Holm  and  G.  R.  Green- 

bank 1051 

LABORATORIES,  New: 

Harvard,  Gift  for 979 

Johns  Hopkins 322 

Michigan.     A.  H.  White 643 

Missouri 1085 

Yale,  SterUng  Chemistry.     B.  B.  Boltwood 462 

Laboratory; 

Purchases.     Editorial 332 

Table-Top  Materials.     C.  R.  Hoover 569 

Labor,  Division  of.      Editorial 552 

Lactose,  Pipet  for — Determination  in  Milk.     E.  G.  Mahin 943 

Lead: 

As  a  Material  for  Chemical  Equipment.     G.  O.  Hiers 467 

Containers,  Hints  as  to  the  Durability  of.     German  Letter 1092 

Lead    Arsenates,    Commercial,    Expression   of    Quantity    of   Water- 

Soluble  Arsenic  Present  in.     C.  A.  Klein  and  W.  Hulme 745 

Leadership.     Editorial 443 

Lea,  M.  Carey— Chemist 1018 

Leather; 

Analysis  of  Chrome-Tanned  Leather.     Ernest  Little  and  Elmer 

Sargent 633 

Concentration  Factor  in  the  Combination  of  Tannin  with  Hide 

Substance.     A.  W.  Thomas  and  M.  W.  Kelly 928 

Conditions  Affecting  the  Hydrolysis  of  Collagen  to  Gelatin.     R.  H. 

Bogue 1154 

Direct  Determination  of  the  Plumping  Power  of  Tan  Liquors.     J. 

A.  Wilson  and  A.  F.  Gallun,  Jr 376 

Electrical  Charge  of  Vegetable  Tannin  Particles.     A.  W.  Thomas 

and  S.  B.  Foster 707 

Gelatin-Tannin  Reaction.     A.  W.  Thomas  and  Alexander  Frieden.        839 
Influence  of  Hydrogen-Ion  Concentration  in  the  Fixation  of  Vege- 
table Tannins  by  Hide  Substance.      A.  W.  Thomas  and'  M.  W. 

Kelly 1148 

Influence  of  Neutral  Salts  upon  the  Fixation  of  Tannin  by  Hide 

Substance.     A.  W.  Thomas  and  M.  W.  Kelly 1282 

Investigations.      Washington  Notes 100 

Pancreatin  as  an  Unhairing  Agent.     J.  A.  Wilson  and  A.  F.  Gallun, 

Jr 267 

Restrictions,  Chemists  Cause — to  Be  Removed 759 

Specifications.     Washington  Notes 978 

Tanning  Materials,  Report  on.     Washington  Notes 1287 

Wearing  Qualities  of  Shoe  Leathers.     Note 1069 

Lemon  Juice,  Effect  of  Dialysis  on  Direct  Crystallization  of  Citric 

Acid  from.     H.  D.  Poore 775 

Levo-Mentfaone,  Occurrence  of — in  Pine  Oil.     A.H.Gill 887 

Library,  Central — of  Chemistry.     Editorial 4 

Library  of  Chemists'  Club,  Needs  of 98 

Licensing  Laws.     Editorial 4 

Light; 

Control  of  Industrial  Processes  By  Light-Sensitive  Means.     Lloyd 

Logan 40 

Influence   of — on    Inorganic    Matter   and    Life   Processes.     Oskar 

Baudisch 451 
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LignoccUulose.     See  Cellulose. 
Lime: 

Better.     Washington  Notes 

Hydrated.  Total  Available  Calcium  Hydroxide  in.     A.  S.  Behrman 

and  F.  R.  Porter 

Manufacturers.  Census  of 

Use  of — in  the  Glue  and  Gelatin  Industry.     R.  H.  Bogue 

Lind,  S.  C,  Becomes  Chief  Chemist,  Bureau  of  Mines 

Linseed  Oil:     5ee  Oils. 
Liquids: 

Heavy  and  Corrosive,  Laboratory  Dispensing  Device  for.     A.  P. 

Harrison 

Pumping  of — in  Chemical  Plants.     Clark  S.  Robinson 

Lloyd,  John  Uri.     American  Contemporaries.     M.  H.  Fischer 

Local  Sections.  A.  C.  S.: 

Activities.       Pace  Makers.       Editorial 

Akron,  New  Section  at 

Congressmen  Informed.     A  Good  Beginning 

Hawaiian  Section  Would  Welcome  Visitors 295, 

Indiana:  Program 

Indiana  Section  Aids  Fire  Department 

Missouri:  Meeting 

Northeastern:      McBain  Tells  Boston  Chemists  about  Soap 

Officers  for  1923: 

Lexington 

Louisville 

New  Haven 

New  York 

Northern  Indiana 

South  Jersey 

Western  New  York 

Rochester;  Program 

Sjrracuse.     Editorial 

Washington  and  Maryland:  Joint  Meetings.      Washington  Notes. 

Washington:  Meeting.      Washington  Notes 

Western  New  York;  Program 

London  Letter 210,432,  S69,  980. 

Lubricants  and  Liquid  Fuels,  Specifications  for.     Washington  Notes. 

Lubricating  Oils.     See  Oils. 

Lubrication.     London  Letter 

MABERY,  Charles  Frederick.     American  Contemporaries.     A.  W. 

Smith 

"Magnesia"    Covering,    "85   Per  cent,"    An   Improved   Method    of 

Analysis  for.     H.  W.  Greider 

Malic  Acid,  Inactive — as  a  Food  Acidulent.     J.  M.  Weiss,  C.  R. 

Downs,  and  H.  P.  Corson 

Maltose,  Formation  of — in  Sweet  Potatoes  on  Cooking.     H.  C.  Gore. 
Manganates  and  Permanganates,  Studies  on.     II — Effect  of  Com- 
position, Temperature,  and   Moisture  on  the  Reactions  Involved 

in  the  Manufacture  of  Potassium  Manganate.     H.  I.  Schlesinger, 

V.  T.  Jackson,  and  E.  E".  Cordrey 

Manufacturers'  Technicai,  Publications:   106,  216,  327,  547,  657, 

767,  876,  987, 1205, 

Market  Report  108,  218,  328, 438,  548,  658,  768,  878,  988, 1098, 1208, 

McBain,  J.  W.,  Tells.Boston  Chemists  about  Soap 

Mcllhiney,  Parker  Cairns.     Obituary.     A.  H.  Sabin 

Med.'vl  Awards: 

Gibbs,  WiUard 

Nichols.     Thomas  Midgley,  Jr 

Perkin.     M.  C.  Whitaker 

Priestley.     Editorial 

Royal  Society.     Note 

Medicinal  Chemicals  in  1922.     J.  F.  Queeny 

Medicine,  Recent  Contributions  of  Chemistry  to.     E.  H.  Volwiler. .  . 

Mees,  C.  E.  K.      Chemists  in  High  Places.     Editorial 

Mellon  Institute,  Tenth  Annual  Report  on  the  Industrial  Fellow- 
ships of 

Melting  Point  Apparatus.     H.  A.  Bell 

1-Mercaptobenzothiazole  and  Its  Derivatives  as  Accelerators  of  Rubber 

Vulcanization.     L.  B.  Sebrell  and  C.  E.  Boord 

Mercury  Compounds,  Recent  Developments  in  the  Chemistry  of. 

F.  C.  Whitmore 

Metal,    Babbitt,    Methods    of  Chemical  Analysis  of — Approved  by 

A.  E.  S.  C 

Metallographic  Analj'sis  in  Criminal  Jurisprudence.     Note 

Metallurgical  Processes,  Oxygen  and  Oxygenated  Air  in.     Note 

Metals,  White.     W.  A.  Cowan 

Meters,  Accurate  Bubble — for  Very  Small  Rates  of  Gas  Flow.     Tyler 

Fuwa  and  G.  A,  Shattuck 

Methane  in  Steel  Containers.     German  Letter 

Methanol: 

Conversion   of    Methyl   Chloride   to.     R.    H.    McKee   and   S.   P. 
Burke.     1,682;     II 

Importance  of  a  Name.     Editorial 

Methoxyl: 

Chemistry    of    Wood.     VII — Relation    between — and    Lignin    in 
Wood.     G.  J.  Ritter 

Distribution  of — in  the  Products  of  Cooking  Jack  Pine  by  the 
Soda  Process.     S.  S.  Aiyar 

In  Wood  Charcoal.     L.  F.  Hawley 

Methyl    Anthranilate    in    Grape    Beverages    and    Flavors.     R.    D. 

Scott 

Methyl  Chloride: 

Analysis  of  Gas  Mixtures  Containing.     R.  H.  McKee  and  S.  P. 
Burke 

Conversion  of — to  Methanol.     R.  H.  McKee  and  S.  P.  Burke.     I, 

682 ;     II 

Metric  System: 

Committee  on.     To  Consumers  of  Pure  Chemicals 

Standards  and.     Editorials 

Use  in  Society  Journals — Correction 

Michigan,    University  of — New  Chemical  Engineering  Laboratory. 

A.  H.  White 

MicrosubUmatiou,  New  Processes  of.     German  Letter 

Milk; 

"Electropure"  Process  of  Treating,  Studies  on.     F.  W.  Robison.  .  . 

Fats  in  the  Evaporated — Industry.     H.  F.  Zoller 

Ice  Cream  and — as  Fatty  Foods.     Jerome  Alexander 

Pipet  for  Lactose  Determination  in.     E.  G.  Mahin 

MUlkan,  R.  A.     Nobel  Prize 


269 
1286 
736 
647 


361 
28 
322 
314 
1161 
1085 
1169 

83 


112 
100 
1198 


1297 
1298 
1169 
870 


773 
539 


113 
1264 


578 

788 

849 
1103 

1284 


278 
254 
943 
1287 


Milwaukee  Meeting.  A.  C.  S.,  September  10  to  14,  1923: 
.4  ddr  esses: 

Bacteria  and  the  Chemist.     A.  I.  Kendall 1001 

The  Market  for  Chemical  Ideas.     C.  F.  Burgess .        997 

Bread  Symposium: 

Flour  and  Bread  as  Colloid  Systems.     R.  A.  Gortner 1218 

Flour  Manufacture.      C.  H.  Bailey 1217 

Panary  Fermentation.      C.  B.  Morison 1219 

Reproduction  of  Animals  on  an  Exclusive   Diet  of   Bread.   C. 

Hoffman 1225 

Role  of  Bread  in  Nutrition.     Worth  Hale 1221 

Variations  in  Wheat  Types — Some  Causes  and  Effects.     L.  A. 

Fitz 1215 

Council  Meeting 996 

Registration 1032 

Report 995 

Mining,  European — Industry.     Note 1146 

Missouri,  University  of.  New  Chemistry  Building 1085 

Mist  Explosions.     German  Letter 1291 

Moisture  and  Carbon  Dioxide,  New  Absorption  Bottle  for.     W.  E. 

Morgan 265 

Molasses  and  Sirups,  Recent  Progress  in  the  Chemistry  of.     F.  W. 

Zerban 7 

Mold  Enzymes,  Industrial.      Kokichi  Oshima  and  M.  B.  Church.  ...  67 

Molybdenum  in   Tungsten,   Determination  of  Small  Quantities  of. 

W.  J.  King 350 

Monel  Metal  and  Nickel  in  Corrosion-Resisting  Machinery.     R.  J. 

McKay 555 

Moore,  R.  B.,  Joins  Staff  of  The  Dorr  Company 606 

Mordants.     See  Dyes. 

Motley,  Edward  W.     American  Contemporaries.     H.  S.  Booth 195 

Motion  Picture  Films 6,303,      950 

Bureau  of  Mines 181 

Industrial  Films,  Bureau  of  Mines.     Washington  Notes 867 

Story  of  the  Gasoline  Motor.     Washington  Note 757 

To  Show  Cotton  Dusting  Methods.     Notes 1169 

Motor  Fuel: 

Alcohol  as  a — Constituent.     H.A.Gardner 483 

Eucalyptus  Oil.     Note 897 

New  Motor  Fuel.     Note 897 

Refinery  Problems  Affecting — Supplies.     F.  A.  Howard  and  N.  E. 

Loomis 482 

Some  Fundamental  Relations  among  the  Elements  and  Compounds 
as  Regards  the  Suppression  of  Gaseous  Detonation.     Thomas 

Midgley,  Jr.     Nichols  Medal  Award 421 

Symposium.     ..St-e  .\merican  Chemical  Society,  New  Haven  Meet- 
ing. 
Motors; 

Diesel.     German  Letter 1291 

Electrical — for  Industrial  Service.     J.  L.  McK.  Yardley 921 

Munroe,     Charles     Edward.     American     Contemporaries.     H.     W. 

Wiley 649 

Muscle    Shoals    Development    by    the    Government,     Washington 

Notes 208 

Naphtha.     5«  Petroleum. 
Naphthalene: 

Equations  for  Vapor  Pressures  and  Latent  Heats  of  Vaporization 
of — ,  Anthracene,    Phenanthrene,  and   Anthraquinone.     O.  A. 

Nelson  and  C.  E.  Senseman 621 

Vapor  Pressures  of  Some  Substances  Found  in  Coal  Tar.     F.  S. 

Mortimer  and  R.  V.  Murphy 1140 

Naphthenes.     Examination  of  Low-Temperature  Coal  Tars — I.     J. 

J.  Morgan  and  R.  P.  Soule 587 

NaphThol: 

Beta-,    and    Chlorobenzene,    Catalytic    Ammonolysis    of — in    the 

Vapor  State.      -\.  M.  Howald  and  Alexander  Lowy 397 

Determination  of   Beta-Naphthol  in  Alpha-Naphthol  and  Alpha- 

Naphthol  in  Beta-Naphthol.     John  Prochazka 944 

National  Fertilizer   .-Association:   Report  of  Chemical   Control 

Committee 864 

National  Research  Council: 

Division   of   Chemistry   and   Chemical   Technology.     Election   of 

Officers.      Washington  Notes 541 

Personnel.     Research  Information  Service 320 

Prize  Essay  Contest  Endorsed  by.     Washington  Notes 1198 

Report  on  Cooperative  Scientific  Work.     Washington  Notes 431 

Research  Laboratories,  Industrial 272 

Natural  Gas.     See  Gas. 

Natural  Resources,  Substitutes  for.     The  Silver  Lining.     Editorial..        223 

Naval  Stores; 

Act,  Enforcement  of.     Washington  Notes 1199 

Standards.     Washington  Notes 431 

Navy's  Recognition  of  Chemists  Urged 49 

New  Haven  Meeting,  A.  C.  S.,  April  2  to  7,  1923; 
Addresses: 

Cellulose  Silk.     W.  O.  Mitscherling 460 

History  and  Status  of  Chemistry  in  Petroleum  Research.     C.  O. 

Johns 447 

Influence  of  Light  in  Organic  Matter  and  Life  Processes.     Oskar 

Baudisch 451 

Influence    of    Modern    Chemistry    on    Pharmacology.     A.    D. 

Hirschf  elder 455 

The  Chem-st  Enters  a  New  Industry 449 

Council  Meeting 445 

Dedication  of  Sterling  Chemistry  Laboratory _.  .  .        462 

Division  and  Section  Reports 528,        532 

Hotel  Accommodations 87 

Materials  of  Chemual-Equipment  Construction  Symposium: 

Acid  and  Chemical  Proof  Stoneware.     M.  A.  Knight 472 

Concrete  in  the  Construction  of  Chemical  Manufacturing  Facil- 
ities.    A.  C.  Irwin  and  F.  W.  Ashton 562 

Ductile  Tantalum.     C.  W.  Balke 560 

Effect  of  Velocity  on  the  Corrosion  of  Steel  in  Sulfuric  Acid.  W. 
G.  Whitman,  R.  P.  Russell,  C.  M.  Welling,  and  J.  D.  Coch- 
rane, Jr 672 

Enameled  Apparatus  from  a  Chemical  Engineering  Standpoint. 

E.  P.  Poste  and  Max  Donner 469 

Hard  Rubber  and  Its  AppUcation  in  the  Chemical  Industries. 

A.  C.  Buttfield 474 

Laboratory  Corrosion  Tests.     W.  S.  Calcott 677 

Laboratory  Table-Top  Materials.     C.  R.  Hoover 569 
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Lead  as  a  Material  for  Chemical  Equipment.     G.  O.  Hiers 467 

New  Applications  of  Phenol  Resins  in  the  Chemical  and  Allied 

Industries.     L.  V.  Redman 677 

Nickel   and    Monel    Metal   in    Corrosion-Resisting    Machinery. 

R.  J.  McKay 555 

Protection  of  Concrete  and  Other  Building  Materials  against 

Water  and  Noxious  Fumes.     Maxmilian  Toch 665 

Pyrex  Glass  Plant  Equipment.     A.E.Marshall 671 

Resistivity  of  Iron  and  Its  Application  to  the  Chemical  Industry. 

D.  M.  Strickland 566 

Resistivity  of  Various  Materials  towards  Photographic  Solutions. 

J.  I.  Crabtree  and  G.  E.  Matthews 666 

New   Haven,   Yale,  and  the   A.   C.   S.   Spring  Meeting.     W.   T. 

Read 92 

News  Bulletin 314 

Prepare  for  New  Haven.      Editorial 222 

Registration 475 

Report 445 

Symposia  A  nnouncemenls: 

Agricultural  and  Food   Chemistry   Division.     Insecticides  and 

Fungicides 207 

Cellulose     Division.     Oxycellulose,     Cellulose     Hydrate,     and 

Hydrocellulose 206 

Chemical  Education.      Tests  in  Chemistry 207 

Dye.      Synthetic  Coal-Tar  Dye  Industry  in  U.  S.  Prior  to  1914  .  .        207 

Materials  of  Chemical-Equipment  Construction 96 

To  Commemorate  Benjamin  Silliman 24 

Newspaper  Education.      Editorial 773 

Nichols  Medal  Award:     Some  Fundamental  Relations  among  the 
Elements  and  Compounds  as  Regards  the  Suppression  of  Gaseous 

Detonation.     Thomas  Midgley,  Jr 421 

Nichols,  William  H.     American  Contemporaries,     C.R.Smith 424 

Nickel  : 

Copper  and.     Canadian  Letter 979 

Industry  in  192I-I922.      A.  J.  Wadhams 409 

Monel    Metal    and — in    Corrosion-Resisting    Machinery.     R.    J. 

McKay 555 

Nickel  Sulfate.  Solubility  of — by  Floating  Equilibrium  Method.     F. 

C.  Vilbrandt  and  J.  A.  Bender 967 

Nitrate  : 

Deposits.  Radioactivity  in.      Paris  Letter 868 

From  Caliche,  Eflicient  Recovery  of.     J.  W.  Turrentine 8.53 

Survey.     Washington  Notes 757 

Nitrogen: 

And  Fertilizer  Needs.     Paris  Letter 209 

Nitrate,  Determination   of — in   the   Presence   of   Cyanamide   and 

Some  of  Its  Derivatives.     K.  D.  Jacob 1175 

Nitrogen  Fixation: 

Experiments  on  the  Arc  Process  for.      E.  D.  McCoUum  and  Far- 

rington  Daniels 1173 

Nitrogenous    Compounds,    Organic   Studies   of   the    Activity   of — 

II.      C.  S.  Robinson,  O.  B.  Winter,  and  Selma  Bandemer 1179 

Nitrogenous  Mixtures.      See  Cyanamide. 

Nobel  Prize.     F.  G.  Banting  and  R.  A.  Millikan 12S7 

Nonferrous  Alloys,  Wrought— in  1922.     W.  H.  Bassett 31 

Nonferrous  Industry,  Trend  of  Research  in.     P.  D.  Merica S95 

NONMETALLICS: 

New  Experiment  Station  for  Study  of.     Editorial 554 

Use  of  Nonmetallic  Minerals.     Canadian  Letter 979 

Notes  and  Correspondence 

97,207,321,426,538,649,755,865,977.1089,  1196 

Nutrition,  Role  of  Bread  in.     Worth  Hale 1284 


OAT  and  Peanut  Hulls,  Production  of  Acetone,  Alcohol,  and  Acids 

from.      E.  B.  Fred,  W.  H.  Peterson,  and  J.  A.  Anderson 126 

Officers: 

American  Chemical  Society.     Editorial 2 

Local  Sections.     See  Local  Sections. 
Oils: 

Determination  of  Phenols  in  Coal-Tar — and  Crude  Carbolic  Acid. 

J.  B.  Hill 799 

Gasoline.     See  Gasoline. 

Heat  Treatment  of  China  Wood  and  Linseed  Oils.     C.  F.  Mabery.        365 

Hydrogenated  Oil  for  Oil  Baths.     G.  R.  Robertson 701 

Light  Oil  in  Coke-Oven  Gas.     Use  of  Activated  Carbon  in  Its  De- 
termination.    A.  L.  Davis 689 

Linseed,  Effect  of  Various  Pigments  upon  the  Rate  of  Oxidation  of. 

F.  H.  Rhodes  and  A.  E.  Van  Wirt 11.15 

Losses  in  the  Refining  of  Edible  Oils.     B.  H.  Thurman 395 

Measurement  of  the  Relative  Absorption    Efficiencies   of   Gas-Ab- 
sorbent Oils.     R.  E.  Wilson  and  H.  S.  Davis 947 

Notes  on  the  Oil  from  Kauri  Copal.     A.  H.  Gill  and  D.  Nishida 1276 

Oil-Cracking  Plant,  New.      Note 899 

Petroleum  Oils.     See  Petroleum. 

Pine,  Occurrence  of  Levo-Menthone  in.     A.H.Gill 887 

Purification  of — Containing  Colloids.  Paris  Letter 759 

Sulfo- Acid  Bodies  in  Lubricating  Oils.     G.  L.  Oliensis 690 

Vapor  Pressure  of  Volatile  Solvents.     Solutions  of  Benzene,  Hex- 
ane,   and    Cyclohexane   in    Various   Types   of   Lubricating   Oils, 
with  Molecular  Weight  Data.      R.  E.  Wilson  and  E.  P.  Wylde.  .         801 
Variation  of  Refractive  Index  of  China  Wood  Oil  with  Temperature. 

F.  H.  Rhodes  and  H.  E.  Goldsmith 786 

Oleomargarine    and    Butter,  Rapid  Method  for  the  Determination 

of  Salt  in.      F.   F.   Flanders 181 

Organic  Chemical  Industry,  Commercial  Developments  in  1922.      E. 

H.  Killhefler 21 

Organic  Compounds,  Electrochemistry  of.     Alexander  Lowy 15 

Organic  Substances,  Pure,  Calculation  of  Flash  Points  for.     Edward 

Mack,  C.  E.  BOord,  and  H.  N.  Barham 963 

Organizations,    Endorsement    of    Questionable.     "A    Rose    by    Any 

Other  Name."     Editorial 442 

Ovens: 

Constant-Temperature.     C.  M.  Mackall,  G.  E.  Miller,  and  E.  E. 

Reid 121 

Modern  Regenerator  Coke,  Thermal  Operation  of.     D.  W.  Wilson, 

H.  O.  Forrest,  and  C.  H.  Herty,  Jr 251 

Oxidation,  Role  of — in  Biological  Processes.     Paris  Letter 769 

Oxygen: 

And  Oxygenated  Air  in  Metallurgical  Processes.     Note 1036 

And  Perforations  in  Canned  Fruits.      E.  F.  Kohman 527 

Determination  of  Dissolved — in  the  Presence  of  Iron  Salts.     A. 

M.  Buswell  and  W.  U.  Gallaher 1166 


PAINT: 

Consistency,  Factors  Governing.     Henry  Green 

Effect  of  Various  Pigments  upon  the  Rate  of  Oxidation  of  Linseed 
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